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ABSTRACT

Stuart Churchill begins wi th background information about
his famly and early education. He then describes his
under graduate years at the University of M chigan, where he was
quite active in the mathematics departnment as well as in chem cal
engi neering. After working in industry for five years, at Shel
Ol and Frontier Chemical, he returned to Mchigan for graduate
school . There, he began bot h hi s extensi ve research on heat
transfer, natural convection, and conbustion, as well as his
career in teaching. After earning his Ph.D. and a position on
M chigan's faculty, he began work on several mlitary projects
in the nuclear field. 1In addition, he served on the Nationa
Council of and as president of the Anerican Institute of Chem cal
Engi neers. He was also active in industrial consultation. After
acquiring increasing admnistrative responsibilities as chairman
of the departnent, he chose to nove to the University of
Pennsylvania to return his focus to research and teaching. His
students were always a top priority, and throughout the interview
he frequently alludes to his close, continuing relationships with
them He also stresses the dramatic inpact of increased use of
appl i ed mat hematics and i nproved conputer technol ogy on chem cal
engi neering. Churchill concludes the interviewwith a brief
di scussion of his current work, his famly life, and his |eisure
activities.

| NTERVI EVEERS

Jeffrey L. Sturchio received an A B. in history from Princeton
University and a Ph.D. in the history and soci ol ogy of science from
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Dr. Marchese was a consultant to the Beckman Center for the History of
Chem stry in 1984-1985.



TABLE OF CONTENTS

1 Fam |y and Early Education
Born in Imay Gty, Mchigan. @uidance counsel or
encour ages study of chem cal engineering. Predisposed to
University of M chigan because not her attended. Diverse
academ c and extracurricular interests. Chicago Wrld's
Fair heightens interest in science.

4 University of M chigan, Undergraduate
Strong interest in applied mathematics. Plays in Mrching
Band. Chem cal Engi neering Departnment has strong ties
with industry. Wrks on senior research project under Don
Katz. Discussion of textbooks and faculty.

14 Shell G| Conpany
Deferred fromdraft. Wrks on catalytic cracking.
Urgency caused by war. Devel ops anti-rust conpound for
turbine oil.

21 Fronti er Chem cal Conpany
Curtis Cannon convinces to join new enterprise. Starts
el ectrochem cal plant to produce hydrochloric acid using
new nmet hod. Builds and operates plant with few engi neers.
Endeavor is extrenely successful but requires trenendous
amount of tinme and energy. Leaves because of inpending
sel | out.

27 University of M chigan, G aduate School
Di sheartened by industry. Receives MS.E. in 1948.
Stunned by changes that had taken place in chemca
engi neering and applied mathematics. Begins teaching
whi | e working as research assistant, taking graduate
courses, and working on thesis. Fellow graduate students
and faculty. Updates heat transfer and fluid flow course.
St udi es and publishes on heat transfer at great
tenperature differences and ignition of propellants with
Brier. Mich of research sponsored by the mlitary.

36 University of M chigan, Faculty Menber
Works on Arned Forces Special Wapons Project to devel op
shi el d agai nst nucl ear weapons. Limted by |ack of
conput er technol ogy. Research on radiative scattering.
Turns to natural convection and conbustion. Helluns, a
student, devel ops nmethod for sinplifying parti al
differential equations. Wrk for nuclear industry. Anong
the pioneers in using conmputers. Requires all students to
have strong mat hemati cs and physi cs backgrounds.
Influence of R R Wiite. Rankings of various chen cal
engi neering prograns. Effects of Transport Phenonena and
the rate concept. Trends in engineering education.




56

60

62

65

75

80

87

91

95

American Institute of Chem cal Engi neers (Al ChE)
Menber of National Council. Serves as vice president,
presi dent, and past president. Active in inproving
university-industry relations. Governnment Rel ations
Committee. Broadens international relations.

Maj or Acconpli shnents at University of M chigan
Research on attenuation of thermal radiation from
nucl ear weapons. Mathematical advances.

I ndustrial Consulting
Katz, Wiite, and Brown foster numerous opportunities.
Research on liquid heat transfer, radiative transfer
t hrough fibrous materials, and ignition of propellants.
Pronot es exchange of information between industry and
acadene. Students and consulting projects. Helps arrange
Du Pont and Hercul es program for young faculty nenbers.

Uni versity of Pennsyl vani a
Leaves M chigan to return focus to teaching and research
Conpari son of Penn and M chigan. Restarts conbustion work
with Joseph Chen. Continues to work closely wi th Hiroyuki
Ozoe after Ozoe returns to Japan. International flow of
students. Maintains close relationships wth nost
students. Quality of facilities is frustrating but
i nspires use of superior nmethods. |nportance of
I ntegrating theory and experinmentation. Devises
exceptional nethod of correlation. Current publishing
activities.

Changes in Chem cal Engi neering
Shift fromenpirical basis to theoretical orientation.
| npact of conputers and advanced nmat hematics. Effects on
i ndustry. Changes in quality of various universities'
prograns. |nportance of a productive faculty. Evolution
of industrial relations. Cose-knit chem cal engineering
communi ty endures. Journals. Changes in textbooks.

Approach to Teachi ng
Rarely uses textbooks. Interactive approach. Encourages
students to consider teaching. Descriptions of students
and subsequent careers.

Current Activities
Hopes to resune research on natural convection. Mich work
wi th conbustion. Professional organizations. Mjor
awards. Famly. Final statements on passion for chenica
engi neeri ng.

Not es

| ndex



| NTERVI EV\EE:; Stuart W nston Churchil

| NTERVI EVEERS: Joseph C. Marchese and Jeffrey L. Sturchio
LOCATI ON: Uni versity of Pennsylvani a
DATE: 21 March 1985

MARCHESE: Let's begin with a few questions about your famly
background and early educati on. Wen and where were you born?

CHURCHI LL: | was born in Imay Gty, Mchigan on June 13, 1920.

MARCHESE: Coul d you give us the nanes of your parents and their
occupati ons?

CHURCHI LL: M father's nane was Howard Heenan Churchill. He

wor ked as a bank clerk and | ater as an insurance agent and

i ndependent busi nessman. My nother's nane was Faye I rnma Shurte
Churchill. She was a high school teacher of history and English
before they were marri ed.

MARCHESE: Do you have any siblings?

CHURCHI LL: | have two brothers. The older is Robert Howard
Churchill. He was al so an engi neer but eventually took over ny
father's business and is now retired. M younger brother, Janes
Paul Churchill, is a federal judge in M chigan.

STURCHIO. Did you say that Robert was ol der than you?

CHURCHI LL: No, they're both younger

STURCHIO. Is there anything in particular in your early schooling
that led to your interest in engineering?

CHURCHI LL: | had never thought about the possibility of taking
engi neering in college until a career guidance counsel or | ooked
at a test that | had taken and said that's what | should do. |
had really intended to study chem stry or physics or mathematics
up to that point. Indeed, | applied at Harvard in chem stry and
at Mchigan in chem cal engineering. | received a scholarship at
M chi gan and not at Harvard, and that resulted in my choice of a
car eer.



STURCHIO. Who was it that you were hoping to study with at
Har var d?

CHURCHI LL: | did not have anyone in particular in mnd.

STURCHI O Was that the sane for Mchigan, or was it just the
i dea of going to M chigan for chem cal engineering?

CHURCHI LL: MW nother was a graduate of the University of

M chi gan, and we grew up hearing a great deal about it. | had
visited Ann Arbor many tines, and | was very predisposed to
go there.

There was actually a third choice. One of nmy high schoo
teachers tried very hard to persuade ne to go to Hillsdale, where
he was an athletic coach. | actually would have had a better
financial arrangenent there, but they didn't have engi neering.

STURCHI O Wsat was your high school experience |ike? Wre you
slated for a technical goal ?

CHURCHI LL: | don't think so. | went to a small high school, so
there was very little choice in courses. | enjoyed nmathenmatics
and sci ences, perhaps the nost, but | had equal interest in

| anguages, in English and in other subjects. | think the

mat hemati cs teachi ng had sone persuasive effect. Looking back, |
believe this environnent was a very fortunate one for nme. | was
the best student in my class and thereby gai ned confidence. |
was able to conpete on the basebal |, basketball and foot bal

teans, to play in the band and orchestra, to performin the
theatre, etc., a gamut of activities which would not have been
possible in a large high school. | had enough tine beyond these
activities to read extensively and to work at a bakery during
the study hall periods.

STURCHIO. So you had at |east some background in math,
chem stry and physics when you went to M chi gan?

CHURCHI LL: Very el enentary.

MARCHESE: Did your parents influence the orientation of your
career?

CHURCHI LL: M father was fundanental |y opposed to ny studying
engineering. He really wanted ne to go into business with him
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My other two brothers also started engi neering, and these were
consecutive bitter defeats in that regard. | should note that ny
fat her was supportive once we had nmade our choice of a field of
study. One brother eventually gave up engineering to work with
him M nother was perm ssive in this sense. She very strongly
urged ne to go to college, but I don't believe that she had a
predi sposed i dea of what | shoul d take.

STURCHI O When you graduated from high school it wasn't exactly
a buoyant tinme for business. D d the general economc climate
have any inpact on your decision?

CHURCHI LL: The economc climate nmade it difficult to go to

coll ege. There may have been only two or three out of ny high
school class who did so, partly because it was an agricultura
community and their parents didn't want themto | eave the farm
We were just conming out of the G eat Depression and ny going to
col |l ege posed a problemfor ny famly as well. Obtaining

schol arship help was a big factor. Between my own savi ngs and
schol arships, it did not cost ny famly nuch for the first two or
three years of coll ege, but sonmehow t hey woul d have scrounged so
that | coul d have gone anyway.

STURCHIO You said that only a few people out of your class went
to college. Wat eventually did nost of the people who were your
cohorts in high school do? Did they stay in the area?

CHURCHI LL: Curiously, I do not know The reason is that at that
exact time World War 11 broke out and alnost all of them went
into mlitary service. Wien | returned to ny hometown (since ny
parents were still there) very few of the young people |I had
known were still living there. | have lost touch with every
single person in ny high school class, and | do not know where
any of them are today.

MARCHESE: Were there any other teachers or books or clubs that
you bel onged to that hel ped to shape your decision to take
courses in chem cal engineering?

CHURCHILL: | find it hard to renenber any because when | went to
the University of Mchigan to take chem cal engineering, | didn't
have the vaguest idea what it was about. |I'mafraid that | was
somewhat undi scrimnating in what | read in grade school and

hi gh school. | renenber starting at the top shelf and reading
every book in the high school library, which indicates a

voraci ous desire to learn but not much of a focus. | don't
believe ny interests in a career were very focused either. 1 was
also interested in athletics and nusic, and | renenber being
interested in science fiction. That nay have had sonme inpact. |
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certainly did not study any particul ar books by or about

engi neers. | renenber going to talk to the one person in ny
honet own who was an engi neer and that he tried to persuade ne
not to beconme one because he was out of work. That was rather
di sheart eni ng.

STURCHI O That was the tinme when Du Pont was using its new

sl ogan, "Better things for better living through chem stry." D d
that nake its way to M chigan? Wat about a few years earlier
when Chicago had a Wrld's Fair?

CHURCHI LL: | don't recall hearing of that slogan until [|ater,
but | was very inpressed with the Chicago Wrld's Fair. W spent
a week there and that nay have been an influence on ny choice of
a career. | remenber being overwhel med by the Hall of Science.
That formed very deep nmenories. | can still recall many things
fromthat trip, when | nust have been thirteen

STURCHI O  You applied to M chigan and received a scholarship. |
recall reading in Varma's article (1) that you said your
experience with mathematics early in your college career was one
of the things that shaped your |ater use of mathematics in

engi neering. Wat other influences at M chigan do you recall?

CHURCHI LL: | was al nobst not a chem cal engineer at M chigan. |
becane very close to Cyde Love, ny professor in mathematics ny
freshman year, and | actually switched to mathematics. Love had
witten two very well-known books on cal cul us and anal yti cal
geonetry (2). Mchigan had a remarkabl e applied math depart nent
then. As a consequence, he convinced ne that | could study both
mat hemati cs and chem cal engineering, and that if | enrolled as a
student in mathematics instead of in chem cal engineering, |
woul d have ny choice of courses in the university because there
were very few students in the applied nath departnment and |

could avoid the long lines at the tine of registration. | took
his advice and did not formally register in chem cal engineering
until | was a senior. | then confronted the departnent with the
fact that | had taken all of their courses; they were quite grim
about this. | remenber a confrontation with G G Brown who said,
"Merely taking some of our courses does not guarantee that you
are going to get a degree in chem cal engineering." But in the

| ong run they were reasonabl e.

| played in the University of M chigan Marchi ng Band for

four years, and that was a very demandi ng experience. | probably
spent nore tinme doing that than | did in class. W practiced

per haps si xteen hours a week. | renmenber one of ny freshman
teachers telling ne that | could not go on a trip to Boston with
t he band because | would mss his test. | said, "But it is an
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official University of Mchigan Band trip." He said, "Youll have
to nmake a choi ce whether you are going to be an engineer or a
musician." | said, "lI've already nmade that choice, but that
doesn't nean | can't do other things." He gave ne a very
difficult tinme, and in fact, a zero on the test. The first tine |
ever canme to the University of Pennsylvania was in 1939 as a
menber of the Marching Band when M chigan played Pennsyl vania in
football. W joked that the band was nore heavily recruited and
practiced nore than the football team | forned nost of ny

coll ege friendships with bandsnen rather than chem cal engineers
and joined Acacia Fraternity on their suggestion.

STURCHI O You were close to Clyde Love as one of your math
professors. Wre there other professors early in your M chigan
career?

CHURCHI LL: | renenber an English professor that | also had in
the first senmester. | won't say that | thought about sw tching
to English, but I did very well in his course and subsequently

took several of ny electives in English literature.

STURCHI O From what you say, nost of the engineering students
did not have quite the flexibility in their curriculumas you
di d.

CHURCHI LL: Nom nally they did, but perhaps they had a different
focus, and therefore no reason to sel ect offbeat courses. They
just did what the students do here--picking up courses cafeteri a-
style. As a consequence of doing both mathematics and chem cal

engi neering, | actually had little flexibility. And there was
t he band, which nmeant that | could never take | aboratories in the
fall. Hence | had a very peculiar schedule as well. | took

courses out of order, and for that reason | did not know nmany of
the other students in my own class in chem cal engineering very
wel | .

STURCHI O That was going to be one of ny next questions. Do you
recall other students who later went on to chem cal engineering
careers?

CHURCHI LL: | have |l ost touch with alnost all of them again for
t he sanme reason--the war. One exception is Wirthy Boyd, whom I
met again in graduate school and who worked for Exxon.
Curiously, I've kept in touch with a few whom | knew in the
mat hemati cs program but very few of the chem cal engineering
under graduates. Gordon Van Wl en, | ater Chairnman of Mechani cal
Engi neeri ng and Dean of Engi neering at M chigan, and now
Presi dent of Hope Col | ege, where ny daughter is a student, and |
were nomnally classmates for four years, but we don't renenber
seei ng each ot her then.
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MARCHESE: Per haps you might nane a few professors from your
chem cal engi neering courses and say what influence they had
upon you. \Wat was your relationship with A. H Wite, for
exanpl e, while you were an undergraduate student?

CHURCHI LL: | had A. H Wite for a course as a freshnman and
again as a senior. At the latter tine he was then conmuting to
Washi ngt on because of the war. He had a very profound effect
upon me as a person and gave ne a sense of the history of

chem cal engineering. He founded chem cal engineering at the
University of Mchigan and was the first professor there. He
went to Zirich to study, and cane back to advocate that chem ca
engi neering should be a separate curricul um

STURCHI O He had been chairman for quite a while.

CHURCHI LL: He nust have been chairman for many years, but about
that tinme he stepped down and G G Brown becane chairnman

MARCHESE: White was chairman between 1914 and 1942.

CHURCHI LL: It is 1942 1'm speaking of, and that confirns 1942
as the year Brown becane chairman.

MARCHESE: \Wite was also a pioneer in formal contract research
for industry and government. In 1920, he got the University of
M chigan to enter into some sort of an agreenent.

CHURCHI LL: | think that involved Professor [Walter] Badger and

was with the Swenson Evaporator Conpany. Sone say that was the

first industrial research contract of any kind at the University
of M chigan and possibly in chem cal engineering anywhere.

STURCHIO. Did that close connection with industry characterize
the way that nost M chigan faculty in chem cal engineering
structured their tine, or was Wite uni que?

CHURCHI LL: They all had a very close involvenent with industry
as consultants. WMany were doing research, for industry, rather
than for the federal governnent. | didn't know there was any
other way to do things. That was the accepted node.

STURCHI O. Did undergraduate students get involved in research
proj ects?



CHURCHI LL: | did. W had the choice of doing so, and during ny

senior year Bill Collanore and | worked with Don Katz. W did a
seni or research project that Don later submtted for publication
(3). | got to know Don Katz quite well this way. That

experi ence was a persuasive factor in nmy returning to graduate
school

STURCHIO. Two things about that article intrigued ne. One was
t he obvious relevance that it had to the growi ng petrochemn ca
industry at the tinme, since understandi ng the phase behavi or of
these different m xtures of acetyl ene, ethylene, ethane, and the
ot her binary m xtures would hel p conpanies to process refinery
gases nore efficiently. The second thing was that it was based
in part on work that was done in the 1890s by a German. It
struck ne as intriguing that you should pick up sonething that
old to do further work on.

CHURCHI LL: Apparently very little had been done in that field
in all those years. Katz and [Fred] Kurata had either

di scovered or redi scovered the phenonena of retrograde
condensation. It turned out to have a very inportant
application in the ownership of gas above oil wells. Katz was

i nvol ved as a consultant in a lawsuit over this in California--
whet her or not sonebody punping gas was getting soneone el se's
oil. That may have inspired his interest in retrograde
condensat i on--whi ch goes in the opposite direction from what
common sense would tell you. Katz thought that perhaps the

et hyl ene- acetyl ene system m ght behave the sanme way and i ndeed
it did. Qur paper was published in a second-rate journal
because in the limted tinme we had, we didn't neasure
conpositions, and Don Katz was a little nervous as to whether or
not we m ght have made sonme systematic error in conmputing
conpositions. It turned out that the conputed conpositions were
all right because another nman repeated our work as part of his
Ph.D. thesis.

MARCHESE: Wo was W G Col | anore?

CHURCHI LL: W G Col lanmore was one of the top two or three
students in nmy class in college, and went to work for Exxon upon
graduation. | heard that he had a nental breakdown, tried to
kill hinmself, and was in an asylumfor sone tinme. | have no

I dea what has since happened to him He did not give any

I ndi cati on of such behavior when I knew him

STURCHO J. L. MCurdy is the one who did the work later. Did
Kat z have a | arge group of graduate and undergraduate students
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wor ki ng on problens like this or was there just one project that
you were enlisted to help with?

CHURCHI LL: He had a | arge nunber of graduate students during
that period, but this was 1942, and nmany of them soon went away
for one reason or another. | remenber Fred Kurata, Cheddy

Sli epcevich, and Harry Drickamer fromthat tinme but the latter
two did not work for Katz.

STURCHIO |I'd like to come back to that particul ar piece of
research when we start to talk about the work that you did after
joining Shell GI. If we could go back for a mnute to A H

Wiite and the other faculty. You said that you had Wiite as a
senior. Was that a research course or a | ecture course?

CHURCHILL: It was a lecture course in which he described the
processes then being used in the chem cal industry. | renenber
bei ng i npressed because he knew the details of all of these off-
the-cuff. This was not information you could find in a book
anywher e.

STURCHI O That would be an ol der style, even then.

CHURCHI LL: He had a conmpletely different style fromthe other
faculty nmenbers. The undergraduate curriculumwas then quite
different fromthe present. It was sonmewhat mathematical, but
only in an al gebraic sense. This posed somewhat of a conflict
because | was at the same tinme studying mathematics at a nuch
hi gher level than they were using in chem cal engineering. It
may have been fifteen years before | found any use for this
advanced mat hematics. Chem cal engineering work at that tine
was on a conpletely different mathematical |level, and I was not
yet capabl e of associating the two.

STURCHIO. Did you have courses with Katz, other than the
research that you did?

CHURCHI LL: | never had a course directly fromhim However, he
occasionally substituted in a few classes of the courses that |
had.

MARCHESE: How about George Brown? Did you have courses with
hi n®?

CHURCHI LL: Only later as a graduate student.



STURCHI O.  Which of the other chemical engineering faculty did
you study with as an undergraduat e?

CHURCHI LL: O fhand I renenber [Alan S.] Foust, [John C.] Brier,
[Richard E.] Townsend, [Edw n] Baker, [Donald W] MOCready, [J.
Loui s] York and [J. T.] Banchero.

STURCHIO. It sounds as if you nmust have taken every course that
t hey of fered.

CHURCHI LL: Banchero and York were graduate students and
instructors (known as "Brown's brats") who ran the | aboratori es,
so | knew themin that category. | probably had sonme contact
with al nost every nenber of the faculty at one point or another.
A. H VWite nomnally taught the freshman course on materials,
but many of the netallurgists in the departnent also
participated in the recitations and | aboratories. It was then a
joint departnent of chemical and netallurgical engineering. In
the freshman and sophonore years, nost of the courses were not
taught by nenbers of the chem cal engineering faculty. W
studied things |like welding and forging which are |ong since
gone fromthe curriculum The first real course in chem ca

engi neeri ng was, however, nuch the sanme as it is now It was a
course in stoichionetry taught by McCready which |I studied from
Hougen and Watson's book (4). Thernodynam cs was not then
taught in chem cal engineering, but | took two courses in
physical chem stry from[Lee O] Case and [R H] Gllette which
i ncl uded t hernodynam cs, and then unit operations. | had Foust
one senmester and Brier the other. | had a course in inorganic

t echnol ogy from Baker.

STURCHIO. Was the unit operations text by \Wal ker, Lew s, and
McAdans being used at that time (5)7?

CHURCHI LL: No. W used Badger and McCabe because they were
M chi gan people (6). | was aware of the other book, and I
| ooked things up in it occasionally.

STURCHI O. For the course in inorganic technol ogy, didn't Badger
and McCabe do a book on that?

CHURCHI LL: It was witten by Badger and Baker (7). Curiously,
Badger | ater asked nme to revise Badger and McCabe with him but
| declined because | wanted to wite ny own book.

STURCHI O. What other texts do you recall using at that tinme?
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CHURCHI LL: Let's see. | recall some that are still in ny
library. White used only lecture notes in his course. In
physical chem stry, | know we used Getman and Dani el s's book
(8), and Case's notes on the phase rule.

MARCHESE: What courses in mathematics did you take, and do you
remenber what texts you may have used?

CHURCHI LL: | wused Love's books in anal ytical geonetry and

cal culus. | used Robinson's book on differential equations in
chem cal engineering (9). | can't remenber who taught that
course, but it was not Love. | used a book in advanced

cal culus by Wods (10). 1In Love's courses in advanced

cal cul us, we depended al nost entirely on notes fromhis
| ect ures.

STURCHIO. Did you cone across Sherwood and Reed's book on
applied mathematics in chem cal engineering (11) while you
wer e an under graduat e?

CHURCHI LL: No, that occurred in ny first senester as a
graduat e st udent.

STURCHIO. Did any of the other chem cal engineering students
conbi ne as rmuch interest in studying mathematics with
chem cal engineering as you did?

CHURCHI LL: | believe Robert Wallace did. The other students
I n engi neering mat hematics were from sone ot her branch of
engi neeri ng.

STURCHIO: On a spectrumfromhighly theoretical to
strictly practical, where was the focus of the departnent's
wor k and teachi ng?

CHURCHI LL: | suppose it lay in between. The faculty were all
people with practical experience, but we studied the existing
theory of all these processes, which was not very advanced at
the tine.

STURCHIO. Did the course you took in physical chem stry
help with the research project you did as a senior? You
nmentioned that Case used his notes on the phase rule, and
you were of course doing work with phase diagrans.

CHURCHI LL: Undoubtedly it was connected. That was by all neans

the nmost difficult course in chem cal engineering, if not in the
University of Mchigan, at the tine. It was universally
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conceded that no one understood Case conpletely! As a graduate
student | al so took courses from himand again found him
chal l enging. He was a recogni zed genius. He was not being
obscure, it was just that he had a little trouble dealing with
ordi nary humans.

STURCH O Sone theoretical scientists are |ike that.

CHURCHI LL: | mght also say that | took physical chem stry at
the same tinme | took another course because | needed extra
courses for the joint degree. That senmester | took seven
courses. The only way | could do that was to take two courses
on top of one another. | just happened to be lucky that they
did not then give tests on the sanme day. | only got caught that
way once and nanaged a nmakeup. Wen | showed up for one fina
exam the instructor asked who I was. But that senester | was
cited as the only person in the university to obtain seven A s.

STURCHI O Your senior year was the year that Pearl Harbor
occurred. You've already nentioned a couple of instances where
peopl e did | eave and things were disrupted. What effect did

t hat have on M chigan and on the chem cal engi neering departnment
whil e you were there?

CHURCHI LL: No one left that year except sone of the graduate
students and perhaps Brier. Foust told us we were the worst
class he had had in his entire history of teaching, and he
attributed this to the fact that everybody was distracted by
what was going to happen as a result of Pearl Harbor in
Decenber.

[ END OF TAPE 1, SIDE 1]

CHURCHI LL: The faculty nenbers of the chem cal engineering
department were very abrasive at that tinme, and | think that

af fected everyone. They regularly insulted you in class. The
remarks that have recently caused discussion here [referring to
Dorfman controversy at Penn] are m|ld conpared to what was said
I n our classes.

STURCHI O. Was that unique to Mchigan at that tine or was it
sonmet hing that was part of getting an engi neering education?

CHURCHI LL: That | do not know. It may have been part of
chem cal engineering at that time, but | think it had nore to do
with the personalities of that particular group of faculty. |
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have no idea if the same thing was true at MT or el sewhere.
have a suspicion it was.

STURCHI O When you cane back as a graduate student were they
still like that, or had they nell owed?

CHURCHI LL: The turnover had resulted in sone but not conplete
nmel | owi ng. Badger, who had been nost fanmpus for his insulting
remarks to everyone, was gone, but Foust and others who used
that style were back

STURCHIO. Did they ever turn their ire on you? Are there any
i ncidents you care to rel ate?

CHURCHI LL: Not on me particularly. If they called on you, and
you didn't know the answer, you sinply had to accept a | ot of
abuse.

STURCHIO. Was it couched in terns of, "What if you design a
pl ant and you don't know t he answer?"

CHURCHI LL: Well, they said (in expurgated terns), "You poor
fool, what are you doing here?" And, "If you' re not going to do
this work right, why are you wasting ny tine?" This was fairly
typi cal of the group of people who were there, Brown anong them
but not Katz or AL H Wite. Wen | returned as a graduate
student | entered Brown's class about two mnutes |late the first
day because | had been in a line to buy concert tickets. There
were one hundred people in the room He went through a stack of
cards and said, "Churchill.” | said, "Here." He said, "Wat's
the second | aw of thernodynam cs?" He did not sit down for the
entire hour. He and | had a dialogue. Wen | started to take
off my coat, he said, "Don't take off your coat because if you
don't answer these questions correctly, you can | eave

permanently."” | just stood and answered his questions on

t her rodynam cs the entire hour. Fortunately, | succeeded in
luring himinto mat hemati cal aspects where | was nore secure
than he was. | canme out of it okay. He never called on ne again

the entire year. He did this again the next day with sonebody
el se. You never knew whomit would be. That was his style, and |
t hi nk many other people in the departnment had copied it.

STURCHI O How | arge was the departnment in ternms of faculty and
student s?

CHURCHI LL: There were roughly 100 students in ny undergraduate
class. That included netallurgical engineers who were not
distinctly identifiable. There were perhaps twenty-five
faculty nmenbers including those in netallurgy and naterials
processi ng.
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STURCHI O M chigan nust have been one of the |argest
departnments at the tinme.

CHURCHI LL: | suspect so.

MARCHESE: Did it have a distinguished reputation?

CHURCHI LL: They thought they were one of the top two or three
schools in the country. As an undergraduate you don't have nuch
perspective on this, but | believe that was a fair rating at
that tine.

STURCHI O You mentioned that Wiite was spending sonme tinme in
Washi ngton doing war-related work. Did the other faculty get
i nvol ved?

CHURCHI LL: Many of them soon left, Foust first. | think he
left at the end of the spring senester of that year. Brier,
with whom | later did nmy doctorate, also left that year and soon
becane commander of the Sout hwestern Proving G ound. Brown was
away off and on during that year. | believe that alnost all of
the senior faculty were soon gone or partially so. A large core
of young people who were graduate students sort of naintained
the fort during that period.

STURCHI O Which of them came back? Presumably a nunber of them
did stay on after the war.

CHURCHI LL: | believe they all returned.

MARCHESE: Did the publication of your paper (3) help you in
getting your position at Shell?

CHURCHI LL: It did not. 1In fact it may have had a negative
i nfluence. Wien | went to Shell and asked perm ssion, which
Katz said |I should do, to say at the bottomof the first page,

"presently with Shell G1," they refused unless they revi ewed
the paper. | wote to Katz and informed him He said,
"Nonsense. It's none of their business.” So, it did not say

Shell GI onit.

STURCHIO.  So you were at Shell when that paper cane out. D d
you start at Shell immediately after graduation?
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CHURCHI LL: Yes, in May, one step ahead of "the draft".

STURCHIO Was it difficult to find a position at that point, or
were there a | ot of openings?

CHURCHI LL: Just at that point the job market went fromstrongly
negative to strongly positive. 1In every one of ny interviews |
was offered a job on the spot. Alnost all the students had a
simlar experience. The problemwas to assess the probability
of being deferred. It was very hard to get an honest and
reliable answer.

MARCHESE: Was this job at Shell considered to be war rel ated?

CHURCHI LL: The position did not absolutely assure ne of a
defernment, but there was a high probability that it would, and
it turned out that way.

STURCHI O. \Where el se did you interview?

CHURCHI LL: | didn't interview any place. All the interviewers
came to Mchigan. | only had interviews with four or five
conpanies. | renenber that | talked to Wandotte Cheni cal

Upj ohn, and Allied Chemical. Shell was the first and | was

i medi ately attracted to that offer. Katz, with whom | was
doi ng ny senior project, thought that would be a very good pl ace
to work, although he thought the conpany was dom nated by

chem sts rather than chem cal engineers at the top

STURCHIO: | assune that it had sonething to do with the fact
that you had been working on subjects related to the sort of
thing you woul d be doing at Shell.

CHURCHI LL: Most of the M chigan faculty were working on
something related to the petroleumindustry, particularly Katz
and Brown. So, you al nost gained the inpression that that's
what chem cal engi neering was about.

When | first went to Shell at their Wod River, Illinois,
refinery, I was assigned to the experinental |aboratory which
sonmetimes did hurry-up research, even over a weekend. Sonet hing
strange was happening in the refinery and you nust find out why.
We either went out and took sanples or set up experinents and
tried to duplicate the plant behavior. | worked on a w de
variety of jobs the first year. Usually these tasks were of a
very short duration. Shell was building the second-ever
catalytic cracker. It was decided that | and three or four
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others woul d operate a pilot plant. For training we were sent
down to Houston where they already had such a pilot plant. |
wor ked there for several nonths, then cane back and started up
the pilot plant at Wod R ver, and then worked with the
commerci al plant which started up al nost i medi ately.

STURCHI O Was that right after you started?

CHURCHI LL: No, a year and a half |ater.

STURCHI O 19437

CHURCHI LL:  Per haps March 1944.

STURCHIO. Was there a lot of pressure to get the plant running?

CHURCHI LL: There was tremendous pressure because it was to
produce avi ati on gasoline which was needed by the Air Force.
That was an exciting tinme. Sonetines the pressure wore on you.
Everything had a great priority and urgency. And you felt
patriotic as well. It wasn't just sonme comercial venture with
many alternati ves.

MARCHESE: Consi dering the circunstances and pressure, did your
education at M chigan give you the proper training for this sort
of endeavor, or did you feel that you were |l earning on the job?

CHURCHI LL: O course, we were learning on the job. 1 was as
wel |l or better prepared than ny conpatriots, but even so |
usual ly felt a deficiency of preparation for the specific
problens that | faced. That was a persuasive factor in ny
ultimately deciding to go to graduate school. | didn't know
enough about many things and no one el se seened to either,
except for a few Ph.D.s who obviously understood a great dea
nor e.

STURCHI O© How many people were in the group that you were
working with at Wod River and what ki nds of backgrounds did
they have? What kind of teamdid Shell Ol have to do this work
on catal ytic cracking?

CHURCHI LL: There were dozens of young chem cal engineers at the
sanme | evel as nyself. One felt in many ways conpetitive with
the others. W realized we were in both training and
observation. Shell even gave us witten tests periodically. It
was quite clear that a rating process was going on but you never
qui te knew where you stood. From your assignnments you obtai ned
some clue as to whether or not you had done the right thing or
the wong thing on the | ast job.
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MARCHESE: Wio was supervi sing your work? You nentioned there
were one hundred or so people with you.

CHURCHI LL: My supervisor changed frequently. | renenber sone
of them M first supervisor was John Harkness, who was a Ph.D
chem st from Harvard. Then Larry Lovell, a B.S. chemi cal

engi neer from M ssissippi. Then |I worked for Stan Mi senberg, a

Ph. D. chem cal engineer from M chi gan who was the assi stant
superintendent in charge of cracking. He succeeded Dal e Loeb,
per haps because of a controversy with nme. Wen | was at the Gas
Plant I was working for a very capable nman, Peter Ml son, whom I
di scovered only had a bachelor of arts. He had never formally

studi ed chem cal engineering. | was inpressed because of his
effective use of self-study. | should also nention CGeorge
Lorenz, a Ph.D. fromlllinois, whom| greatly admred, and again
Larry Lovell, who | ater becane director of research at Houston

and died prematurely.

This was a very peculiar tinme. There were al nost no
chem cal engineers at Shell three years before | went there.
They had not hired anybody for ten years and suddenly acquired
dozens of chem cal engineers fresh out of school. Nobody was in
front of you. There were only two or three Ph.D.s who were
hired in the m d-1930s and who had first been forced to work as
technicians or the |ike.

STURCHI O Was Shell conpetitive as far as salaries were
concerned? Do you renenber how nuch you were paid at the tine?

CHURCHI LL: | started working at $155 per nonth and a nunber of
us were furious to learn that they hired people at $170 six
nonths later and did not give us a raise. Their argunment was

t hat wages were frozen because of the war. \Wages covered a w de
range because of the shortage of people, the draft and federal
regul ati ons.

STURCHIO. Did the tests and the conpetition eventually lead to
regul ar raises? D d technical achievenent hel p you to advance?

CHURCHI LL: Oh, yes. | kept getting better jobs and a slightly
better salary. Al though we were not overwhel m ngly paid, that
was not a big factor in any of our lives. Wen | speak of this
conpetitive feeling, it's clear that Shell created it, but we

were all good friends outside of work. | drank beer and pl ayed
golf, etc., with these other young engineers. During the pilot
pl ant days, we worked on shift work. It was an unusual tine
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soci ally because in the whole area we were the only young nen
around, and therefore people said angrily, "Wiy aren't you in
the arny?" You attracted a great deal of attention if you

pl ayed golf or did anything recreationally or socially in
public. W had gasoline when few others did because we drove
back and forth to work at odd hours.

STURCHI O  Who el se worked with you on the pilot plant project?
There must have been a snaller group who worked cl osely
t oget her.

CHURCHI LL: Yes, | know themall to this day. Most of them
stayed at Shell wuntil they retired. One becanme a vice
president of Shell. Another was superintendent of a refinery.
They all did very well.

STURCHI O What were their names, just for the record?

CHURCHI LL: Ray Schneider, Donald MIler, Walter Kress, Ed
Hanudel , Em | Nasser, Hank Hendricks, Al Garner, and Harry
Wal ker are a few.

STURCHI O You nentioned that while working on that project
you felt that you could have known nore and nobody el se seened
to know what was going on. You also nentioned that the
supervisor had a Ph.D. in chem cal engineering. At that tinme
Ph.D.s in chem cal engineering nust have been relatively
scarce. Do you have any further comments about that?

CHURCHI LL: | was very inspired by these few people who
obvi ously knew so nuch about things that | hardly knew exi sted.
| didn't feel jealous of them | just wanted to enul ate them

MARCHESE: I n addition to the inspiration that you felt (which
may have influenced you to go to Mchigan to get a Ph.D
degree), what effect did your job have upon your |ater vocation
as a chem cal engineer?

CHURCHI LL: | think it had a very profound and | asting effect to
this day. | had a wide variety of experiences and a great deal
nore responsibility than an engi neer might have in nore nornma
times. They were forced to give us responsibilities that in
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normal times woul d have been given to people with ten or fifteen
years' experience. |If you're thrown into that kind of fray, you
benefit. | think this sense of urgency, and being pushed
rapidly into responsible jobs, influences ny teaching and ny

sel f-confidence to this day. The joke was that every tine you
did something well at Shell and just got on top of things, they
switched you to a conpletely different area of the refinery or
plant, and threw you in over your head again. | don't think
that that goes on now, sinply because there are nore capable
peopl e around and | ess urgenci es.

MARCHESE: Did you find the atnosphere at Shell different than
that at M chi gan?

CHURCHI LL:  Not really.

STURCHIO. There was quite a bit of that there, also.

CHURCHI LL: The atnobsphere was a product of the tinme. | can
renmenber having only been at Shell a year and being in a neeting
with two vice presidents and the refinery superintendent. Dale
Loeb, who was the assistant superintendent in charge of cat
cracking, started to abuse ne over sonme neasurenents on the cat
cracker. | was right, and sonme of the people recognized it and
said, "Do not let himintimdate you. He is no brighter than
you are. You're right and he is wong." That was a | ucky event
whi ch greatly enhanced ny reputation at Shell. | have had this
feeling all ny life of being |lucky under such circunstances.

STURCHIO. How |l arge was the pilot plant, and, eventually, how
| arge was the plant that went on-streanf

CHURCHI LL: The pilot plant processed perhaps three barrels
of oil per day, and the plant consisted of two units, each

for 15,000 barrels per day. That nust have been one of the
nost abrupt scal e-ups in history.

STURCHI O.  There nust have been a few problens connected with
t hat scal e-up

CHURCHI LL: There were nightmares, but mraculously the units
soon ran at capacity and as needed. They were

underi nstrunment ed because the governnment was trying to mnim ze
the use of valves, neters, etc. Those two cat crackers are
still running today.
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MARCHESE: Do you know if Shell was working in conjunction with
ot her oil conpanies? Standard O, for exanple, did a | ot of
work in catalytic cracking.

CHURCHI LL: Oh, yes. That project was joint with a group called
the CRR or sonething, that shared know edge on catal ytic
cracking. Shell basically adapted the Exxon process. Exxon had
a one-hundred-barrel -per-day sem -works plant and had started one
full-scale catalytic cracker before Shell. Al though we
cooperated, there was also a great incentive to do it our own way
and devel op patents on inprovenents.

MARCHESE: Did you interact with people fromthat conpany?

CHURCHI LL: | did not, although one of ny friends was our
liaison and went to neetings with Exxon and the others.

STURCHI O  You suggested that Shell was interested in devel opi ng
sone proprietary know edge. Wre there any guidelines as to
what woul d happen after the war, when this kind of cooperation
was rel axed?

CHURCHI LL: | think so. Shell was al ways | ooking at how we
coul d take Exxon's process and inprove it so that we woul d have
a better operation than they after the war. W were, however,
legally forced to share all that information. There were al so
construction conpanies that were internediaries and an attenpt
was definitely nade not to |l et them know how we were i nproving
the process so that they would not carry that information to our
conmpetitors and build in our inprovenents in the next plant.

MARCHESE: Did the federal governnent have a say in the work that
Shell did, or nore specifically in the catalytic cracking, via
f undi ng?

CHURCHI LL: As far as | know, there was no funding by the federal
government except for the purchase of the aviation gasoline. The
federal governnment acted as a central clearing house for
petrol eum producti on, and encouraged everyone to share this

knowl edge. In so doing, we were protected fromanti-trust action
We had ot her governnental interactions. | worked shortly,
perhaps even in ny first year, in devel oping an anti-rust
conmpound which went into turbine oil. This material was said to
be a decisive factor in Wrld War Il since it allowed our ships
to stay at sea indefinitely. If salt water gets in the fuel oil,
it eventually corrodes the bearings in the turbines, and the ship
has to conme in and be repaired. Sonebody at Shell discovered a
conmpound which prevented this. So Shell got a contract with the
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governnment to nake this material. Al they had was a | aboratory
result. Before |l arrived, they had started to build a pil ot
plant. | was told to try to inprove the process. | found a

di fferent nmethod of separation which increased the productivity
about one hundred tinmes. So the pilot plant itself, as

redesi gned, supplied all the fleets of the free world. Shel

never needed to build the plant itself. However, they had great
problens with the governnent because they had contracted to
produce so many barrels a day of the additive and it was clear
to us that one part in a thousand of the purified material did
the sanme thing. Shell struggled throughout the war trying to get
that specification changed to one of performance, but never
succeeded. So we put a few drops in the barrel of oil and no one
could tell the difference. Shell was not trying to cheat anyone
out of noney. It was just nonsense to nake a thousand parts of
sonet hi ng when you only needed one.

STURCHI O What was the conpound?

CHURCHI LL: It was a condensation product of a Cj-al cohol and
mal ei ¢ anhydri de whi ch was hydrophobic on one end and
hydrophilic on the other. It made a filmaround all the water
droplets in the oil so they do not contact the surfaces of the
beari ngs.

STURCHI O Did you have experience at Mchigan to prepare you
for that sort of work?

CHURCHI LL: Not directly. The scope of our education was |imted
and a good part of it involved reinforcenent. W |earned by

doi ng. Even the poorest student in the class could design a
distillation colum which would work. We were thrown into the

| aboratory with pieces of machinery and told to get sonme data.
Nobody hel ped, so we becane adept at putting things together with
baling wire. Although that was very frustrating, it also built a
confidence that we could do things. W did not run canned
experiments. | think these experiences helped in the |Iong run.

STURCHIO. Did your coll eagues from ot her prograns have
di fferent experiences?

CHURCHI LL: Yes. | don't know specifically how their education
di ffered, but ny coworkers had had quite different backgrounds

i n chem cal engineering. They knew nore about sone things and

| ess about others. Generally, | found their chem stry was
better but that | knew nore mathematics. Mst of them had not
had that "in the | aboratory, on your own" type of experience.
Those were hel pful things, but | think nost of my associates had
an adequate preparation.
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MARCHESE: | believe you started as a technical assistant for
the petroleumrefinery portion of Shell GI. D d you have any
other titles as tine went on?

CHURCHI LL: During this period, they first called us junior
technol ogi sts, and then they decided it would sound better to
the federal government when they were trying to get defernments
to call us technologists. That caused sone internal problens
because that had previously been a very senior title in Shell.
None of us were overly inpressed to have this title since we
knew it was only for external purposes. Titles were not a big
thing at Shell.

MARCHESE: What |ed you to | eave Shell in 1946?

CHURCHI LL: | had been thinking for sone tinme that | did not
want to spend the rest of ny life doing what | had been doing
there. | didn't see anybody at Shell with ny background doi ng

anything | wanted to do. The ultimte was to spend the rest of
one's life in that refinery or another refinery. Shell was a
very paternalistic conpany. |If you becane the superintendent of
the refinery, you lived inside the refinery gates. Every tine
an alarmwent off, you got out of bed and ran out to see what
was happening. To ne, this involved an over-commitnent of one's
life. |1 saw people who had been there for twenty years, who
were in the highest positions | mght aspire to. They were
spendi ng si xteen hours a day, seven days a week either working
for Shell or on call. | decided that wasn't for ne.

MARCHESE: How did you end up with the Frontier Chem ca
Conpany?

CHURCHI LL: One of ny coll eagues at Shell was the |iaison for
cat cracking with the other oil conpanies. His name was Curtis
Cannon, and in conjunction with two of his college classmates he
started a new chem cal conpany. The war had ended and therefore
| was free to go. | had been thinking about going back to
graduat e school, when he called and persuaded ne with quite a
raise in salary to go to work on this new enterprise. He

prom sed ne that after a year they woul d nake ne a stockhol der
in the conpany and | woul d becone part of managenent. He

descri bed the prospects for the conpany, and nade it sound
challenging. | liked himvery well and respected himvery nuch.
Also, | was prined for such an adventure, so | joined him

MARCHESE: What did you do at Frontier Chem cal?
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CHURCHI LL: It was in Denver City, Texas, which is at the end of
the earth. [laughter] There was not a natural tree to be seen
for two hundred mles. The high plains of Texas are al npbst a
desert. W started an electrochem cal plant. These people, the
friends of ny friend, were in the oil-well acidizing business.
They put hydrochloric acid down oil wells in order to inprove
the flow of oil. They bought the acid from Dow, who was their
conpetitor in providing acidizing service. Not surprisingly,

t hey occasionally had trouble obtaining delivery of the acid, so
t hey decided that they should either manufacture the acid
thensel ves or threaten to. They persuaded Cannon to | eave Shel
to ook into this possibility. He concluded it would be
econom cal for themto nmake their own acid. He then went down
to West Texas to start the plant. He had ordered all the

equi prent for the plant but nothing had been installed when I
arrived. The buildings were there, but that's all.

STURCHI O Had the plant been desi gned?

CHURCHI LL: The plant had been designed and a lot of it was
being delivered. | was the only engi neer besi des Cannon but he
al so hired an experienced nmai ntenance man from Shell whom | had
known slightly. W built and operated that plant with former
cowboys. Literally. Al the enployees had been cotton pickers
or cowboys. They had never been near a chemical plant. The
cotton farm ng was in such bad shape that they were | ooking for

any kind of job. This was not textbook engineering. | could
not have done that job w thout having been at Shell. | spent
the four years at Shell with other very good engineers. | was

continually |earning by hel ping people do things in a conpany
that was very high-tech. Shell was as good as any ot her conpany
in the country at that tinme in the use of advanced technol ogy.

Before arriving in West Texas, | had never |ooked at an
I nstrunent, except to take a reading. Wen the instrunments
arrived, there was no one around to ask for help. | had to get

the instruments out of the boxes, read the instructions, and
teach sonme cowboy how to assenbl e and get them working. Those
men were, however, very good with their hands and hard worki ng.

STURCHI O. What kind of process were you using to nmake the
hydro- chloric acid?

CHURCHI LL: It was a unique process. We drilled a water well.

We punped the water fromthat well back down another well into a
salt bed 2000 feet below the ground. The water dissolved the
salt and nade brine. W treated the brine with cal cium carbonate
and caustic soda, both of which we nmade. The treated brine went

i nto Hooker Type-S cells. An electric current was passed through
the cells, nmaki ng chl orine and hydrogen and caustic soda.
Everyone el se sells the chlorine and hydrogen. W burned the
hydr ogen and chl ori ne and made hydrochloric acid. W also
evaporated the water out of the caustic soda. W used a snul
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fraction of the caustic soda for treating the brine. W took CO
of f our stack gas and used that with caustic soda to nake the
cal ci um car bonate which we al so needed for treating the brine.
W were in the mddle of a natural gas field, and we coul d buy
of fgas for al nost nothing. W ran gas-driven conpressors to
generate electricity, and that's what we ran the cells on.

So we had no raw material entering our plants at all,
except the cells, which we bought from Hooker. W trucked and
sold all of the products within a fifty-mle range of our plant,
so this operation was phenonenally profitable. The nearest
causti c soda plant was at Freeport, Texas, which was eight
hundred m |l es away. Their freight was nore than our cost of
manuf acture. The nearest hydrochloric acid plant was in Dall as,
four hundred m | es away, and that product is eighteen percent
water. So, these conpetitors just gave up, and we suddenly had
the whol e of West Texas as our exclusive market. W could not
make enough product to neet the demand. W totally
under esti mated the nmarket.

MARCHESE: How | arge was it?

CHURCHI LL: | cannot remenber in tons. W had originally

si xteen and eventually thirty-two cells. The w sdom from Hooker
was that one had to have six hundred cells to be mnimally
profitable, but our operation was different in every respect and
very profitable even on such a snmall scale. On paper, our plant
was supposed to pay out in six nonths, but because of sone
delays in startup, it took el even nonths.

STURCHIO. It's still phenonenal.

CHURCHI LL: That is absolutely phenonenal. |In addition, we sold
raw brine. Actually, we could have shut the plant down, and
sold all of the brine for regenerating the zeolite treaters
everyone used for softening the water. Culligan picked up our
brine in trucks. They could not afford the cost of drilling a
well in conparison to our charges for the brine.

STURCHI O So that explains why Frontier Chem cal was in the
m ddl e of nowhere.

CHURCHI LL: The location was the key to its success.
MARCHESE: It sounds |ike a smashing success. Did Curtis Cannon

live up to his prom se and nmake you a partner?
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CHURCHI LL: No, but I have no hard feelings in that respect.
After | had been there | ess than a year he and his two partners
sold out and becane instant mllionaires. They had invested
$25, 000 and sold out for several mllion. Curtis Cannon retired
at about forty. One of the partners, Eddie Childs, now owns the
Houst on Astros, anong other things. The other is an executive
of the Republic National Bank in Texas. Actually, they made
mllions independently of the Frontier operation. Because by
acidizing oil wells, they knew where all the successful wells
were and | eased prom sing land in advance of drilling. They
ended up owni ng many acres adjacent to successful drillings.
They becane two of the richest nmen in Wst Texas.

MARCHESE: What did you get fromthen?

CHURCHI LL: Nothing financially. | left when inforned that they
pl anned to sell the plant. | would have been just an enpl oyee
of Vulcan Materials, the new owner. | was not forced to | eave,

but I could not see a promsing future there. That's when I
went back to graduate school

STURCHI O. The at nosphere of Frontier before the sellout nust
have been gratifying?

CHURCHI LL: Well, it was a gratifying acconplishnment but | was
right in the place that | wanted to avoid at Shell. It was a
24-hour-a-day job. You drove twenty-five mles to Seagraves at
the end of the day only to get a phone call to go back and spend
the night fighting sone energency. W blew up the plant once.
We had our adventures. The place was |ousy with rattl esnakes.
We even had a rattlesnake in our office. | don't know what
woul d have happened had Cannon stayed on.

STURCHI O How | arge an operation was it? How nmany people were
there relative to what you had been doing at Shell?

CHURCHI LL: Al told, there m ght have been twenty-five people
I nvol ved, counting all the operators, secretaries, and
accountants. It was a very small-scale operation as chem cal
plants go. The purchasers eventually expanded the operation
and built several other simlar plants.

MARCHESE: Wren't you tenpted to try to get sone venture
capital and repeat the operation sonmewhere el se?
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CHURCHI LL: No, exactly the opposite. | saw what had happened
to Cannon. He had been a very nice person and very relaxed. He
becane al nost neurotic because of the pressure of making that
operation go. For along tinme it was very touch and go. He had
people waiting for our products |ong before the plant was
runni ng. However, it did not change his relationship with ne.

[ END OF TAPE 1, SIDE 2]

CHURCHI LL: | could not see nyself in that life style.
Eventual | y Cannon started another simlar successful venture
in New Mexico and | had sone further involvenent with himas a
consultant. That plant was al so very profitable.

STURCH G Wen was that?

CHURCHI LL: At the tinme | was com ng to Pennsylvani a, about
1967 or 1968. | also revisited the original plant at West
Texas at that tine.

STURCHIO Would you like to tell us about the tine you blew the
plant up in West Texas? |s there anything else to say about it?

CHURCHI LL: There were trenendous el ectrical storns out there
and we had frequent trouble with Iightning knocking out our
power. We were floating on the |ocal power plant, and when we
gener ated excess power it went to them One night there were
per haps twenty power failures. Every time our operation or
theirs would crash we were out in the stormtrying to straighten
things out. During one of these power failures, the hydrogen
and chlorine flashed back and bl ew up many of the cells. |
remenber watching the cells going up in the air--they | ooked
i ke giant ice creamcones. Nobody was hurt, but a |ot of

equi pnment was ruined. W soon put things back together.

STURCHI O  This process was Cannon's invention. Wre there any
patents, or did he keep it as proprietary information?

CHURCHI LL: | do not know whether or not there were any patents
on that first process; probably only on peripheral aspects.

STURCHIO. At Shell, did you get involved in patent activity?
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CHURCHI LL: Wen | was at Shell | once took some sanpl es during an
upset of a butane i sonerization plant. The product | ooked peculi ar,
and | found that we had nade neohexane, which at that time no one

knew how to nake econom cally. | went back to the | aboratory and
found t hat when t he catal ysts we were using for butane i sonerization
becane sl udged they woul d make neohexane preferentially. | wote

a prospectus for a patent, but Shell decided they wanted to
i nvestigate the process further in Eneryville. After | was

wor king for Frontier Chemical | was readi ng Hydrocarbon
Processi ng one day, and there was the patent --exactly as | had
witten in ny notes, but without ny naneonit. | wote a letter
of inquiry to Shell, but | didn't get an answer fromthem |

realized | would have to sue, but there was nothing to sue for
since | would have been obligated to assign the rights to Shel
anyway. Al | wanted was fair credit. | was sonmewhat irritated
because they put sonme people's nanes on the patent who obviously
had nothing to do with it. | didn't even know t hem

STURCHIO. | can understand that. Speaking of Enmeryville, you
said that while you were still at Shell, you didn't see nuch
novenent other than up the ranks at that particular refinery.
Was there nmuch novenent out to the devel opnent conpany in

Cal i fornia?

CHURCHI LL: It was very unusual to nove fromthe operating
conpany, Shell G, to Shell Devel opnent. They were two
essentially separate conmpanies. Although | worked for Shel
Research when | worked at Houston--which was part of Shel

Devel opnment--1 was just on loan there. | really didn't think
that this was a possibility. Also I'mnot sure that wwth only a
bachel or's degree | knew enough to be confortable in a research
organi zation. Wen | informed Shell that | was going to | eave,
gi ving sixty days notice, they wanted to know why | was | eavi ng.
They found it inpossible to believe that I wasn't put off by
something. They immediately offered that if | wanted to go to
their New York office or even to Eneryville, they would be gl ad

to arrange it. However, | had nade an ethical commtnent to
Cannon. | often wondered if | had previously gone in and said
that 1 wanted a different assignnment, whether they would have
made that offer or not. | doubt it. However, | have no regrets

in that respect.

MARCHESE: Did Shell or other conpanies have the policy of

t aki ng prom sing young nen and gi ving them an advanced
education, so that in tine they could have had advanced degrees,
if they had stayed with Shell?

CHURCHI LL: No. W asked. | started to take one course at
Washi ngton University when | was with Shell, but | was swtched
to shift work and couldn't go anynore. | had to drop out in the

m ddl e of the course. Shell did not encourage such efforts.
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They said that if you had so nmuch tinme and energy |eft over,
they would find something additional for you to do. This nmay
not be their current attitude.

STURCHI O You decided after the sellout at Frontier Chem ca
that there was a restless feeling. You felt that naybe you did
want to go back to Mchigan after all. Was there any thought
about goi ng sonewhere el se? Had you naintained contacts with
the faculty at M chi gan?

CHURCHI LL: 1 had not naintai ned much contact. | had seen sone
of the people at AIChE neetings. | had talked to Katz in maybe
1945 at the AIChE neeting in St. Louis about the possibility of
com ng back for graduate work. He said, "If you're interested,

why don't you wite to ne?" Wien | decided to go back to
graduat e work, which was maybe six nonths before the transfer

of the conpany becane effective, | wote to Katz. | also wote
to Love. | was at that tinme torn between going back to

chem cal engineering or to mathematics. | actually had perhaps
nore formal advanced preparation for mathematics. Cyde Love
said I would be foolish to do this. [If anything, the five

years' experience would be | ooked at as a negative factor by
mat hemati ci ans. On the other hand, it would be an inval uable
asset for chem cal engineering. So, that's what | did.

MARCHESE: And you returned to Mchigan in 19477

CHURCHI LL: Yes.

MARCHESE: Were there other reasons why you went to graduate
school, other than the disenchantnment with the lifestyle of
t he person who advanced at Shell?

CHURCHI LL: At both Shell and Frontier, when | becane invol ved

in things, | would never get to conplete them | was often very
Interested in inproving sonething. |In the urgency of
operation,if something is working, you leave it al one and do
sonmething else. | thought | would rather do research or
teaching. That was really ny notivation for graduate work.

When | considered mat hematics, | was thinking only about

t eachi ng.

MARCHESE: WAs there a strong attachnment to becone an educator,
rather than an industrial chem cal engineer?

CHURCHI LL: | had not nade a decision as to whether | would
do research in industry or teach. 1 was hoping for a faculty
position, but I was not well informed about such

opportunities.
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STURCHIO. O course, there were urgent opportunities in the
chem cal industry at that tine. Ws that part of your thinking,
that if you went back and got your Ph.D., you would be able to
wite your own ticket?

CHURCHI LL: | thought that even if | went back to Shell, | would
have a nmuch better position. | had confidence that with a Ph.D
| could obtain a nore satisfying job.

MARCHESE: You got your M S.E. in 1948?

CHURCHI LL:  Yes.

MARCHESE: Did you becone a research assistant while you were
getting your MS. E., or after you received it?

CHURCHI LL: | used ny savings to go to graduate school the first
year, took all course work and conpleted the nmaster's degree in
t hat one year

MARCHESE: D d you find that the departnent had changed over the
four years? Wre there different personnel? Was the atnosphere
different?

CHURCHI LL: Well, there was probably a fifty percent turnover,
but I knew nost all of the faculty at | east by nane. Many of
them were either former graduate students who were around when |
was an undergraduate, or former faculty. R R Wiite, wth whom
| eventually worked nore closely than anyone el se, was new. Joe
Martin and G Brymer WIlians cane that sanme year. O course,

Brown and Katz were still there, and Brier and Foust were back.
So, | knew al nost everybody. They didn't know nme particularly
well, but | felt quite at hone.

STURCHIO.  This would be a good tine to talk about the inpact of
appl i ed mat hematics on chem cal engi neering around that period.
By then there had been Sherwood and Reed (11) in 1939, and
Marshal | and Pigford's text in 1947 (12). MT and M nnesota had
begun courses on applied math. Back in 1948 M chi gan produced
one that Martin taught.

CHURCHI LL: Yes. | took that course the first tine it was
offered. W used the books of both Sherwood and Reed and
Mar shal | and Pi gf ord.
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STURCHI O There nmust have been a sense that sonething was
happening in chem cal engineering with all this going on.

CHURCHI LL: | was absolutely stunned by the changes that had
taken place in five years. |If | had had any sense at all, |
woul d have gone back and done a year of undergraduate work

i nstead of going directly onwards, because the curricul um had
changed overwhelmngly in that period.

MARCHESE: I n what way?

CHURCHI LL: They were now teachi ng engi neering thernodynam cs,
reacti on engi neering, and applied mathematics. The faculty
menbers at M chigan were in the process of witing a book on
unit operations (13). There was a great step forward. Al nost
every undergraduate course was unrecogni zabl e.

STURCHIO. Do you think it had anything to do with the war years
and the problens of scale-up in various kinds of enterprises,

i ke the catal ytic cracking work you had been engaged in? Had
the faculty at M chigan had simlar experiences that led themto
reconceptual i ze the way they wanted to teach?

CHURCHILL: | think it was nore a transition of a generation of
people. Katz and Foust and Brown, who were in a sense the ol der
school, but not that old, were receptive to change. The younger
generation of Ph.D.s--York, Brownell, Banchero, R R White, J.
Martin and Sliepcevich--had studied a | ot of mathematics and
engi neering science. These people brought in nmuch new materi al.
Al so, several sem nal textbooks had appeared. Hougen and Wat son
was the first book on chem cal reaction engineering (14) and
Sherwod and Reed and Marshall and Pi gford, perhaps the first
ones on applied nmat hemati cs.

MARCHESE: Did you find that what was being taught fit nicely
into chem cal engineering problens, or was there an awkwardness
initially?

CHURCHI LL: Joe Martin was one of the great all-tinme teachers,
and so | never felt any awkwardness with him O course, | was
overprepared for his course. This may have been a great stroke
of luck. Wen | canme back | had nmuch nore nmat hematics than any
ot her student. Martin and | had instant rapport in that regard.
Even as a student | hel ped to devel op that course.

STURCHI O How many students were in the progranf?
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CHURCHI LL: When | went back to graduate school that year, there
may have been two hundred graduate students in chem cal

engi neering at the University of Mchigan. | had graduate
classes with fifty or a hundred students. | probably woul d have
been psyched out in advance if | had anticipated this. They
were al nost all veterans who had returned to school on the G1.
Bill. This influx was caused by a five-year backl og of people
with full financial support. Al these people knew they needed
retraining. At first |I felt totally out of place, but the five
years of industrial experience saved nme. Because of ny

background in mathematics | inmedi ately plunged in and took nore
mat h courses and obtai ned the equivalent of a nmaster's degree in
mat hematics at the same tine. | was very rusty in

t hermodynam cs. | took the graduate course in engineering

t her rodynam cs wit hout the preparation of an undergraduate
course. This was a traunmatic experience. The next senester,
went back and sel f-studi ed the undergraduate course and did al
the problenms I could find because | realized | would have to
pass the qualifying examon that nmaterial. |1 was also self-
studyi ng the undergraduate notes on unit operations, all of
which was totally newto ne. W weren't covering that in
graduate courses, but | felt that if I didn't do all that
background work | woul d never catch up with the other students.

MARCHESE: What kind of mathematics did you find in that course?
What were you being taught to apply?

CHURCHI LL: | would say Marshall and Pigford as well as Sherwood
and Reed were typical of the types of things we were doing. W
were sol ving problens in conduction, convection, distillation,
and separations using Fourier series and Laplace transforns--the
ki nd of things that are now standard mat hemati cs for engineers.
Qur undergraduates at Penn now study what | took then as an
advanced course.

STURCHIO. What were the texts in your thernop courses and in any
ot her courses you took in your first year of graduate school, in
addition to the applied math texts? Ws it the sanme generation
of texts that Brown used before?

CHURCHI LL: No text at all. Brown didn't |lecture. He used the
Socratic nethod of asking questions. | was bew | dered, because
I didn't know where they were comng from-except for the hone
problens. | was really desperate. Fortunately, the year before
| cane back to graduate school, | bought Dodge's Thernodynam cs
(15) and self-studied it. Although | couldn't read it with
conmpl ete understanding all by nyself, it was still a big help.

Al so, | had bought Ruel Churchill's books on conplex variabl es
and nodern operational nmethods and had sel f-studied themas well
(16).
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STURCHIO. That is while you were at Shell and Frontier?

CHURCHI LL: At Frontier.

STURCHIO. Is that Churchill any relation to you?

CHURCHI LL: We once decided that we are probably sixth or
seventh cousins. Qur famlies cane to the United States and
M chi gan by the sane pat hway.

STURCHIO. At that tinme were other engineers in equival ent
positions to you in industry doing simlar things? Wre people
readi ng on the outside? At Frontier, you nmust not have had a
large library to consult when you cane up with a probl em

CHURCHI LL: The nearest library was ninety mles away in

Lubbock. So | didn't really use the library. | just ordered
books through Urich's Bookstore at Mchigan. | had witten back
to Katz and Love and asked what books | m ght study. Katz
suggested | study Dodge.

MARCHESE: In 1948 and 1949 you were a Research Assistant, and
in 1949 you becane a Research Associate. Wat was the
di fference, and what were the responsibilities?

CHURCHI LL: It was sort of a pronotion. During the war, J. C
Brier was in charge of Southwestern Proving G ound in Hope,
Arkansas, where they tested ammunition. Wen he cane back, he
had had a contract with the Army Chemi cal Corps to study the
ignition of propellants, with which he had a great deal of
trouble. He offered ne a job working on that contract, and I
actual |y devel oped ny doctoral thesis out of sone of that work.
He had three or four other people on that project. Two were
physicists and the others were chem cal engineers. | guess he
was pleased with ny work, and he pronoted ne so | would have
nore noney the next year.

STURCHI O Did you continue that when you started to teach?

CHURCHI LL: Yes. In 1950, Brown invited nme to be an instructor.

| guess | made a good inpression on certain people, because Katz
| ater told me that Brown had suggested hiring sonmeone el se and
he said, "Why don't you hire Stuart Churchill?" 1 plunged into
teaching the next day. | really felt over ny head. Brier was a
little unhappy because | was already commtted to working full-
time for him So | went half-tine on the research and half-tine
on teachi ng.
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STURCHI O  What kind of course |load did you have?

CHURCHI LL: The first senester | only taught two sections of
stoichiometry. However, | realized that | was very unprepar ed.

I did not want that to happen again. So after a week | went in
and asked Brown, "What am | going to teach next senester?" He
said, "Maybe the unit operations course.” So | thought | would
sit inonit. | walked into Katz's class, and he saw ne sitting
in the back. He said, "Are you back there to | earn about
teaching?" And | said, "Yes." "Well," he said, "Wen |I'm away,
Il will let you teach this course.” | never saw him again
[laughter] | taught perhaps half of the classes for the rest of
t he senester because he was involved with sone consultation out

I n western Canada involving tar sands. Sliepcevich, who was
teaching the other section, found this out and | ended up taking
many of his classes as well. | really didn't dare say no
because | so desperately wanted to becone a faculty nenber.

That was a difficult but inspiring tine.

MARCHESE: At the sane tinme you worked on your Ph.D. research?

CHURCHI LL: Yes. | joked about working half-time on ny research
project, full-tine teaching, and half-tinme on ny thesis during
that period, and that's sort of what happened.

STURCHI O What books were you teaching fronf

CHURCHI LL: In the stoichionmetry course, | taught out of Hougen
and Watson (14). But in the unit operations, we used the notes
t hat becane Brown and associates (13). They were in sort of

hal f - baked form Then | taught thernodynamcs with Martin, and
| think we only used his notes. That was the classical
procedure at M chigan, which | guess | have always fallen into.
These peopl e al ways passed out notes. They were always witing
a book.

STURCHO Well, it seenms to be common in many areas. W just
got a set of notes for Fred Billneyer's textbook on pol yner
chem stry that was passed around in the early 1950s, before it
becane a book (17).

CHURCHI LL: | later used Transport Phenonena by Bird, Stewart
and Lightfoot (18) inits prelimnary note form on a trial
basi s.
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STURCHI O I n many cases, when you sent information to the
authors, did you find that they did try to revise the text on
the basis of the feedback?

CHURCHI LL: Oh, I'msure. | certainly appreciate such
suggestions, particularly when sonmeone wites thirty or forty
pages of corrections and comments. Although to tell you the
truth, Bob Bird never acknow edged the fifty or so pages of
corrections which I sent him but that nmay have been just an
over si ght.

STURCHI O By 1950, you're working on your thesis, working with
Brier, teaching what seens to be an overload of introductory
cour ses.

CHURCHI LL: That was probably nmy worst senester. | was able to
taper off after that, but | was always involved in a course or
two | hadn't taught before. For instance, as | said before I
had studi ed engi neering thernodynam cs for the qualifying exam
but | had never had an undergraduate course. As an instructor
in that course | had to be a student as well as a teacher. |
was sitting in on the |lectures on new naterial one day and
teaching a recitation section on themthe next. | was also

t aki ng graduate courses at this time. At Mchigan, the students
took an incredible | oad of graduate courses at the doctoral

| evel, a practice which seens to have vani shed at nost school s,
i ncluding Penn, which is | think a | oss.

MARCHESE: Were you being graded for them or did you just audit
t henf

CHURCHI LL: Gh, no. W had to take for credit courses in depth
in at least two other fields, such as physics, chem stry and
mat hematics. Beyond the master's degree we al so had to take
perhaps six to ten courses in chenical engineering itself.

MARCHESE: What portion of your tinme were you able to devote to
your dissertation?

CHURCHI LL:  Not nuch during the academ c year, but part of ny
work as a research associate was conplenmentary to ny doctora
research, because a | ot of the equi pnent was used

si mul taneously. Al so we worked | onger hours in those days. The
graduat e students were al ways around the building until

m dni ght. Things have really changed in that regard.
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STURCHI O  Who were your fellow graduate students at the tine?

CHURCHI LL: | know where nost of them are today and see many of
themperiodically. Mtt Glkeson is currently with the ASEE in
Washi ngton, Herb Wbl fson, Bill Doerner and C aude Corty work for
Du Pont in WImngton, JimKnudsen is at Oregon State, Ed Young
is on the faculty at M chigan, JimKohn at Notre Dane and Cheddy
Sl i epcevi ch at Okl ahorma. Jake Eichhorn and Dale Biggs are with
Dow at M dland. W have stayed fairly close because we see each
other periodically at Al ChE neetings. M fellow graduate
students are one set of people wth whom | maintained a
continued association. Next to ny own doctoral students, they
are nmy best and | argest group of friends. The sense of

camar aderie was very, very high at Mchigan. W worked, ate and
rel axed together. W studied and phil osophi zed t oget her.
Despite the very | arge nunber of people, that was one big happy
famly.

STURCHIO. Did the faculty get in on this as well?

CHURCHI LL: | knew all of the faculty but | ess personally. They
were fairly sociable. W went to a fewsocial functions with
t hem

MARCHESE: Did they nell ow because you were a graduate student?

CHURCHI LL: Yes. There was a great social distinction between
bei ng an undergraduate and a graduate. The faculty paid little
personal attention to the undergraduates outside of school, or at
| east to me when | was an undergraduate. As a graduate student
you becane part of the famly. And | think that's true to a

| arge extent at nost places and in varying degrees to this day.

STURCH O In 1952, you and Knudsen taught a course on heat
transfer and fluid flow D d that cone out of your research, or
was a course needed on that?

CHURCHI LL: Katz and Foust had been teaching a heat transfer
course for along tine. | felt what they were covering was old
hat and out of date. Knudsen had been doing a graduate seni nar
in which he worked with Katz in conpiling the results of the
research on heat transfer at Mchigan. He was in the process of
witing a book on heat transfer which | ater becane very well
known (19). Katz decided that year that we shoul d each take
responsibility for a third of the graduate course on fluid flow
and heat transfer, and in that way we could spend a lot of tine
putting in new material. He wanted to change the course from one
end to the other, and that's what we did. That effort didn't have
much relationship to nmy research. It nostly cane out of self-
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study. | particularly helped to upgrade the mathenatical parts.
Maybe a year later, | participated in a semnar with Myron
Tribus. Technically that was perhaps the nost profound
experience in ny life. He opened up a whole new world to nme in
heat transfer. W picked new technical things that were com ng

out inthe literature to self-study and report on. It was a
great self-education. This was a quantum junp in what we or
anyone el se had been doing. | won't say it was the nost

advanced course in the country, but it reached the |evel of the
nost advanced work in the world at that tine.

STURCHIO. It seens that your paper on "Sonme Fundanental s of
Energy Transfer"™ was significant (20).

CHURCHI LL: No. | don't think that was a very significant
paper. It just happened that Foust was supposed to give a

| ecture at an ASEE neeting, and about two days before the
neeting he came and said, "I can't go. Wy don't you give the
paper?" And | said, "On what?" And he said, "I haven't
prepared anything, so why don't you wite sonmething." | wasn't
prepared to do anything profound on such short notice.

MARCHESE: Were you considering a teaching career during this
time?

CHURCHI LL: Yes, informally, because during that whol e peri od,
from 1947 through 1952, | was exam ning what the faculty were
doi ng and thinking how!l would do it differently. By 1950, |

was commtted to teaching as a career and hoped that | would

have a permanent job at M chigan

MARCHESE: Could you talk a little nore about your work with
Brier?

CHURCHI LL: Well, Brier was of another generation, but he was
supportive. He had good chem cal engineering judgnment, but he
really just let me do what | proposed. | did have other people on
my conm ttee, including Katz and Foust who were nore

know edgeabl e i n heat transfer. M/ thesis was not reallyin Brier's

area. | defined this problemwhen we were doing classified
research on propellants, as sonmething that could use the sane
equi prrent and still be publishable. The problemstill exists

with projectiles and solid rockets. How do you ignite the
material? We were studying the flow of the hot gases from bl ack
powder. | realized there was no data in the literature for heat
transfer at |large tenperature differences. There were data that
I ndustry used for a hundred-degree di fference, but no correl ations
or data for a thousand-degree difference. That's what | studied,
using the hot gas stream designed to ignite the propellants. |
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read the literature and decided it would be nice to nmeasure the

| ocal heat transfer coefficient, the rate of variation of the

| ocal heat transfer coefficient around the cylinder, since that
rather than the overall coefficient controls ignition. There had
been only two or three such |local nmeasurenents in the literature,
perhaps two in Germany and one at MT.

STURCHI O So this 1955 paper on the convective heat transfer
from gases at high tenperatures was the work you carved out
of the work for Brier (21)?

CHURCHI LL: Yes. There are other things that came out of that
proj ect too, including the paper on the ignition of
propellants with Brier (22).

MARCHESE: |s this problemconsidered to be of interest to
chem sts?

CHURCHI LL: | guess the answer to that is yes. The work was
first sponsored by the Arny with howitzers in mnd and | ater by
the Air Force and the Navy. One year the Arny decided to drop
sponsorship, and at the sane neeting the Navy and Air Force
turned up and said, "W're interested in that work because of
its applicability to rockets.” Then the Arny decided it wasn't
so bad after all. | think the problemis still being worked on.
You don't see much of the literature because it is classified.
Many people, particularly the Russians, are still publishing
articles on this subject. At what tenperature will a solid
conposed of nitroglycerin and nitrocellul ose ignite, and how
long will it take to ignite? This is a very critical problem
anytime you shoot anything, whether it's fireworks or a shotgun
or a howitzer or a rocket. W identified a few effects that

ot her peopl e had not--the conposition of the gases, the |evel of
the gas tenperature, and the velocity of the gas. One other
student, Charles Thatcher, also got his Ph.D. on this work. He

Is now at the University of Arkansas. | never worked on that
problem again after | finished ny doctoral thesis, but I
sonmetimes still read the literature.

STURCHI O  You finished this all by 1952. Wen did you get the
of fer as assistant professor?

CHURCHI LL: | don't renenber the date of the formal offer, but I
remenber Katz saying they woul d make nme an assi stant professor
inthe fall if | finished ny Ph.D. by May 1. | had a tenporary

appoi ntnment in the spring, and they were probably making up the
faculty lists for the fall.
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STURCHI O Al t hough you dropped that train of research, the interest
in heat transfer did overlap with the sem nar you nenti oned.

CHURCHI LL: 1've been doing related work on heat transfer and
conmbustion all nmy life. But sonething el se happened that caused
me to make a major change in the direction in ny research at that
time. Sliepcevich, who was a good friend as well as a nenber of
the faculty, had turned in a proposal to the Arnmed Forces Specia
Weapons Project. They were | ooking at assessing the effects of
thermal radiation from nucl ear weapons on the popul ation; in
particul ar, whether it was possible to shield people from nucl ear
weapons by using fogs or snoke screens. This may sound trivial
now, but with a Hiroshima-type bonb that m ght have been possi bl e.
At the time Sliepcevich was about to go on | eave to Monsanto for
a year. He cane to ne and said, "I don't really think | want to
get into this, but they've come and begged ne tw ce.”

[ END OF TAPE 2, SIDE 1]

CHURCHI LL: [Victor K] LaMer was a fanmous physical chem st at
Colunbia. He and two or three others were on an advisory

comm ttee and they decided the United States shoul d undertake an
effort to evaluate this protective process. They asked

Sl i epcevi ch because he had done work on snpoke screens during the
war. He refused. Then they cane back and said, "W nust have
some new bidders on this project.” So he cane to ne and said,
"Listen, I'mgoing to be away, so how about hel ping nme put this
together. W wll double all the costs, so we're sure we won't
be given a contract.” W turned it in, and they decided to |et
us do the work. There were |lots of repercussions over this
because we were the high bidder. But the reviewers apparently

t hought we had a different and prom sing approach. Hoyt Hottel
was one of those on the board. They apparently wanted badly to
get some new blood into the work. Specifically, we were trying
to predict how nuch of the thermal radiation froma nuclear
weapon cones through snoke screens to the ground.

It was a frantic period of working and cal cul ating, and we
di scovered we had a great need for better conputing nmachinery.
Large-scale digital conputers were just com ng al ong and we were
continually pushing at their frontier in this work. Qur first
conputers were | BM Card Program conputers which we had to wire
on the back of the board. The conputer nerely processed punch
cards. At that time John Carr was building a new conputer at
M chi gan and he said, "This is just the type of problemthis
conputer is being built for."” That conputer never did work in
time for us to obtain any results, but we did one way or the
ot her obtain solutions to the problem of scattering through the
at nosphere. One difficulty was that the students did not have
any clearance at all, and this work was classified "top secret.”
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[laughter] So we posed the problem as sunlight com ng through a

cloud. It's really the sane problem So, all these uncleared
students were working on this super secret project not know ng
what it was all about. It was ridiculous to hide all our papers

and notes, but the mlitary did not take a | oose view of that
kind of thing. Sliepcevich never did conme back to stay.

STURCHI O He stayed at Mnsant 0?

CHURCHI LL: He stayed at Monsanto for a | onger period than
expected, cane back briefly, then went to Cklahoma. | inherited
all of that research.

MARCHESE: Quite a bit of your early research dealt with
radi ative scattering. | counted seventeen articles published in
the first ten years.

CHURCHI LL: They all came out of or were inspired by that work.
We were devel opi ng theoretical nethods. These were very
exciting days. [Subrahmanyan] Chandrasekhar, who won the Nobel
Prize this year, was one of our consultants on the project. He
had devi sed one of the elenentary solutions for this problem

It was very inspiring to work with people of that caliber. 1'm
afraid that sone of this work we are tal king about nmay have
contributed to the continued controversy over contam nation of
people in Nevada by fallout. | was in a discussion with several
general s when one said, "Wat would happen to a cloud if one of
t hese bonbs went off inside it?" Of the tip of ny tongue |
said, "Nothing. The cloud will still be there when the

expl osion is over." They thought this was absol ute nonsense.
They decided to run a test to disprove ny assertion. It proved
we were right. | remenber getting a phone call, and this guy
said, "The cloud is still there." [laughter] The reason is that
very little of the thermal radiation is absorbed by the droplets,
and that just dunps to the air. The only way you can evaporate
the droplet is to heat up all the air. There is a lot of air

and after the fireball, which only Iasts a second or two, the
air hasn't becone very warm and the drops are still there. Later
we published a paper in that regard (23). | had trouble getting

cl earance, even though it never nmentions the word "nucl ear.”

MARCHESE: While we're still onthetopic of radiation, inthis area
you publ i shed nostly with Chiao-Mn Chu and G C. Clark. Wuld you
like to elaborate a bit on their effect on you and vice versa?

CHURCHI LL: Yes. Chiao-Mn Chu was a doctoral student in
el ectrical engineering at Mchigan. W had two desk conputers,
the type you hand punch. That's what we were using initially.
He cane by and asked if he could use one of them W said,
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"Yes," and "Wat are you working on?" It turned out that he was
wor ki ng on a problem of radar scattering. W started conparing
notes and found out that we were really working on the sane
fundanental problem W devel oped a trenendous rapport and
interaction. W worked together on research for maybe five or
ten years. He never had security clearance, which was al ways a
touchy problem He is a true genius and a |lot of the things
that he did were a great contribution to the field. He was
really an intuitive mathematici an.

| renenber tal king about this work with [ George E. ]
Unhl enbeck at M chi gan, a fanobus physicist who di scovered the

spin of the electron. He said, "Well, | amglad engineers are
wor ki ng on this problem because it's insoluble, and the

physici sts woul d know better." Peter Debye was then at

M chigan. | used to talk to himabout our work some afternoons,

but I couldn't tell himexactly what | was working on. He gave
us sonme very good suggestions and was very supportive. Chu is

now a professor of electrical engineering at Mchigan. 1've
seen hima few tinmes, and we wite Christmas cards, but that's
about all. George Cark was initially a doctoral student of

Sl i epcevich who switched to ne when Cheddy left. He did sone of
his thesis on this project. W sinulated a cloud with an
aqueous di spersion of latex droplets with the same index of
refraction. He determned the effect of proximty of the
particles in such a dispersion.

MARCHESE: You had nentioned previously that the funding for the
research, at |east before the war, did not involve the federal
government. Can you tell ne the ratio of research being done
for the federal government and the private sector?

CHURCHI LL: Right after the war, the mlitary services had high
budgets which they did not wish to | ose. They deci ded that
because of their experience with the atom c bonb, radar and the
proximty fuse, that it mght be worthwhile to invest in
research. In the period i mediately foll ow ng 1945, nost of the
engi neering research in the United States was sponsored by the
Departnent of Defense. Oten it had only casual mlitary
inmplications. | think they |ooked at this research as an
investnent in public relations with the academ ¢ community. For
the first fifteen years, perhaps ninety percent of ny research
was sponsored by the mlitary. Al though two of the itenms I
mentioned had direct mlitary rel evance, nost of the others did
not. They sponsored ny early work in conbustion and said they were
only interestedinincreasingthe state of know edge in that field.

MARCHESE: But what did the private sector do in order to get
its share of research?
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CHURCHI LL: Wien | started ny career there was $1 nmillion a year
i n sponsored research, nostly industrial, at the University of
M chi gan of which $700,000 was in chem cal engineering. A few
years later, the total figure was $14 nmillion. By then chemnica
engi neering had about $1.2 mllion and the industrial research
conmponent was about $800, 000, but it never went up thereafter.
Then Sput ni k canme al ong, and the National Science Foundation put
noney in. So industry didn't exactly quit, but they never

i ncreased their participation. They still had great inpact upon
what was done because we all wanted to do work of industrial

I mport ance.

STURCHIO. Was it in 1952 when you began the scattering project?

CHURCHI LL: | believe so. You could |ook at the publications.

MARCHESE: You had four publications on nmultiple scattering.

CHURCHI LL: That was in 1955, so | think we started the work in
the fall of 1952, at the | atest 1953.

STURCHIO. Did you keep up your contacts wth Chandrasekhar,
Unhl enbeck, and Debye during this tine?

CHURCHI LL: Well, they kept up as long as | was at M chigan. |
visited with Chandrasekhar when he was here a couple of years
ago. Unlenbeck |eft Mchigan at about the sane tinme that | did

and went to the Institute for Advanced Study. | haven't seen
himsince. | think he has since died. Debye left and went to
Texas, and then Cornell. The last tinme | talked with himwas at

a light scattering conference at C arkson about 1960.

MARCHESE: Your publishing in |light scattering ceased about 1965.

CHURCHI LL: Eventually | turned this effort into industrial

chem cal engineering. Bert Larkin and John Chen (now chairnman
of chem cal engineering at Lehigh) did nonmlitary research on
radi ative transfer. | then turned to natural convection and
conbustion, partly because of Bill Martini. Bill was the only
student that | ever had who wal ked in the door with his own
doctoral problem He had worked for North American Aviation
bui |l di ng nucl ear reactors. One blew up because of a hydrogen-
oxygen expl osion, nuch like the potential one at TM [Three Mle
I sl and] .

MARCHESE: 1s that the paper you wote with Martini in 1960 (24)?
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CHURCHI LL: Yes. The first one was in 1957 (25).

MARCHESE: Then a revised version was published in 19607

CHURCHI LL: Yes. He was one of ny first students. He started
about 1952 or 1953. Bill wanted to study how to put hydrogen
and oxygen back together again slowy and w thout any noving
parts. Sonebody had the idea of a platinumcatal yst and a
condenser. He conceived this horizontal, cylindrical reactor in
whi ch the hydrogen and oxygen would rise and react with platinum
al ong one vertical wall. The heated, reacted gas woul d then
rise further, pass down over the cooled surface of the other
side of the cylinder, condense and drip back into the nucl ear
reactor. That is the problemthat we intended to study.

Bill was the first person to attenpt to solve the problem
of two-dinmensional natural convection using a conputer. The
computer we had that year, an |IBM 601, was not really big enough
for this problem So we used experinental tenperatures to solve
t he nmonment um equati ons, and experinmental velocities to solve the
energy equation. The conputed results agreed with his data. It
wasn't a conplete solution, but we had proved that the equations
represented the physical behavior. People were not sure at that
ti me whether these equations really defined the behavior. The
next student who canme al ong was David Hel luns. He had a bigger
computer and he solved the entire problem That was the first
paper ever on that subject (26). It is still cited frequently.
Hel l uns invented or first utilized many of the nethods that are
used to this day for numerical integration

STURCHIO. Were you using finite-difference nethods because that
did cut down on the size of the conputations?

CHURCHI LL: We had non-linear partial differential equations to
solve. W didn't know any anal ytical nethod to solve them |
had | earned in mathematics that it was possible to carry out
such solutions for (linear) conduction problenms. W were rash
enough to think we m ght be able to do so for convective (non-
linear) problens. It turned out that in 1928 Thomin Engl and
had sol ved a forced convection problemusing this nethod, but we
were not aware of his work. So we faced a conpletely new
problem Also, the problemof natural convection is nuch nore
conpl ex than that of forced convecti on.

MARCHESE: Speaki ng of conputers, |I'd |like to know what caused
you to use conputers?
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CHURCHI LL: Sliepcevich is responsible for that. He had a
student nanmed [R. O] Gunprecht who used a conputer to eval uate
l'ight scattering functions by the summation of series of pure,
mat hemati cal functions, which he also had to conpute. Because

It was during the war, they conputed these functions in connection
wi th snmoke screens. They had thus put their foot in the door
using conputers, and that's why the mlitary called Sliepcevich
about the radiative problem That's what forced us into using
conputers. However, the problem of natural convection involved a
conpletely different kind of computation. | knew we could solve
the linear partial differential equations, so we just bravely
tried the non-linear ones and Hel |l uns found a way.

STURCHI O Where did you get the noney to buy a conputer? Since
it was so early in the devel opnment of |arge-scale conputers, it
nmust not have been a sinple matter.

CHURCHI LL: We didn't need to buy a conmputer or even spend funds
for conputation. That was an entirely different era. Since the
conputer was there you could use it just asthelibrary. Eventually
we had to worry about funding. Martini's work was unfunded. The
i ght scattering work was funded. Hellums work was not funded. In
fact, Helluns was supported on another project. David Helluns
Is the only student of m ne who nmade four or five fundanent al
contributions. He developed a nethod for sinplifying partial
differential equations. He was the first person to solve both
two- and three-di nensional natural convection problens with a
conmputer and after he went to Rice, he developed a fluid
nmechani cal nmethod, which is still used in all kinds of problens.

STURCHI O Is that where he is now?

CHURCHI LL: Yes. He's Dean of Engineering. | had dinner with
himthere | ast week.

STURCHI O. Since we've been tal king about Helluns and Martini,
maybe we shoul d tal k about sone of your other students.

CHURCHI LL: Martini was incredibly driven to finish rapidly,
wor ki ng both night and day until he got his doctorate in |ess
than three years. He did experinental and theoretical work that
people still cite. He now works on Sterling engines at Richland
i n WAshi ngton. Peter Abbrecht started at the sane tinme. He
studi ed turbul ent forced convection in tubes, and was the first
person to neasure eddy diffusivities on both heat transfer and
nmonentum transfer. He nade very precise tenperature and velocity
measurenents which still are a standard resource. Peter had a
curious career. After he finished his Ph.D. he went to work for
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Upj ohn. Then he worked for 3M and got into bionedical
research. He cane back and obtained an M D., and was
subsequently on the faculty at M chigan. There he continued to
"practice" engineering, studying the fundanentals of kidney
function. Now, he's in Washington D.C. W still keep in touch.
He was an incredi bly good experinentalist.

STURCHIO. [Charles M] Sleicher was anot her one?

CHURCHI LL: Sl ei cher was not ny doctoral student. He actually
was a doctoral student of Myron Tribus, but Tribus left. This
was before | got ny Ph.D., and although |I closely foll owed
Sleicher's work, Katz becane his formal doctoral advisor. He
produced the first fundanmental solutions for turbul ent heat
transfer. 1t was very fine work. He is now chairnman of

chem cal engineering at the University of Washington in Seattle.
He did work with me on the scattering problem Charles is also
responsi bl e for the devel opnent of w ne-nmaki ng i n Washi ngt on- - at
| east good w nes--an interest we shared in those days.

| guess the next student was Mdrton Myle. He was doing
work as a research assistant in aeronautical engineering, but
wanted to do his thesis in chem cal engineering. He had sone
i nterest and background in detonation, so we decided to study
t he detonation of hydrogen and oxygen m xtures at | ow
tenperatures. That involved both experinental work and
conputations. Mt worked for Du Pont and taught at Lehigh. He
was killed in a traffic accident early in his career.

STURCHI O He worked at the sanme tinme as Martini?

CHURCHI LL: Yes. Then Roy Geal er came along. His work turned out
to have a very unexpected aspect. He studied the effect of high
pressures on detonations. He was going to study hydrogen-oxygen
detonations up to pressures of ten thousand pounds per square
i nch, but at four thousand pounds, we bl ew everything to pieces.
[laughter] The question was, "Wiy did the equi pnment bl ow up?”
We finally decided that the detonation was triggered by a Teflon
gasket burned in the oxidizing mxture. W tried to publish a
paper on this in the Al ChE Journal but they refused because the
expl osi on represented an unpl anned and uncontrol |l ed experi nent.
We then presented a paper at the San Franci sco neeting of the
Al ChE. The roomwas full of people, nostly fromthe nucl ear
est abl i shnment, who had al so bl owmn up hydrogen-oxygen reactors,
and wanted to know why. At that nmeeting we confirned the source
of the problem It was always a gasket, sonething |ike Teflon,
that was presunmed to be inert, but was not at that parti al
pressure of oxygen. Fortunately, Roy had done all of his other
wor k at | ower pressures, and so we stopped at that stage.
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STURCHIO. A thene running through a lot of this work in the
m d- 1950s is the connection with the nucl ear energy industry.

CHURCHI LL: That was a big thing then. W then presuned that
nucl ear plants were going to be our total source of energy. G
G Brown was Acting Director of Engineering for the A E.C. Katz
actually prepared a prelimnary design for the power plant of
the first nucl ear-powered submarine, the Nautilus, for Admral

[ Hyman] Rickover. Al of that work was done in one weekend.
That's an interesting story. Katz and the others were talking
about the possibility of designing the power plant for a nuclear
submari ne. Rickover asked how long it would take, and the
people fromindustry said five or ten years. Katz said,
"Nonsense. W can do it over the weekend." [laughter] R ckover
chal l enged himto prove his boast. So Katz canme back to Ann
Arbor and said, "Everyone drop everything. W've got a big job
to do over the weekend." That's how the submarine power pl ant
was designed. The final design was not nmuch different. Katz
had several of the doctoral students working on liquid netal
heat transfer, and everything was right at his fingertips. That
was Katz. Wen you have to do sonething, do it right now

STURCHIO. Did that bring support to Mchigan from R ckover?

CHURCHI LL: | don't believe so, but we actually had one of the first
nucl ear reactors on any canpus. | had one doctoral student,
Bill Luckow, who worked on nucl ear reactor dynam cs, but his

experimental work was done at the Argonne National Laboratory.

STURCHIO. Were a lot of the faculty at M chigan worki ng on
research problens in this area?

CHURCHI LL: Katz was working on liquid nmetal heat transfer,
Brownel I was wor ki ng on nucl ear irradiation of foods and materi al s,
and Martin was working on nucl ear-induced chem cal reactions.
That was the general field in which the governnent was providing
t he nost noney, and generally the work was not classified. One
necessarily floats to where t he funds are avail abl e.

STURCHIO. Were the others using a conmputer? WAs there support
fromthe conputing industry? This was before the Ford
Foundati on grant.

CHURCHI LL: Not nuch before the Ford Foundation Project. Jim
W kes, perhaps ny nost capable student, followed David Hel | uns
and devel oped the first truly two-di nensional finite-difference
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solutions for natural convection. He becane very mathematically
inclined, and with Brice Carnahan wote a book on nuneri cal

nmet hods whi ch becane a best seller (27). Carnahan did his
doctoral thesis with Joe Martin on nucl ear-induced chem ca
reactions using the University of Mchigan reactor. Warren

Sei der and M ke Sanuels al so worked on nunerical nethods wth
me. Eventually because of the Ford Foundation Project, Warren
becane interested in conputer-aided design. W had good
conmputing facilities for those days, which hel ped a great deal.
In 1960, there were only three or four universities that had

maj or conputer facilities--say, IlIlinois, Mchigan, UCLA, and
M T. WMaybe there were a fewothers. It was a difficult field
unl ess you had access to such facilities. M chigan decided the
conmput er was anal ogous to a library. It was going to be there

for you to use, and you didn't necessarily have to obtain funds.
At ot her schools, people had to go out and get the noney first,
and the conputational work never got off the ground. It was
very slow going in many universities.

MARCHESE: Were you call ed upon by other people in the chem cal
engineering field as a source of information, so that they
coul d introduce conputers into their work?

CHURCHI LL: GQccasionally. So were a few others. Leon

Lapi dus began to work with conputers at Princeton after his
doctoral research at M nnesota and Neal Amundson was doi ng
work with conputers very early. A lot of people at the tine
were very anti-conputer. |It's hard to believe now, but many
peopl e then thought that this was an unfair way to sol ve
probl ens, that it was not sonething university people should
be doing. It was considered dog work.

STURCHIO It was too crude or inelegant?

CHURCHI LL: They were nerely reacting defensively. That's what
Kat z di scovered with the Ford Foundation Project. He found
that if sonebody knew how to use the conputer, they no | onger
criticized its use. If they didn't know how, they always said,
"It's not relevant.” At that tine very few people knew how. |
was just lucky to be pushed into that field early.

MARCHESE: Did you deal directly with Anundson, or did you work
i ndependent |y of hin®

CHURCHI LL: Conpletely independent. | barely knew him
Eventual ly, | becanme aware of his work and | earned a | ot from
it. | became chairman just about that tine and we nade an

effort to hire one of his students. W thought of Neal then as
bei ng the best applied nmathematician in chem cal engineering
(which I think is still true), rather than being a conputer
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scientist. It was only later that | realized how nuch he was
usi ng conputers because that phase was not as prom nent as his
anal yti cal worKk.

MARCHESE: Did your mathematics interest lead to these kinds of
appl i cati ons?

CHURCHI LL: Wwell, | think that that is one effect. | had a

stronger nmat hemati cal background than nost others in chem ca
engi neering, and was | ooking for someplace to put it to use.
That was ny uni que characteristic.

STURCHI O It nust have been exciting to have the conputers
around as well, so that you could conbine the expertise in
appl ying mathematics to certain problems with the brute force to
actually crank out solutions that other people couldn't do.

CHURCHI LL: O course, but nmuch of the work was very frustrating,
and the conputers we had then had | ess capability than nodern
hand- hel d nodel s. The conputer | have in ny hand can sol ve

probl ens better than the conputer that Helluns used in his work.
W kes nmay have been the first one of those students to have a
conmputer better than a nodern hand-held conputer. It was also
difficult to programthose conputers. You had to |earn and use
machi ne | anguage. Two doctoral students in mathematics at the
University of M chigan essentially devel oped Fortran IV. They
were Bernie Galler, now Dean of the Literary College at M chigan,
and Dean Arden, | ater head of the Princeton Conmputer Center.
However, the Mat hemati cs Depart nment deci ded t his was not

mat hemati cs. Their | anguage was call ed MAD for M chigan

Al gorithm c Decoder. They supplied it to other universities,

and |1 BM soon adopted and adapted it because of the distinct edge
it gave them over everybody else. Dean Brown said, "If you won't
give these nen a Ph.D, we will create a degree in conputer science
and give themthat degree." The mathematics departnent rel ented,
so Gall er and Arden actual |y obtai ned their degrees in mathemati cs.

STURCHI O What year was that?

CHURCHI LL: 1958 or so.

STURCHIO. It was in the md-1950s that EN AC was devel oped.

CHURCHI LL: | used the ENTAC. W may have run the first major
programon it after it was reassenbl ed at Aberdeen. The |i ght
scattering cal cul ati ons by Gunprecht were done in part on the
ENI AC. George Cark also used ENNIAC. W nust have run twenty
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or thirty major prograns on the ENIAC. Conputer software was
then the major difficulty. | remenber Cark working three weeks
with a desk conputer trying to find a m stake in a programthat
woul d never converge. He finally found a near singularity. W
could not identify the difficulty until these hand cal cul ati ons
reveal ed that thirty significant figures weren't enough at one
point in the cal cul ations.

There was no one around to help you. Wen Helluns was
devel oping an algorithmfor the conputation of natura
convection, there was no book that said, "Do this." W invented
or redi scovered nmany of the fundanmental nethods.

STURCHIO. Did you encourage Helluns and C ark and your ot her
doctoral students to get a very strong nmat hematics background?

CHURCHI LL: Yes. They all did. M students knew that if they
wor ked for nme they would have to take all the avail able

cl assical mathematics and physics. They did, and they were
supportive of each other.

MARCHESE: Looki ng back at your career, you had a very strong

expertise in mathematics. You said earlier that those w thout
the mat hemati cal background tend to gravitate to industry. Do
you find a correlation there?

CHURCHILL: I think so. | think if you're an experinentali st
you becane very frustrated in a university because you work with
such poor equi prment and w thout technical assistance. Although
many faculty nenbers do experinmental work, it is a tough life.
Whereas, in industry or governnental |aboratories you have nuch
better support experinmentally. On the other hand, theoretical
work is easier in a university. You can always find sonebody to
hel p you. Those who have a strong desire to do precise
experimental work in engineering usually end up working in

I ndustry or governnental | abs.

MARCHESE: | noticed that in your work you not only stressed
cal cul ati ons, but you al so stressed the necessity for nore
careful experinentation.

CHURCHI LL: | think that all but one or two of ny students did
experimental as well as theoretical and/or conputational work.
We always felt that we had to prove that what we conputed was
physically valid.

MARCHESE: Did R R Wiite have an effect on your career?
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CHURCHI LL: | suppose that Wiite had nore influence on ny career
than any other single person. W often tal ked nore about the
phi |l osophy of research and education. He was a brilliant idea
man who rarely finished anything. He would suggest things and
per suade sonmeone el se to go do them He was not very

mat hematically inclined, although he was certainly capable in
that respect. He was an eclectic person who |iked to obtain
first-order and novel solutions, but he becane bored very
rapidly. It is too bad we lost himfromthe chem ca

engi neering profession. He had many very original ideas. Not
all of themwere right, but they were invariably thought-

pr ovoki ng.

STURCHI O What happened to hin? You said he was lost to the
pr of essi on.

CHURCHI LL: He left the University of Mchigan m d-career. He
was sort of Brown's disciple, and when Brown died he felt cut
off. He needed a new job and a new chal |l enge every six nonths.
He qui ckly becane bored doing the sane thing. He got an offer
to be Director of Research for ARCO in Phil adel phia and served
there for about four years. He really turned over the

organi zation and had a great inpact. Then sonething happened,
perhaps the president left, and Wiite left. He was briefly Vice
President of Arthur D. Little. Wien |I say briefly, | mean about
six nonths. Then he was Vice President of Chanpion Papers for
about two years. He went to Grace Chemicals as President for
about six nonths. Then he went to Case Western Reserve
University as Dean of Managenent Science. He soon went to

Washi ngton with the National Acadeny of Science about fifteen
years ago and has been there since. As far as | know he has had
no i npact on chem cal engineering research or education since he
left the University of Mchigan. | have seen himon television
a fewtines. He runs a programcalled "The Forum"™ but this is
clearly a waste of his intellect.

[ END OF TAPE 2, SIDE 2]
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| NTERVI EV\EE:; Stuart W nston Churchil

| NTERVI EVEERS: Joseph C. Marchese and Jeffrey L. Sturchio
LOCATI ON: University of Pennsyl vani a

DATE: 28 March 1985

MARCHESE: Prof essor Churchill, do you have any remarks you w sh

to make now apropos the first portion of the interview?

CHURCHI LL: W were speaking of the academ c influence at

M chigan. That is, how many people went into teaching. The
University of Mchigan and MT were totally dom nant in doctoral
wor k and graduate work in chem cal engineering in the 1950s, and
perhaps up to 1960. Some very large fraction of all Ph.D.s, and
therefore, all teachers, cane fromthose two schools. At both
M T and M chigan, faculty nenbers wote many influential books.
But sone changes occurred at about that time. First, other
school s began to get into the act. Second, the faculty at MT
turned its attention alnost entirely to the Practice School,
consulting, and their own small conpanies. Fromthen on, they
had al nost no influence on education. Very few of their people
went into teaching. Sone of those who did were outstanding, but
they were exceptions. Both MT and M chigan al so had been doi ng
sonmething that was injurious in the long term They only hired
their own students as faculty nmenbers. MT had nostly MT
graduates on their faculty for forty or fifty years. Al of the
effects that you woul d expect from i nbreeding occurred. They
didn't know what was going on outside, and they lost their

i nfluence with the rest of the profession. Mchigan, to a great
extent, did the sane thing. The only difference was that Ph.D. s
from M chigan continued to go into teaching. These factors |ed
to sone | oss of pre-em nence for both school s.

STURCHI O When woul d you say that M chigan and MT began to
decline in pre-em nence, and which school s grew stronger?
W sconsin, for instance?

CHURCHI LL: Perhaps in the 1960s. Both schools began to hire
out si ders but the danage was al ready done. California at

Ber kel ey, W sconsin, M nnesota, Princeton, Delaware, and Illinois
rose to the fore. These were all good schools before. For
exanpl e, Princeton certainly had very few Ph.D.s before 1950, but
suddenly, it became a nuch nore prestigi ous pl ace for graduate worKk.

STURCHIO. In 1950, let's say, Mchigan and MT were pre-
emnent. 1In 1965, was this still the case?
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CHURCHI LL: M chigan and M T kept on doing the sane things very
wel |, but other schools were doing new and different things.
None of the innovations in education in the 1960s canme from

M chigan or MT. The book by Bird, Stewart and Lightfoot was
witten at Wsconsin (18).

STURCHI O W spoke last tine about Wsconsin's work, the
transport phenonena, Amundson's work at M nnesota, and his work
on applied mathematics in chem cal engineering. O course,

we' ve been discussing your work. Did Delaware and Princeton
have a simlar orientation toward applied mathematics?

CHURCHI LL: Del aware did through Robert Pigford. Neal produced
many out standi ng di sciples. Lapidus went to Princeton and

[ Andreas] Acrivos to Berkeley and eventually to Stanford. |
think Neal's influence cane primarily in that way.

STURCHIO. So it was a second generation?

CHURCHI LL: They constitute a second generation but Neal kept on
as a leader hinself. | also believe that the inpact of books is
hard to underestimate. People associate new devel opnment with
books. Everybody el se was getting into reaction engi neering and
transport phenonena at the sanme tinme as Wsconsin, but they
docunented the trend and rightfully earned the credit and

i nfl uence.

STURCHI O Your book on rate processes is one that's well known
and wi dely respected (28). In the literature of science and
technol ogy studies, there's a shibboleth that scientists like to
read and wite literature, but engineers don't. Witten works
have a |l arger influence in science, whereas engi neers pay nore
attention to practice. Wat you' re saying is that many of these
things are not entirely true.

CHURCHI LL: Sonebody has to wite the influential books, and it
may be the people who are a little outside the field. Bob
Bird' s background is largely as a physical chem st rather than
as a chem cal engineer, but he was probably influenced in

chem cal engi neering by Hougen and others, and they may have
given himthe push to do sonething different. Neal Anmundson was
not only primarily a mathematician, but for a long tine he hired
not hi ng but chem sts and mat hemati ci ans at M nnesota. | believe
he did so because, for better or worse, he could in that way
personal ly influence the direction of chem cal engineering at

M nnesot a.
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MARCHESE: What effect did Transport Phenonena have upon your own
wor k and your own devel opnent? Wuld you al so conpare and
contrast your approach with theirs?
CHURCHI LL: It did not have a great inpact. Jim Knudsen and |
wer e doi ng nuch the sanme thing in heat transfer, but we had not
articulated this direction nearly as well. During all ny career
at M chigan, we never used Transport Phenonena as a text except
for the trial | mentioned previously [see page 32]. Nevert hel ess,
| think that it is the nost inportant book in chem cal engineering
that has been witten in ny career.

The rate concept cane out of the paper presented at the
1958 neeting (29). W were asked to wite a paper on the
experi nental foundations of chem cal engineering, and we found
that there weren't any. Everywhere we | ooked, the avail abl e data
di dn't confirmwhat peopl e thought they did. This was a revel ation
to both of us. The idea and nethodol ogy of critically exam ning
rate data is to be credited to R R Wite, but the rate concept,
that is the distinction between rates of change and process rates,
ismnerather than his. That experinmental foundation paper was
certainly wittenon hisinitiative, but he and al nost everyone in
the field confused rates of change with process rates. The article
by [Robert] Kabel states that very well (30). There were
predecessors who said this, in fragnentary formand only for
reactors. We quickly recognized that this concept was very usef ul
as a structure in teaching.

Ther e' s anot her thing about that concept whi ch was
uni ntentional. All previous books in chem cal engi neering, such as
the transport phenonena book, were primarily physical. Al though we
t hi nk of chem cal reactions as being the central part of our field,
the unit-process approach, the unit-operations approach, and the
transport approach all ignore chem cal kinetics. They are al
concerned wi t h physi cal processes. Hougen, in his book on chem cal
reacti on engineering (14), introduced kinetics as a subject in
chem cal engineering, but he didn't integrate the treatnent of
kinetics with transport. The real objective of nmy rate book is
the denonstration that all transport processes and reactions can
really be treated in the same manner. W al so | ooked at cutting
down on t he anmount of information the student had to carry around.
I f he had such a structure he could shed a | ot of uncorrel ated
i nformati on.

MARCHESE: You enphasi zed synthesis of the sinplest nodels
necessary to explain a phenonmenon?

CHURCHI LL: Yes. W were | ooking at where i nformati on on rates cones
from how you nake neasurenents, how you interpret them and how
you use this information. W |ooked at that whol e sequence as a
continuum | don't know that that has ever been done before or
since in chem cal engineering.
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STURCHI O What kind of effect did it have for the next couple of
years? After all, the paper could be seen as a refreshing | ook at a
probl emin the fundanental s of chem cal engi neering or a

troubl esone | ook at the way people had been doing things wong
all along. Presumably, it either excited or provoked a | ot of
peopl e.

CHURCHI LL: The paper and the subsequent book were great

artistic successes. Many, many people still speak favorably of
that paper. Charles Forman once said that it was his favorite
paper. It made people think a lot. There were people who

quarreled with the idea that their correlations m ght be works

of imagination instead of having a firmbasis. There was sone

negati ve feedback, but | think that idea was hard to resist and
has been generally accept ed.

MARCHESE: Have you seen an inprovenent in the work that's done?
In that paper, "Experinmental Foundations of Chem cal Engineering,”
you indicated that "Present know edge as represented by t he
literature has the appearance of correlation resting upon
correlation, theory upon theory, and the data presented consi st
of a few graphs greatly reduced in scale" (29). You went on to
say that "rationalization of data, in terns of nodels and
nmechani sns, is of paranount inportance for scientific and

t echnol ogi cal devel opnent. However in the absence of an
understandi ng of the quantity and quality of the data being
rationalized, rationalization beconmes nmeani ngl ess specul ation."
Has the profession taken steps in the last twenty-five years so
that you wouldn't wite this again?

CHURCHI LL: The above is still true, but not nearly as broadly.
This is an unconfortabl e concept for nmany people. They do not
wish to face the reality that the data they use are not very
reliable. That causes great insecurity. However, other things
have happened. Firstly, instrumentation has inproved so people
do make better nmeasurenents. Secondly, theory has greatly

i nproved so that the structure for analyzing and representing

t hese data has expanded trenmendously. Thirdly, conmputer

sol utions provide an adjunct to the experinental data and

al t hough shortcom ngs are there because of the use of erroneous
nodel s, at least there's no inprecision. And fourthly, | think
the inpact of our criticismmade people very nervous about doing
some of these same things again. But a week sel dom passes in
which | don't see sonme gl orious exanple of these sanme erroneous
I nterpretations we criticized.

STURCHI O.  The thrust of this whole programseens to be to use
theory to reformpractice. You always di scussed exanpl es of
real world phenonena--diffusion, conduction, convection--trying
to cone up with a much nore sophisticated and precise

t heoretical understanding of what's going on in real reactors
and real pieces of apparatus. Ws that characteristic of what
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academ ¢ chem cal engineers were doing at that tinme, or do you
think that you really did have a uni que approach to harness
theory to practice and provide the experinental foundations for
chem cal engineering?

CHURCHI LL: | think we did have sone position of |eadership in
this area because we were anong the first people to obtain
nuneri cal solutions. Mst of the people doing theoretical work
at the tinme were handi capped by the use of only classical

anal ytical nmethods and therefore were forced to nmake so many

I deal i zations that there wasn't nuch relationship with the real
worl d. That 1959 paper forced us to be neticul ous about what we
did. W never wanted to be in the position of failing to
conformto our own standards. This provided a strong notivation
to avoid idealizations, to use sound structures for correlation
and to test our conputed results against physical neasurenents.

STURCHIO. O course, you always had the nmat hematical tools to
be able to change very conplex problens in partial differential
equations, to transformthe equations to things that could be
handl ed and coul d be sol ved using the conputers that were
avai |l abl e at M chi gan.

CHURCHI LL: The critics of Bird, Stewart and Lightfoot's book--
Bob Pigford said it was a bad influence on the profession--
suggest it led chem cal engineers to turn to problens they could
solve instead of to problens that needed to be solved. That was
not the fault of Bird, Stewart, and Lightfoot. They are wongly
bl amed for that. But their book was conplenented by a great
thrust of engineering in general and chem cal engineering in
particular to develop a theoretical base. Al of a sudden,
peopl e were off nodeling and using engi neering science. O
course, they drifted far away frompractice. Perhaps the rate
book was regressive. That is, we tried to focus on rea

probl ens when the main thrust of the field from Anundson and
others was purely theoretical. It may still take sonme tine to
coal esce these thrusts.

MARCHESE: Were there other factors that led themin this
di rection?

CHURCHI LL: Well, the conputer, of course, nade it possible for
people to do nore things theoretically. The years right after
the war saw a great turning point in mathematical preparation
In the 1950s, all graduate students began to study applied

mat hematics. Those who were good at it inmmediately put it into
practice. Also, the ECPD, through accreditation, told schools
that they should be teaching engi neering science and not
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practice. That had a profound inpact upon education in chem ca
engi neeri ng.

STURCHI O What inplications did that thrust in chemca
engi neering have for the views that industry had of the utility
of chem cal engineers at the tine?

CHURCHI LL: It caused an instant and great shock because up to
that tinme, when students |eft school, they could conmunicate

wi th other engineers and go out and practice what they were
doing in school. There was no gap, except in maturity. Al of
a sudden, the graduating students talked a different |anguage,
didn't know anyt hi ng about practical problens, and had a new
capability which nobody in industry knew how to use. There was
a lot of antagonism The | arge conpani es soon adapted and
gradual |y these students changed engi neering practice. That's
no | onger an issue, but there was a period of turnoil.

STURCH IO That would be in the m d-1960s?

CHURCHI LL: Yes.

MARCHESE: You wote an article in 1964 called "Education of
Chem cal Engi neers for the Aerospace Industry” (31). You dealt
with chal l enges put forth by the aerospace industry that

guesti oned the preparation of the students for work there.

CHURCHI LL: | anticipated at that tine that a |large fraction of
our students would go to that industry. That was probably
overly optimstic or pessimstic, depending on how you | ook at
it, because |I thought the SST was going to be the WPA of the
1960s and woul d soak up, as NASA eventually did, an incredible
amount of engineering scientists. Wen the SST work was rapidly
phased out, the enploynent of our students by the aerospace

i ndustry crashed. There was a short period when a nunber of ny
students were working in the aerospace industry. That

I nfluenced me to do work on detonation and shock waves.

STURCHIO. It was a question of reentry vehicles and that sort
of thing?
CHURCHI LL:  Yes.

STURCHIO. That article was one of a few that you were witing
in the md-1960s in the aftermath of the ECPD studies on

54



engi neering education (32). You' ve just spoken about the trend
towards a sonmewhat austere and abstract new chem cal engineering
science. That seened to be the way things were headi ng around
that time. The ECPD/ ASEE study that canme about, first in 1965,
and the final report in 1967, seenmed to argue that engineering
educati on needed to put |ess stress on scientific and engi neering
fundanental s and nore stress on practical courses, oriented toward
exactly what students m ght be doing in the industry. What inpact
did this have on M chigan? What inpact did it have on the way
that you and your col |l eagues viewed the role of educators?

CHURCHI LL: | don't think that it had a unique inpact on the
University of Mchigan. It had a unique inpact on all of

chem cal engineering. The Al ChE had al ways been a highly

i ndependent participant in accreditation. They started
accreditation before the other societies and retain to this day
a privileged position which causes continual jeal ousy and

reeval uation. That cycle is going on again right now This is
partly because the Al ChE has a stronger academ c influence than
t he ot her engineering societies. At one tinme half of the officers
and hal f of the active nenbers were probably academ c. When
sonmething like accreditation came up, they threw thensel ves into
it, whereas the other societies delegated their authority and
paid little attention.

We have always had a different position in accreditation
than the ot her branches of engi neering. Wen the Goals Report
was witten, it contained a nunber of prem ses which were
unacceptable to the chem cal engineering profession. The
assertion was that a B.S. graduate was no | onger enployable by
i ndustry and, furthernore, that when people finished school,
they no | onger used cal cul us or engineering science. The
authors of the report |learned this by asking people ten years
out what they were doing. O course, the ten-year engi neer who
is a | eader has |ong since dropped technical work and has becone
a manager. He's nore concerned about personnel relations and
econom cs than he is about calculus. He can't renenber whether
he ever used it or not. They used this data to draw the w ong
conclusion. The other societies were sonmewhat passive. | was
one of three AIChE representatives. One of the others was
Howard Rase. W objected strongly and the Al ChE backed us up.
The Al ChE | ed a successful battle to prevent that report from
prevailing and as a consequence it essentially went down the
dr ai n.

STURCHIO. The notif in the various responses and rebuttal s
that you published around the tinme of the report was this
enphasis on the fact that engineering students should be well
rounded in the fundanentals. As you said a nonent ago, they
woul d have a framework in which to approach probl ens, rather
than worrying about all the details.
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CHURCHI LL: The previous ASEE study of engineering (known as the
Ginter Report) did have a profound effect. Through accreditation
school s were asked to devote roughly one quarter of their
curriculumto humanities and social sciences and to teach

engi neering science. They were asked, if they had mlitary
science, not to make that part of the regular curriculum Most
of themreduced the total credit hours fromthe equival ent of

140 senester hours to 120. These several changes knocked out
about half of the tinme that was avail able for engi neering courses.
Peopl e were suddenly forced to teach sonebody to be an engi neer
in half the tine. Furthernore, the anount of math and science
was i ncreased. Dropping all of the courses in practice was an
over-reaction. Eventually sone design work went back in. That
crisis would have occurred even if the Ginter Report had not been
witten. Tinme has sonmewhat heal ed these stresses. Qur students

t ake about half the undergraduate courses in chenical

engi neering that | took as an undergraduate. At Penn they nay
take only two-thirds of what a student does at Drexel.

STURCHIO. Do they get the sane anmount of design courses?

CHURCHI LL: They take less in nunber, but they're probably nore
firmy grounded in the fundanentals. W assune that they have
enough preparation to survive by their wits. The students here
are always a little insecure when they | eave because they
realize that the other students at sonme schools such as Drexe
have a course in about five or six topics whose names they have
hardly heard. In industry, they find that this doesn't really
matter. The engineering science view has prevailed in the |ong
run, but in the 1960s and 1970s it was a great topic of concern.

STURCHIO. Since we're now tal king about the role that you

pl ayed on this intersociety commttee for engineering educati on,
this mght be a good tine to talk a little about the activities
that you were involved in with the AIChE in the m d-1960s. You
were elected to the presidency, and you were involved in a
nunber of initiatives with university-industry cooperation and

i nternational chem cal engineering. Wuld you like to say a few
wor ds about that?

CHURCHI LL: There was an expectation and tradition at M chigan
that all faculty nenbers would take part in activities of the
Al ChE and be | eaders in that society. Al nost every faculty

nmenber had been on the National Council; for example, G G
Brown, Katz, A. H Wite, R R Wite, and |l ater Joe Martin and
nyself, so this was a natural kind of thing to do. | never

t hought of any alternative but doing this. After being on the
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Council, | was not selected as a candidate for the presidency by
the Nomi nating Conmttee, but | ran as a petition candi date and
won. This is also a great tradition in the Al ChE which they're

now becom ng very nervous about. [It's always been a denocratic
society with truly free elections. That nmeans they have had at
| east two candidates for every office and sonetines three. It

separates the AIChE from other societies who usually nom nate a
single slate and therefore are subject to inbreeding. The
ultimate inpact is that the average president of Al ChE has been
sonething like forty-five years old, conpared to al nost seventy
for the civil and nmechanical engineers. |It's possible for
sonebody to stir things up in the AIChE and do sonething in a
few years instead of going through twenty years of service on
commttees to qualify for the inner sanctum

MARCHESE: 1'd just like to indicate that you served as the vice
president in 1965, as president in 1966, and as past president
in 1967. This is when you presunmably had the greatest inpact.

CHURCHI LL: All people who serve the presidency go through those
terms. However, W B. Franklin, who was president the year

was vice president, had a heart attack and therefore w thdrew
fromall activity through half of his year. Effectively I
served as president for one and one-half years. It was just
unfortunate timng for Bill.

MARCHESE: Coul d you express the rationale for the formation of
the Bl ue Ri bbon Commttee to facilitate university-industry
cooper ati on?

CHURCHI LL: Yes. Mdst of the things one does as president only
show up after you're gone. |It's a deliberative body that's |ike
that of CHOC [Center for the History of Chemistry]. The
executive conmittee only neets six tinmes a year, and the Counci
itself four tinmes. So, controversial proposals drag on forever.
That was very frustrating for ne. What you wanted to get done
as president would at best be done two years later. That

comm ttee you nentioned brought in its report long after | was
gone. W were concerned about what we perceived as a gap

bet ween i ndustry and academ a, |argely because of increasing

government support for research. Industry thought universities
were not interested in them W were. So that was an attenpt
totry to breach a gap. | doubt that it had any great inpact.

MARCHESE: Did it increase the funding that industry provided
the universities for their vast research?

CHURCHI LL: Not noticeably. It may have had sone inpact on
hiring young people as consultants. | know that at |east two or
three conpani es took that recommendation to heart, because two
of nmy faculty were chosen as exanpl es even though the conpanies
did not believe that those young people were capabl e of
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contributingtothemtechnically. They realizedthat
i ndoctrination in ternms of their problens would influence future
students. That may have been the major inpact of that report.

STURCHIO.  You were actually very progressive in trying to

i nprove university-industry relations because in the l|ast few
years, starting around 1980, that was a nmjor issue in science
and technol ogy and policy. Back in 1965-1967 that was the
heyday of federal support for research, and | can inagi ne that

i ndustries woul d not have been very synpathetic because so much
of it was comng in fromthe governnent.

CHURCHI LL: As you nentioned, | was then witing a paper on
training students for the aeronautical industry (31). So that
peri od probably represented the nadir of the relationship

bet ween the chem cal industry and chem cal engi neering education.

[ END OF TAPE 3, SIDE 1]

MARCHESE: Wth regard to the Governnment Rel ations Commttee of
the AIChE, would you el aborate upon its inception, its program
and its effects?

CHURCHI LL: | do not wish to take any credit for that at all. |
opposed and still oppose that program It nay neverthel ess have
occurred during ny reginme. | can renmenber other things |
opposed and was wong about. When the AIChE started its

conti nui ng education program | was very skeptical. | thought
universities could do this better and were doi ng an adequate
job. After the first year, when the Al ChE acconpli shed al nost
not hi ng and attracted nobody, | said, "I told you so." They
decided to continue its support. About that tinme the program
took off and it has proven to be one of the great acconplishnents
of the AIChE. | can now see that this was a very inportant
thing to do, but I didn't believe in it at the tine.

STURCHI O Wiat was the background of the Governnment Rel ations

Committee? Was it to try to informsonme people in the councils
of Al ChE that chem cal engineering should get nore of its fair

share of the federal dollar? O was it concerned with

regul atory matters?

CHURCHI LL: | think they had m xed objectives. There was a
feeling that there was no input from chem cal engineering to
Congress and to the governnent, and that the National Society of
Prof essi onal Engineers and others who were licensed to, in a
sense, |obby for engineering were not representative of our

58



Vi ews. F. J. van Antwerpen should get full credit for that
program

STURCHIO.  Another notif in your presidential address, and in
sone of the other occasional |ectures that you published around
this tinme, was this sense that scientists and engi neers were
getting no credit for their acconplishnments and were taking al

of the blanme for societal problens such as pollution that seened
to the public to emerge from science and technology. D d the
fact that the Al ChE should be in the position of |obbying with
Congress conme out of a dissatisfaction with their public inmge?

CHURCHI LL: 1'mnot so sure how closely it was related. There
was certainly a bad inage for engineering in general and perhaps
for the snokestack industries in particular during that period.
There was al so the inpact of the Vietnam War. The inmage of

engi neers was very poor. W all felt this was an unfair knock
on engineering. | renmenber we once wote, "If there is

pol lution, the engineers are the ones who are going to control

or alleviate it."

MARCHESE: Coul d you el aborate a bit on your attenpts to broaden
the AIChE s relations with groups of chemi cal engineers overseas?

CHURCHI LL: Al ChE has al ways had anbi val ent views about inter-
nati onal relationships and neetings. W deliberately decided
not to have overseas sections. W nade a decision to encourage
the formation of chem cal engineering societies abroad rather
than trying to take them under our wing, which | think the
Institution of Chem cal Engi neers (London) has done. Wen the
Mexi cans becane very interested in chem cal engineering we
encour aged them and went to Mexico al nost every year to help
them start their own chem cal engineering society. W had early
neetings with the Puerto Rican Institute of Chem cal Engineers
and the VDI [Verein Deutscher Ingenieure] and others. \Wen I
was president, | visited Japan in order to arrange what becane
the first PACHEC [ Paci fic Confederation of Chem cal Engi neering]
neeting. We wanted to foster these other groups, but we al so

t hought that the right way was to hel p them becone i ndependent,
not sone part of us. There certainly were people who thought

t here ought instead be a world organi zation, but we foresaw that
nost of the problens had a nationalistic elenment and coul d not
be solved by an international society. For exanple, in all of
Latin America, engineering education is very weak primrily
because the academ c people are not paid. They are al nost al
volunteers. This is true in Mexico and in nost of South
America. W wrote several position papers asserting that

prof essors of chem cal engineering should be paid.
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STURCHI O. The academ c system was dependent upon adjuncts who
made their living through industrial work or consulting?

CHURCHI LL: Yes. | don't know that we had any inpact on that,
but during the period when | was on the Al ChE council and an
officer, | believe we were effective in encouragi ng professiona
activities in Latin America. | believe | went to Mexico every
year while | was an officer of AIChE. | should have gone to
count|l ess other neetings for which | didn't have tine. | did go
to Germany, Engl and and Japan to visit with their councils. W
had a joint neeting wth the English in London during that

period, with the Puerto Ricans in San Juan and eventually one
jointly with the English and Canadi ans in Mntreal.

MARCHESE: We've spoken previously about sone of the particular
activities that you performed at M chi gan, sone of your
acconplishnments. Wuld you be able to begin to wap up your
acconpl i shnents through the m d-1960s before you noved here to
Penn? Coul d you perhaps tell us what were your ngjor

achi evenents at the University of M chigan?

CHURCHI LL: | think research-w se our devel opnment of nuneri cal
net hods of solving problens in thermal radiation and natural
convection was inportant. W began the work on conbustion

whi ch | have continued for twenty years. Also, | am proud that
about ten of ny students at that tinme went into teaching.

MARCHESE: You published three books in two years. |In 1957 you
publ i shed Legendre Polynomals with C ark and Angul ar
Distribution of Coefficients with dark and Chu. Then, in
1958, you published a third book entitled Light Scattering
Functions: Relative Indices of Less Than Unity and Infinity
with Boll, Gunprecht and Clark (33). Wat notivated this

t remendous out burst of witing?

CHURCHI LL: These, which all resulted fromthis work we were
doing on the attenuation of thermal radiation from nuclear
weapons, represent an outburst of conputing rather than witing.
They represent the distillation of a theoretical devel opnent in
whi ch doubly infinite series of unconputed functions were
reduced to a very sinple formwhich is still widely used today--
a sinple convergent series of Legendre polynomals. Those books
are tables of the conmputed functions that resulted. Today, we
woul d probably just publish the conputer prograns, but everybody
may not want to reconpute all that. Xerox has reprinted these
books, and they still sell a few copies a year.
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MARCHESE: The Dow Chemi cal Corporation is in Mchigan. What
effect did this corporation have upon the orientation of
chem cal engi neering research at M chigan and upon your research?

CHURCHI LL: The answer is originally very little. Dow was at
first nore oriented toward Case Institute of Technol ogy (now
Case Western University) than the University of Mchigan. All
of their early officers went to school there. But, starting in
1952, we taught a regular graduate programin chem cal

engi neering at Mdland. It was a University of M chigan program
not a Dow program but with a few exceptions, all of the
students in it cane from Dow or Dow Corning. As a consequence,
we devel oped a good relationship with many of the young,
upwardly nobil e people at Dow. | taught the first class in 1952
and the programis still going strong. This nay have been a
factor in the gift which led to the Dow Building. Dow had the
problemat that time, which they still have, of attracting
people to Mdland. They countered this by saying, "Wll, Mdland
Is pretty isolated, but we will bring the University of M chigan
graduate program here." Qite a few students went on for a Ph.D.

STURCHI O How many students were invol ved?

CHURCHI LL: | have a picture of nmy first class here. There were
twenty or thirty students in nost of the classes. W taught one
class or nore a senester.

STURCHIO It's simlar to what Colunbia did with Western
Electric in the early 1920s. They woul d teach people

el ectronics. Wre the students in these courses in Mdl and
entry | evel engineers, or were they research scientists? Were
did they cone fronf

CHURCHI LL: They came fromthroughout the conpany. Eventually
they were nostly just out of school. However, when the program
started, we also attracted nore nmature enpl oyees who were
supervisors. So, the first classes were m xed. W always had
sonmeone from Dow to help teach the course. He becane an adjunct
professor at Mchigan. This interaction filtered a great deal
of M chigan into Dow and vice versa.

STURCHIO. Did that lead to nuch formal consulting work between
Dow and your department, or was it nmainly pedagogical ?

CHURCHI LL: It increased the anmpbunt of consulting but | do not
recall that they directly supported nuch research at M chi gan.
Don Katz, Bob Wiite, and | consulted for them as did many

ot her people at that time.
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STURCHI O Earlier you said that you had reflected on differences
bet ween Shell and 3M which latter conpany you had consulted for
while you were at M chigan. After you got to M chigan and
joined the faculty formally, how did you go about setting up
your consulting relationships? | know now that one of the

bi ggest questions junior engineering faculty often face is how
they will find sone consulting work. It does seemto be
necessary for beginning engineering faculty to do consul ting.

CHURCHI LL: cenerally, these arrangenents with young people arise
because sonebody conmes to the departnent chairman and asks, "Do
you have anybody that m ght work on this problen?" The chairman
t hen suggests sonebody. Mst of nmy early consulting work arose
that way. The early consulting work that | did was pronoted by
Don Katz, Bob Wiite, or G G Brown. Either | hel ped them or they
suggest ed nme because they had nore such work than they coul d do.
The 3Mwork came to ne directly.

STURCHI O. Wi ch conpanies did you start with early in the 1950s
and devel op lasting relationships wth?

CHURCHI LL: | renenber doing work for Mne Safety Appliances in
liquid heat transfer that canme out of the nucl ear submarine work
that | nentioned before. | consulted for Washi ngton Water Power
Conpany for a year or two. That resulted froma paper that | had
witten. | consulted for many years for Owens-Corning Fiberglas.
Thi s cane about because of their interest in sone research | was
doing on radiative transfer through fibrous materials. Maybe the
| ongest affiliation of all was for what was originally Constock
Corporation and eventual |y becanme Conch Liquid Methane. This
came about because Sliepcevich, who was at Gkl ahoma, had suggested
ny name to Billy Wod Prince, the head of the Chicago stockyards.
They were interested in comrercializing |iquefied natural gas. |
probably worked on some aspect of that for ten or fifteen years.

STURCHI O You nentioned earlier that you often found new
research problens that you could work on back at M chigan while
you were consulting for various conpani es.

CHURCHI LL: Sone of our early nunerical work and sone of the
wor k on natural convection cane out of that |iquefied natural
gas work. | becane interested in regenerative heat transfer
because of the Washi ngton Water Power Conpany work. The
conbustion work | do to this day is partially an outflow of sone
work | did for 3Mon conbustion in ceram c shapes. Sonetines
peopl e conme to you because you have expertise. Sonetines you
devel op the specialized expertise in your work for them | did
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work for Chrysler Corporation for a nunber of years on mssiles
because of their interest in our work on ignition of propellants.

STURCHI O These are a very diverse group of corporate contacts,
and you' ve nentioned that it was al so a diverse group of problem
areas to work on. Wuld a typical negotiation with a conpany
for consulting work be just because of your general expertise or
do they usually cone with a specific problemfor you to solve?

CHURCHI LL: Except for 3M conpani es al ways canme for a specific
problem The 3Mwork started with a vague objective. They had a
probl em of di senchant ment anong their chem cal engi neers. Although
| didn't realize it for a while, they wanted nme to sonehow provide
notivation for their chem cal engineers, to tell themthat they
wer e doi ng sonething inportant. Although 3Mis a |arge chem ca
manuf act uri ng conpany, they don't sell any chem cal s except as
conponents of products such as Scotchgard. The process of making
t he fl uorocarbons has to be done by t he chem cal engi neers, but they
cannot be found in the profit and | oss sheets. The nmanufacture of
the chem cal may add only a few cents to the cost of a product that
3Msells for five dollars a pound. The engi neers only receive
attentionif the product fails. | did succeedin convincing the 3M
conpany t hat chem cal engi neers could do research, rather than
just being hands to run reactors and heat exchangers.

MARCHESE: | n your career as a consultant, what have been your
nost notable contributions to industry?

CHURCHI LL: Generally, the inpact of com ng from outside, opening
t he eyes of the people who work there, and showi ng themthat they
can approach their problens in different ways. Often industry
does not realize that a body of know edge exists--particularly,

a theoretical nethod of solving a problem-that they can use.
Therefore, they struggle and actually have blinders on. Sonebody
fromoutside can inspire themto try different approaches.

MARCHESE: You nentioned that your industrial consulting work
has enriched your research. 1t has brought forth problens to
work on. I n what way has it affected your teaching or your
research in a negative fashion?

CHURCHI LL: | don't think that it has affected ny teaching or
research in a negative fashion except perhaps that | my be away
a day now and then and therefore not available to students. [|'ve

al ways been cautious about this. The time | was away from schoo
i n professional society activities exceeded by a factor of five
or nore the tine | was ever away consulting. Furthernore, | have
al ways tried to incorporate students, both undergraduate and
graduate, in consulting activities.
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STURCHI O.  From what you said earlier it sounds as though sone
of your consulting work was a fertile ground for thesis problens
and related activities. W knowa little nore about the history
of consulting activities of chemsts in industry. Industry

al ways speaks about consulting as a good way to insure a flow of
trained graduates. Alternatively, the academ c chem sts feel
that it's a good way to find out where the cutting edge of
inquiry resides. Could you say a little bit about the
connections between the inpact of that kind that your consulting
wor k may have had at M chigan and | ater on at Penn?

CHURCHI LL: | believe that consulting has been a big factor, not
just in ny career but in the profession in bridging this gap

bet ween i ndustry and acadene. Generally, chem cal engineers
have consulted for their engineering counterparts instead of for
managenent. This has produced a great, direct relationship, and
has been a mechani sm by which a lot of results from education
have perneated the conpanies. Du Pont or Exxon have al nost
infinite resources, but they still have sonme nmyopia. Their own
people are often so boxed in that they are unaware of what
others are doing. Also, they are often handi capped by
confinement to short-range objectives. One of the things I
often observe in conpanies is that they have soneone in anot her
di vision of their own conpany that can solve their problemin
ten mnutes, and they don't know he exists. This was
particularly true at 3M because they have such secrecy that
nobody has much idea what they are doing in the next building.

| often talked to two sets of people the sane day and realized
one set had the expertise needed by the other.

MARCHESE: While we're speaki ng about M chigan, you apparently
hel ped to arrange with Du Pont and Hercul es for a specia
programto provide industrial experience for young faculty
menbers. Could you el aborate on how it began and its purpose?

CHURCHI LL: This was an outconme, in part, of the Al ChE

di scussion of the gap between industry and acadene. | convinced
some of these conpanies that they should hire young faculty
menbers and that the |long-terminpact on both would be very
great. Industry would conplain that "Nobody is doing any

pol ymer work," or "Nobody is doing this or that kind of
research.” | said, "Well, the easiest thing is bring one of
your faculty nenbers in and interest himin doing research at
that field." | remenber Joe Goddard worked on that basis for a
nunber of years at Hercules. He is currently the head of

chem cal engineering with the University of Southern California.
Dick Bal zhiser, who is Vice President of EPRI [El ectric Power
Research Institute], went on such a programat Du Pont. | used
t hem as exanpl es for the Al ChE Bl ue- R bbon Committee.
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STURCH G Were these connections with Central Research of Du
Pont and Hercules in WI m ngton?

CHURCHI LL: Yes. The arrangenent at Her cul es cane about because they
invited netoafaculty visitation and conpl ai ned about our | ack of

interest in polyners. | told themthe fault was theirs and how
they could do sonething about it. Fortunately, Bob Cairns (who
just died) was there. He was high up enough to say, “Well, send us
sonmebody next week, and we will change this.” One of the problens

is to deal with sonmebody who has the notivation and power to
change things in a conpany. In the university, you can speak to
an assistant professor and if he doesn't mnd, you can carry his
nmessage to the Dean, but the young people in industry hate to use
up their good will by asking the boss for sone privil ege because
t he boss then wonders, why are they concerning thensel ves about
this peripheral matter?

STURCH G So Cairns was the one at Hercules. Was there a
counterpart at Du Pont?

CHURCHI LL: O fhand |I don't renenber. Perhaps Al Mieller

[ END OF TAPE 4, SIDE 1]

MARCHESE: Wien | asked you about your achievenents at the
University of M chigan, you were perhaps overly nodest. |

noti ced that you wote seventy-eight technical publications,
supervi sed twenty-seven Ph.D. theses, and served on twenty-seven
comm ttees, as well as being heavily involved in the Al ChE and
arranging with Du Pont and Hercules for this program You
apparently had a great interest in international chem ca

engi neering, and visited quite a few countries. | just want
this information to be part of the record.

STURCHI O. After your termas Al ChE president, you went back to
M chigan in 1967. This is just about the tinme that you noved to
Penn. Could say a few things about your decision to | eave

M chi gan and come to Penn?

CHURCHI LL: | was not unhappy at Mchigan. | was conpleting the
first termas chairman and | decided that | really preferred not
to do administrative work. | was tossing around invitations to

be considered for dean at M nnesota and several other places.
One day while flying back fromsuch an interview | thought,
"That's not really what | want to do. | want to teach and do
research.” Al though | had already turned down the Patterson
chair at Penn, they asked ne again through a very fortuitous
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circumstance. Inthe interiml had decided, if | really amto get

back wholly to teachi ng and research, I'mgoing to have to get away
fromMchigan. | do not believe I can really di sengage nyself from
all the commttees and adm ni strative responsibilities such as the
vi ce-chai rmanshi p of the University Senate.

| came to Phil adel phia to give the seventy-fifth anniversary
| ectures at Drexel in February of 1967. There was an incredible
snowstorm and Drexel closed for the day. The Penn people knew
was in town and Art Hunphrey called me at the Sheraton Hotel and
said, "Why don't you conme and spend the day at Penn?" Utinmately

that led to ny com ng here. | have always been glad that | made
this nove. | wote as acondition of comng that | would not serve
on commttees or accept adm nistrative responsibilities. | have

not been able to maintain that position, but at least it was of
some hel p i n di sengagi ng.

MARCHESE: You nentioned that you cane here in order to focus
upon research and teaching. Wat was the nature of your

research in your early years at Penn? You had worked previously
on convection, conbustion, rate processes in general, and

mat hemati cal applications. Ws there continuity or discontinuity?

CHURCHI LL: There was a great discontinuity. | had just undertaken
a large effort on plasma chem stry in which we invested half a
mllion dollars, and | couldn't take that equipnent with ne.
Also, | did not want to go through the effort of rebuilding the
| aboratory in several other areas in which I was working. The
only continuity that | carried, | guess, was the nunerical work
that didn't involve anything except one's head and a few
conmput er prograns, and the conbustion work which | started over
again here. | was fortunate that the first year four fine
graduate students started doing their work with nme. Then for a
few years | was starved for good students. If you |look at ny
career at Penn, 1've had far |ess graduate students here.
During the late 1960s and early 1970s, there just weren't that
many Ph. D. students anywhere because of the Vietnam War. |
woul d have preferred to have as many as | had at M chi gan but
that was not possible here. But that first array of graduate
students made it all worthwhile.

STURCHI O What was the size of your group at M chi gan when you
left?

CHURCHI LL: The year before | probably had about eight graduate
students, despite nmy adm nistrative duties.
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STURCHIO. In restarting your conbustion work, what kind of
sources of financial support did you find? D d Penn provide
that as part of the package?

CHURCHI LL:  Penn provi ded sone hel p, but not very nuch for

equi pnrent. W just did the experinental work with bailing wre.
I did not ask for nore support for hardware. Perhaps if | had
asked for nore, they would have given nme nore. The timng was
fortunate. Penn had that Ford Foundation Gant to nmake this a
center of excellence in graduate work. In chem cal engineering,
we allotted all of those funds to supporting students and
attracting good students. Joseph Chen, Hiroyuki Ozoe, Roneo
Manl apaz, Jai Qupta, and Eddy Hazbun started with me. They nade
the transition very pl easant.

MARCHESE: For the record, this Ford Foundation Grant that you
menti oned was awarded to the University of Pennsylvania in the
amount of $3 million for the expansion of its full-tinme graduate
programin chem cal engineering leading to the Ph.D. degree. An
effort was al so undertaken at this time, around 1963, to recruit
top-flight faculty to the departnent.

CHURCHI LL: | believe that statenent should be corrected. |
suspect that the $3 mllion was for all of engineering. The
ot her departnents generally used the grant for equipnment. It

was Art Hunphrey's decision to recruit faculty and students, and
| think that was very w se.

STURCHIO I n what way was Penn different from M chi gan? For
exanple, it nust have been a nuch smal |l er departnent than
M chi gan.

CHURCHI LL: It was different in many ways. The conparison is
difficult because ny nove coincided with the Vietnam problem -

t he di senchantment of students and all of the associated

di stractions. Qur students were subject to the draft, and no
abl e-bodi ed U. S. student had any assurance that he could stay

| ong enough to conplete his graduate work. At first | thought
that was a |ocal problem but eventually | |earned that the sane
t hi ng was happening at Mchigan. Al though | was not too pl eased
with sone aspects of ny life at Penn, in retrospect these
problens had very little to do with Penn itself. Although we
had | ess undergraduates at Penn, our classes were the sane size
as at M chi gan because there we had divided the students up into
smal | secti ons.

STURCHI O M chi gan st opped having those enornous | ectures that
you spoke about when you were a student?
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CHURCHI LL: Yes. That occurred just in 1947-48, with the return
of the veterans. Even in graduate classes, we broke up into two
and three sections. | found a lot of things difficult at Penn.
We had nmuch poorer machine shop facilities, and consequently it
was very hard to get equipnment built. M chigan had a great
supportive staff because it was larger. | had to do nmany nore

t hi ngs nyself here.

| did find one thing pleasantly surprising. There was |ess

adm ni strative superstructure at that tine at Penn. | was very
i npressed. There was the president, the vice president for
engi neering, the departnment chairmen and yourself. | had no

hesitation in calling Gayl ord Harnwel | or David Goddard on the
phone. They woul d al ways answer and talk with you.
Unfortunately, the reverse has happened in the neantine. Wen
Martin Myerson became president he added echel ons and echel ons
of adm nistration. They have not increased under Shel don
Hackney but neither have they greatly decreased.

MARCHESE: Before we get too far fromthe discussion of your
research, you nentioned that one of the discontinuities was to
reinitiate research on conbustion. Could you tell us about when
you began doing that here at Penn and why?

CHURCHI LL: | began working on thermally stabilized conbustion
at Mchigan. One of ny |ater doctoral students at M chi gan, Tom
Bath, tried to study a process | thought m ght be feasible,
namely burning gas in a refractory tube wi thout a flanehol der.

He succeeded superficially but could never nmintain the

conbustion without the tube breaking. 1In the interim when
consulting for Marathon G|, | discovered that they had sone
furnace el enents which m ght serve that function. | succeeded

in getting themto give us a box of these furnace el enents.
That got Joseph Chen's conbustion work off and running. W got
started on that work pretty soon after | arrived.

MARCHESE: Were the Chen articles that you're speaking of
published in 1972 (34)~?

CHURCHI LL: Yes. Those are anong the nost inportant articles of
ny career, and | amstill continuing that work. One was
theoretical and the other experinmental. Joseph Chen started in
1967, quite shortly after | canme. Then Jai Qupta canme al ong and
wor ked on probl ens which grew out of ny consulting work for
Conch. W were designing underground storage tanks. W had no
idea at all of the rates of heat transfer through the ground.
Jai agreed to make such nmeasurenents. W found sone remarkabl e
behavi or that we didn't expect concerning the mgration of
water. That work was not continued because we never succeeded

i n gai ni ng outside support.
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MARCHESE: Could you tell us about these people that you worked
wi th? You nentioned Chen and Gupta. | noticed you published
extensively with Hi royuki Ozoe, [Hayatoshi] Sayama, [Kazum tsu]
Yamanot o, Paul Chao, and Naom Lior. Tell us about these people,
your interactions with them what research you worked on with
them their effect upon your work, and your effect upon their work.

CHURCHI LL: 1've done nore work with Hi royuki Ozoe than with any
ot her student or colleague. He did his doctoral work with ne on
natural convection, follow ng up work that had been started at
M chigan. He did both experinental and theoretical work. W
continued to do this work jointly when he went back to Japan to
teach. He was in a difficult position in a Japanese university,

| ocked into a system where he still to this day has not been
all oned to have doctoral students. So, he and | continued to
interact. | do some things here and he does others there. He has

better access to conputers than | have, so often he's done the
conmput ati onal work there and we've done the experinmental work

her e--al t hough t hat has been reversed on occasion. | spent four
nonths in Japan working with himin 1977. In 1979, and again in
1984, he spent extended periods here. |It's been a renmarkable

coll aboration. W wite to each other alnbst every week, three
and four letters a nonth. Wenever | have a t hought about
sonmething, | dash off a three-sentence letter and put it in the
mai |, and he does the sane. That way, it's alnost asif he were
here.

MARCHESE: Thi s has been a renmarkably productive rel ati onship.
And just for the record, you and he have coauthored thirty-three
articles, sixteen alone in the last five years.

CHURCHI LL: It has been synergetic and productive. Paul Chao is
a much later student. He continued and inproved upon sone of
the things that H royuki Ozoe was doing. In a sense, he was

al so drawn into that network. He perfornmed remarkably in that
he did theoretical work, experinmental work, and also stood the
conmput er science department on their head by devel opi ng a net hod
of displaying all of these conputations live on a cathode ray
tube. W still have sone interaction. He has been working for
Mobi| for the last five years. Paul Chao's father, who is or
was head of the cenment business in Taiwan, gave ne a hard tine
because | did not persuade Paul to enter academ c work. Paul's
wi fe works for the university. She has a very good job, and
they want to stay in Philadel phia. That has kept himfrom
teaching. Jai Gupta, one of ny earlier students, went back to

I ndia and has taught there. He too has visited regularly at
Penn for summers and we have continued to interact. He has just
publ i shed what | believe is going to be a very inportant book on
heat transfer.

69



STURCHIO In |ooking over the |ist of your students since you' ve
been at Penn, the ones we've di scussed are Japanese, Tai wanese,
and Indian. Is this international flow of students characteristic
of chem cal engineering over the | ast twenty years?

CHURCHI LL: There are two sides to that question. During the
period of 1967-72 or so, it was difficult for U S. students to
be deferred and therefore to go to graduate school. Al nost al

of the students at that tine were foreign. Joseph Chen was from
Tai wan. (Qzoe was from Japan, Manl apaz came fromthe Philippines
and Choi from Korea. Two exceptions were Mel Bernstein and Aaron
Weiner. Both had physical disabilities that prevented mlitary
service. About five years ago, nore than half of the graduate Ph.D.
students in chem cal engineering in the United States were from
outside the U.S. This is because graduate work in chem cal

engi neeri ng has not been particularly attractive for American
students. There were few worthwhile jobs in teaching, and

I ndustry didn't want Ph.D.s. At the University of Pennsylvania we
have since succeeded in noving counter to that. Penn now has

al nrost no foreign students in chem cal engineering. Qur graduate
student body nust be ninety percent Anmerican. W have three
students from University Coll ege, Dublin, one from France, and
several from South Anerica. W have alnost no Oriental students.
You could fill any graduate school with excell ent Tai wanese and

I ndi an students, because there's a large crop that see no
opportunities in their honmelands and would like to come to the
United States.

STURCHIO. It's interesting. This trend is like that in the
| ate nineteenth century when Anerican students went abroad for
training in science and engi neeri ng.

CHURCHI LL: | have students who are teaching in many countries.
I mentioned Jai Gupta and Hiroyuki Ozoe. Roneo Manl apaz went
back to the University of the Philippines and di sappear ed,
apparently because of the political upheaval. | don't knowto
this day what has happened to him

STURCHI O Let me ask you again about the differences between
Penn and M chigan. You nentioned the difference in

adm ni strative structure and admni strative responsibilities,
somet hi ng about the size of the departnent and the graduate
student body. How about conputer capabilities?

CHURCHI LL: M chi gan probably then had one of the two or three best
conputer facilitiesinthe country and Penn one of the worst anong
t he top hundred schools. That has remai ned so. My work has

continued in this field despite the poor conputer facilities and
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access to themat Penn. It's hard to say why this has happened
but it has.

STURCHIO: I n what ways did that frustrate your work in the late
1960s and early 1970s?

CHURCHI LL: Well, it was frustrating because we had to do things
in nmore difficult ways than other people. W were using poorer
(by a generation) conputers than other people, but it has had
some good effects too. The pressure to do just as well wth
poorer facilities has perhaps inspired us to devi se better nethods.

STURCHIO Did it need nore mathematically el egant sol utions?

CHURCHI LL:  No, | don't think so. W just have to be nore
clever; infinite conputer facilities nake you very carel ess.

One other difference does not reflect favorably upon Penn.

M chi gan was one | arge community of scholars. | knew al nost
everyone in sociology, history, math, physics, chem stry and, of
course, engineering. Wwen | canme to Penn | went into a state of
shock. Nobody in chem cal engineering talked to anybody outside
of chem cal engineering. Penn has changed for the better during
the past two decades although it is still a very structured and
noncol | egial place, in ny view This is so partly because
people don't live close to one another. Also, the Faculty C ub
Is not a place to mx, whereas it was at Mchigan. The faculty
sat down together regardl ess of departnent and we got to know
one another. This was very beneficial research-wise. | would
know what the chem sts, physicists and nmat hematici ans were
doing. Wen | had problens it was easy to call soneone.

STURCHIO.  This showed up in your witing while you were at
M chi gan. You nust be one of the few chem cal engineers ever to
quote Aristotle, Mark Twai n, Francis Bacon, and a nunber of others.

MARCHESE: Let ne return to your research. One thing that

i npresses ne after reading the papers that you' ve witten is your
remarkabl e ability to do sonething experinentally and then to cone
right back in the sane article or an associ ated article and propose
some sort of theoretical nodel or solution. You have this
ability to wed, as it were, experinentation and theory. | think
this cones out very clearly in those 1972 papers that we

nmenti oned, on which you collaborated with Chen. You al so

i ndi cated that anong the nore inportant of your works were the
articles on convection that you published in 1983 (35). | again
see there this wedding of the experinental and theoretical.

Wul d you care to cormment a bit about that and al so about the

i nportance of these 1983 articles?
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CHURCHI LL: | have two different comments. First, | think it's
because |'ve al ways asserted that a theorist should run a
critical experinment to make sure he has the right nodel. M
students have al ways known that they would be required to do
both theory and experinent. Wth perhaps one or two exceptions,
every student has done so. A chem st once told ne it cane as a
great shock to himto see this in ny papers because no chemi st
woul d ever devote a paper both to theory and experinments. M
observation is that no one else will do the critical experinents
to test your theory or vice versa.

Generally, a synergismresults fromdoing both. Joseph
Chen's work is remarkable in this respect. He had done
experimental work first and then succeeded in devel oping a
comput er nodel . Because he had no experience in conputing and
because we had such poor facilities, | didn't think anything was
going to cone of the latter. Al of a sudden, he burst out with
a great conputational result which predicted seven stationary
states in conbustion. This cane right out of the blue. He had
not found these nultiple states experinmentally, and we didn't
believe in their existence until we had subsequently | ooked for
and found them H's work denonstrates the conplenmentary nature
of experinent and theory. The next student, Mel Bernstein,
confirmed the existence of all of those solutions experinentally.
That is somewhat characteristic of ny research. Ozoe and Chu
and Choi and all of the students who have continued to work on
conbustion and natural convection have followed this path.

Thi s approach may, however, not be appropriate in al

fields, such as thernodynamcs. |In the transport area, you
never know whether or not the nodel is right. W use a two-
di mensi onal nodel; is the behavior really two-dinmensional? W

have becone very clever in forrmulating critical experinents.
That's how | characterize ny work to prospective research
students. W try to nodel sone phenonenon and then we try to
think of a critical experinment that will test the nodel. That
concept relates to another set of papers beginning in 1972 (37).
| was trying to correlate data and | realized that often one
knew t he asynptotic behavior, and that such information ought to
be incorporated in the correlation. As a general rule, up to
that tinme, people tackled correlation independent of any theory.
The generalized procedure we devel oped works al nost infallibly.
If you can find two asynptotes you have no trouble correlating
data very precisely. O course, that |eads you to devise and

t hi nk about asynptotic behavi or and asynptotic solutions. | may
have witten nore papers on that subject than on any other.

MARCHESE: You wote with R Usagi (37). Wo was he?

CHURCHI LL: No conment.
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| have done quite a bit of work correlating not only nmy own
data but that of others as well. | agreed to wite one section
of the Heat Exchanger Desi gn Handbook and they were so inpressed
with the generality of the correlations that they asked ne to do
three nore sections (35). |In this instance | used that nodel to
reassenble all the data for natural and m xed convection

STURCHI O That routine in a way repeats with your Rate Data in
1974 (28), in that it's the sanme kind of approach to be seen
fromthe [ate 1950s on in your research.

CHURCHI LL: Yes, it fits in very well. Actually, | originally
| eft that method of correlation out of the book but J. D Seader,
who reviewed the manuscript for the publication asked, "Wy did

you |l eave that out?" | said, "I haven't digested it yet." He
said, "I'mgoing to tell MG awH Il not to publish the book unless
you put it in." So, in a very early version it's in that book. I

was i n Houst on Saturday and Sunday giving a two-day course telling
people in industry howto use this technique for correlation.

STURCHI O So, the 1974 book and this technique presunably have
had sone inpact in the [ast ten or twel ve years.

CHURCHI LL: Ch, yes. In the long run that technique of
correlati on may have nore inpact than anything |'ve done. It
may not be very profound, but it is so incredibly useful. It

al so happens to fit very well with conputers because no one
want s graphical correlations or tabulations. It yields a sinple
equati on you can use to sunmarize and reproduce the data and is
therefore of direct use in design. This nethodology relates to
an earlier paper which may be of equal inportance. That is the
paper with Helluns on mathematical sinplification of boundary
val ue problens (38). That technique is, as far as | know, the
first one which reduces all partial differential equations to
ordinary ones if it is possible. Wy this was overl ooked by
mat hemati ci ans, | have no idea. [Garrett] Birkhoff at Harvard
did some related work, but did not include the boundary and
initial conditions or reduce the nethod to practice.

STURCHIO. | suppose it's because the mathematicians didn't have
to worry about the practical applications.

CHURCHI LL: Mat hermaticians are no longer interested in

"analysis."” It has bothered ne all ny career when peopl e say,
"I't's obvious that,” or "If you...." It bugged nme when peopl e
woul d say, "By letting z = y? over X, you can reduce this
expression to an ordinary differential equation.” | kept asking
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nysel f, "Wiy?" | finally asked that question the right way to
David Hel lums. W went through a very exciting week during

whi ch we both found an inprovenent every day. W said, "Wl

| eave the decision on the choice of variables to the | ast step.
Then we ought to be able just to see what to do." The technique
resulted fromthat approach

[ END OF TAPE 3, SIDE 2]

CHURCHI LL: W have done a little nore work on reduction since
then, but essentially the initial work was done so conpletely
it's hard to inprove on. | published a later article in the
proceedi ngs of an Australian conference which updates this
technique a bit, but basically it's all in that initial paper.
Everybody uses this technique now. | even teach it to
sophonores. They may be the only sophonores in the world to
know how to do this. | gave ny junior class a test involving
this technique today. They can produce things that others
believe to be the result of black magic.

MARCHESE: You seemto have this trenendous ability to synthesize
to reach out and integrate. You have brought mat hematics and
chem cal engineering closer together. You' ve worked on problens
that you can integrate into conputer-type problens. You extended
your hand to people across the ocean as you were working at

M chigan and AIChE. | see that as a notif of your work and of
your educati on.

CHURCHI LL: That may al so be a weakness. One of ny problens is
that | don't put any boundary on what | do. Don Katz used to
tell me that | was in great danger in ny career because | didn't
pi ck some nice single problemand becone the world' s expert on
it. He said every time he turned around | was working on a new

problem | don't think | went that far, but | have | ooked at a
broader range of problens in chem cal engineering than nost of
nmy colleagues. | nmay be an amateur in all of these things, but

sonetimes a |l ack of sophistication helps one to see the basic
structure and the rel ati onshi ps between chem cal -reaction

engi neering, heat transfer, mass transfer, nmathematical nodeling
and correl ation.

STURCHIO. They nmay all be different problens, but you use the
same powerful approach

CHURCHI LL:  Sonebody over there has the solution for sonething
over here if you can only identify their commonality. Chem ca

engi neering tends to be very conpartnentalized. 1It's hard to
know who has wor ked previously on the same probl em because they
may wite in different terms. During the |ast few years, | have
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witten and piled up at home, parts of twenty books, al nost al

done. |I'mhaving a great struggle trying to get this activity
wound up because the material keeps building up and | dare not
stop reading. But, these books will be quite different from

anything in print. Four on fluid nechanics have gone to the
publ i sher and should come out in a single volunme in 1988.
That's one of nmy limtations. | try to read over too wide a
scope. Therefore, certain things get away from ne.

STURCHI O.  Anyone working on twenty books certainly has his
hands ful |

CHURCHI LL: | probably wll slacken off on witing research
articles during the next several years sinply because | have
been nmaking a great effort to conplete the set of books on fluid
mechanics. It does take tinme. You can't do everything

simul taneously. | have decided that at this stage of ny career
| should synthesize nmy work if it is ever going to reach other
people. This can only be done in books. [It's not possible in
technical articles. | don't intend to stop doing research, but
| may be less hurried in getting that research into print. |
have a conplete draft done for the book on the techni que of
correlations, but I"'mdissatisfied wwth it. The only tinme I
really have to wite a book is in the sutmmer. | do not have
sufficient uninterrupted tinme during the academ c year.

STURCHI O. How has chem cal engi neering changed over the past
forty-five years?

CHURCHI LL: It's changed incredibly, froman entirely enpirical
field with alittle algebraic structure to one that has becone
very scientifically oriented with a great deal of theory. The
latter is now dom nant conpared to experinentation. This was at
first a gradual process but began to accelerate in the 1950s.
Computers had a big inpact on this transition--conputers and the
fact that the graduate students after the war took advanced

mat hematics. What really transforned the field, as you nentioned,
wer e books such as Marshall and Pigford and Sherwood and Reed.
One of ny distant relatives, R V. Churchill, wote three books
on nodern operational mathematics, boundary val ue problens, and
the theory of conplex variables (39). Those cane out at that
time. For the first tine there were books which engineers could
use to study these subjects.

The bal ance has continually noved in the direction of

theory and is still noving. However, the source of all new
things is observation. Theoretical speculation doesn't nean
anything until people go out and confirmit. | was critical for

a while, although not so much anynore, of Neal Anmundson and CGus
[Rutherford] Aris and their counterparts. They never did any
experimental work and in a sense, asked other people to test
what they were doing for them M/ observation is that nobody
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ever tests anybody el se's theory--you only test your own. For a
whil e, they were doing things so abstract that no one el se would
ever know if they were right or not. O her people have since
tested their work to sone extent. They proved to be doing nore
realistic work than | had originally thought.

STURCHI O What effect has this tendency towards theory in the
past thirty years or so had on chem cal engineering design and
actual applications in industry?

CHURCHI LL: The design elenent fell right into the basenent
after the Ginter Report, but it has been revived by conputer-
ai ded design. The universities may now be farther along than

i ndustry. Warren Seider and Art Westerberg at Carnegi e- Ml | on
and their peers are the leaders in this field now, not industry.

STURCHIO. Now they are designing elements in |arge-scale
processes fromfirst principles?

CHURCHI LL: At least they're synthesizing. They are taking
nodel s of various kinds and putting themtogether. One could do
that before only on a small scale. Conputers have had a big

i mpact on design. This work was started in part by the Ford
Foundati on Project that Donald L. Katz |led at the University of
M chigan. The objective of that study was to find out whether
or not conputers should be used in undergraduate education in
engi neering. Strangely enough, that was a controversial nmatter
at the tinme. Katz discovered rather soon that if a faculty
menber | earned how to use a conputer he inmedi ately becane
favorable. [If he didn't, he always was opposed. It becane
quite clear that the primary problemin the way of obtaining a
fair evaluation was to make sure that the faculty did not have a
personal insecurity about conputers. That is, that they

t hensel ves knew how to use them | think that's true of many
areas. W now suffer froma |lack of people who are good
experimentalists. In the 1960s, very few people did any

experimental work. These were the people that went out to
teach. Most of the young | eaders in chem cal engineering in the
universities of this country are pure theorists. They, of
course, will not teach experinental work or do it. There is a
revival in sone areas, such as the bionedical engineering area,
wher e peopl e know that they have to do experinmental work. There
are whol e other areas where no one ever does experinents.

STURCHIO. Do you think that the inpact of that is going to be
felt in the future, or is that |egacy going to decline?
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CHURCHILL: In time that | egacy will decline. Experinental work
will increase again, but it's at a fairly low point now [It's not
as extrene at Penn as at sone places. Warren Sei der does no
experinmental work, and I don't know whether or not Lyle Ungar
will. Al nost everybody el se on our faculty is basically an
experimentalist. That's unusual. Well, on second thought, [Al an]
Myers i s not basically an experinmentalist, and Ed G andt is not an
experimentalist. So maybe a third of our faculty does little or
no experinmentation. Many universities have a majority of
nonexperi mental i sts.

STURCHI O We spoke earlier about the relative reputations of
M chigan, MT, Mnnesota, and Delaware in the 1950s and early
1960s. How does that | ook now in the 1980s?

CHURCHI LL: It's changed radically in the past ten years. One of
the problens is that the recognition of inprovenent or decline |ags
five to ten years behind the real situation. You can go into an
absol ute funk and nobody will notice for five or ten years. |
think MT did not belong in the top ten departnents in chenical
engi neering five years ago. They probably thought they were first,
but no obj ective neasure woul d have pl aced them even anong the top
ten. If they rated fifth or sixth in the polls, it was only by
inertia. Mchigan was once first or second and |I'm sure fell out
of the top ten during this sane period. Mnnesota and IIlinois

i nprovedin real terns as did Del aware, Northwestern, Houston, and
Penn. The nost remarkable rise of all of these was by Penn. From
1960 to the present, Penn probably made the bi ggest upward step of
any school in the United States. W canme fromnowhere. |If you

| ook, you would hardly find Penn rated in the 1950s and 1960s.
They had a very small faculty with no inpact. Now, we have
reason to think we're one of the top two or three. A poll m ght
not put us quite that high because of inertia. W were tied for
tenth or eleventh in the | ast one about six or seven years ago.

STURCHIO Isit possibleto characterize the departnents that have
come up in the last ten to twenty years in a particular way-- the
way t hat we've tal ked about, say, the inpact of applied mathematics
on M nnesota and M chigan and the other departnments in the 1950s?

CHURCHI LL:  You have, sonehow, to get the attention of other
people, and particularly of the best graduate students. That's
the weat her vane that tells you where the best places are
perceived to be. You could also | ook at publications,
presentations at neetings, awards, etc. Art Hunphrey probably
was the major factor in this rise at Penn. He was proni nent as
a bi oengi neer when al nost no one else was. For a long tine the
majority of students who cane here cane because of Art even

t hough they may not have ended up working for him Now we're
uni que as conpared to al nost any departnent in that we have a
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conpletely active faculty. Al of our faculty performat a
simlar level. W all do research, we all teach undergraduates
and we al | have an active research programw th graduate students.
We have no deadwood. Part of that is good planning, but part of
it is pure luck. Most departnents eventually decay because sone
peopl e who | ook very good at forty quit producing at fifty.
However, they sel domperformso badly that you can get rid of them
| woul d judge that M chigan has twenty-five percent of that type
now. That's a big anchor around their neck which takes a while to
get rid of. Even though you have good young people, their inpact
isn't felt right away. Del aware and Princeton have both had peri ods
of terrible luck, but they soon surnounted it. Dick [R chard

H] WIlhelm who was one of the top people in the country, and
then Leo Lapidus both died very young. Delaware |ost Pigford,
[Jack A.] Gerster, [John R ] Ferron, and [Janes] Wi, but each
time they imedi ately had respectabl e replacenents. Princeton
has been | ess responsive and hence has slunped in the |ast few
years, but they will recover before the good students stop coni ng
because they have a long tradition and a strong notivati on.

MARCHESE: You have el ucidated rel ati ons between vari ous
universities and academ c centers, and how t hey have changed
over the years. Wuld you al so pl ease contrast the relationship
bet ween academ ¢ and i ndustrial chem cal engineers with when you
began to do your chem cal engineering? Has this relationship
changed since then, and if so how has it changed?

CHURCHI LL: | think the rel ati onshi p has al ways been either through
the Al ChE or through consulting, not through research. Such

rel ati onships ebb and flowwith time. The relationship between

i ndustry and acadene is not as strong as it was in the 1950s,
because there were then | ess people and | ess schools. | was |ucky
to be at the center of such an active relationship. W had

i ndustrial fellowships fromperhaps thirty conpani es at

M chigan. No school has that many now. At Penn, we're lucky if
we have five. M chigan does not have nearly as nmany now.
Conpani es then focused their attention on a few schools who were
produci ng a significant nunber of Ph.D.s. Now there are over a
hundred graduate prograns and attention tends to be nore

diffuse. Warren Seider has docunented the decline of academ c

I nfl uence upon the AIChE. There are now few academ ¢ nmenbers of
Council. | believe that this is serious, not that academc
peopl e are special, but because the Al ChE Council is an inportant
forumfor the establishnent of nutual goals and exchange of

i nformati on. When | eaders of the field in acadene are acquai nted
with [ eaders in industry, a desirable synergi smoccurs.

STURCHI O You spoke briefly | ast week about the soci al
rel ati onshi ps anong | eading chem cal engi neers. How has that
changed as the nunber of prograns has increased?
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CHURCHI LL: That has not changed very much. This close rel ati onship
is very unique to chem cal engineering. W all know each ot her
and visit with each other. Thirty people cone here from ot her
universities every year to give lectures. W have soneone every
week. Alnost all schools do that to sone extent. This provides
a great exchange. Mst of us know each other on a first-nane
basis. The Al ChE neeting, the annual one, is a grand gathering

for a large fraction of the faculty in the country. | do not
think the equivalent exists in any other field of engineering,
except possibly in nmetallurgy. In chemstry the physical

chem sts know one another, or at |east the thernodynam cists,
but they don't know the other chem sts. There are just too nany.

STURCHIO. Do you think this is just a scale factor?

CHURCHI LL: The scale factor helps but the situation did not
change when the nunber of faculty nenbers doubled. W all read

the sanme journals. | don't read articles in all aspects of
chem cal engineering, but I still know sonething of the research
of nost other faculty nenbers. | hope that this is maintained

since it has a biginpact on the character of chem cal engineering.
We al | teach essentially the same thing to undergraduates as well.

STURCHI O. Does chem cal engi neering depend on a few central
journals, and has that changed over the past?

CHURCHI LL: There have been several real crises in that regard.
Wth the onset of photocopying many of the journals crashed
financially. For exanple, Industrial and Engi neering Chem stry,
whi ch had 14, 000 subscribers, al nost vani shed. Subscriptions to
the Al ChE Journal also crashed. As a consequence, for fisca
reasons, less and | ess pages were published. Comerci al
publishers filled the vacuum and they have taken over a |arge
role in publication. The review processes and the costs of
subscriptions are a different matter. The commercial journals
may or may not review as carefully. They sell these journals
for $200 or nore a year rather than for $20. Only libraries can

afford to subscribe. [It's an economc trend that's very
unfortunate. A consequence of the high subscriptions is that
t he young people do not have personal |ibraries of journals.

The argunment that led to a recent decision to double the pages
of the Al ChE Journal is that otherw se we would not have a
common literature.

MARCHESE: Tell us a bit about textbooks. How have they changed
over the years? How effective are they now?
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CHURCHI LL: Text books have changed, but they generally |ag behind
the field. There's no direct profit in witing a textbook unless
you chance to hit a very wde nmarket such as Smith and Van Ness
(40). Only a few textbooks ever pay back the author's tine and,
for that reason, they are seldomrevised. There's a shortage of
good textbooks. | seldomuse one. | usually teach from notes.
You are often acquainted with newer things than the textbooks.
Perhaps that's only a characteristic of the research universities.
Vi | I anova woul d probably not teach a course wi t hout a correspondi ng
t ext book and a solutions nmanual. When you teach twelve hours a
week, you don't have any tine to make up new problens or put in
new work. So, a two-tier pattern exists, and | nmay overenphasi ze
the one tier. Mnnesota, Wsconsin, Berkeley, MT, and Penn are
not really worried about textbooks.

MARCHESE: You received the Warren Award in 1976, which was
given for the excellence of your teaching. Wuld you care to
speak about your phil osophy and style of teaching?

CHURCHI LL: M style is sonewhat unique. | know because of the
f eedback from graduate students. I'mnot terribly well

organi zed but on the other hand, | don't read or copy from
books. | just talk to and with the students. Therefore, | go

t hrough the process of confronting a problemwth them They
eventually conme to grips with this interactive approach. Oten
| don't know exactly what |'mgoing to do when | enter the

cl assroom but | know the subject sufficiently well to be
confident. Strange things sonmetimes happen. The students
either like this or they don't. Sonme want sonebody who conmes in
with everything organized and limted in scope. Soon they know
that with me they're going to have to do sone creative work on
the test. 1t's hard even for me to say in advance how |I' m goi ng
totest them | learned this style in part fromG G Brown and
R. R Wite because they taught the sanme way.

STURCHI O During our |ast session you were tal king about Brown,
in particular, using the Socratic nmethod. It sounded al nost
li ke a | aw school cl ass.

CHURCHI LL: Well, withBrownit was. | don't use quite the Socratic
nmet hod. | cover nore ground and ask | ess questions. By contrast,
Joe Martin at M chi gan, who was one of the greatest and nost adm red
of teachers, was terribly precise. No comma was ever out of place.
If youjust listened, helaidout thefieldfor youin perfect order.

Warren Sei der does the same thing. | enjoy | ooking at his
bl ackboard after he gets done and contrast it to m ne which tends
tolook rather disorderly. | wish |l were a little nore organi zed,

but | guess ny way works too. The undergraduate class | teach is
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rated as one of the toughest courses at Penn and is an el ecti ve,
so none of the students have to take it, but they do.

STURCHIO. Has the trend towards a nore theoretical approach in
chem cal engineering percolated down to the entry-|evel texts?

CHURCHI LL: Yes, but I'mnot sure to what extent they are w dely
used. There are several super-theoretical textbooks. There are
text books in fluid nmechanics that | can't read because they're
too mathematical. Slattery's book is an exanple (41). People who
use these books are either nore mathematical than I am or they
do this for reasons of prestige. The students probably don't

under st and these books. There are good textbooks. Wen | |ast
taught stoichionetry I used Rousseau and Fel der's book (42), which
I thought was excellent. | felt very confortable with it. | just

told the students to read it and | would provide enbellishnents.

MARCHESE: Has your style of teaching changed since you' ve cone
to Penn or are you doing the sane things that you did at
M chi gan?

CHURCHI LL: Not greatly. The content changes conti nuously but
not ny overall style.

MARCHESE: How about your interaction with your Ph.D. students?
Do you deal with themin the sanme manner in which you dealt
with them at M chigan?

CHURCHI LL: Yes. After they' ve worked with nme a year, they
becone part of nmy extended famly. They becone ny life-Iong
friends wherever they are in the world. Wen | went to Houston

| ast week, | had dinner with three of themthe two nights | was
there. W keep in close touch. They sonetines call ne, just
to say hello. | did not intimdate any of these people, at

| east after they got to know ne.

MARCHESE: You nentioned when you did your dissertation that
Brier was your adviser and that while he supported you, you

nore or | ess worked on it on your own. How do you relate to
your Ph.D. advisees while they are creating?

CHURCHI LL: | probably lay a | ess heavy hand on them than nost
of nmy colleagues. | tell themto try to do this, ask them how
they are getting along, and then make suggestions. A penalty of
working for me is that you are expected to be creative and exert
considerable initiative. Utimtely |I expect themto do
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somet hi ng other than | suggested. Very few students have done
just what |'ve told themto. | push themin a direction, believing
there's sonething there, and then they find sonething nore

i nportant than what | thought would be there. Mst of their
theses reflect themas nuch, if not nore, than they reflect ne.

| keep telling them "It's your thesis, not mne." They do pick
up, or at |east are thoroughly exposed to ny phil osophi es of
research in the three or four years of our daily interaction

[ END OF TAPE 4, SIDE 2]

STURCHI O  How do you think things have changed for a young
faculty nmenber starting out now as opposed to 1952 when you got
your first full-time job at M chi gan?

CHURCHI LL: Oh, it's drastically harder for the young faculty now.
I was not i medi ately expected to go out and rai se enough noney to
support all of ny research. | had never really felt pressure for
tenure. Maybe | just didn't know any better. | always assuned
that I would do the right things and woul d be pronoted. |ndeed,

| was pronoted within three years so that issue never really cane
up. | was pronoted to full professor in two nore years and was
thereby relieved of that pressure. | think the young faculty are
now under too rmuch pressure. They have to perform and produce

al nrost instantly. W do all we can to help them W assignthem
t he best graduate students. W' re supportive of themand don't ask
themto do too many other things. Still, the pressure to publish
and to acquire research funds is really very intense.

STURCHI O Just to give us sone order of magnitude difference
how nuch capital expense was involved in your first series of
resear ch probl ens at M chi gan versus what a typical faculty nmenber
woul d have to conme up with today to get started in research?

CHURCHI LL: For nobst people today capital costs in the sense of
equi pnment are not the problem At M chigan nost of the graduate
students were supported by Dow or Du Pont or Exxon fell owships or
thelike. In a sense, all afaculty nenber had to do was scrounge a
little noney for equipnent; the conputer was free. NMoney was not
a burden. O course, we sought and obtained research grants to
support students, but we did not feel that was a necessary thing.
Here on the other hand, we have to find $25,000 or nore a year
just to support each student, plus noney for equi pnment and the
conputer and supplies. It nmay take $70,000 a year froma research
grant to support one student. That is the real burden--running on
a treadm |l to provide that noney. In part this is because Penn
is private and has over $10,000 a year tuition. At M chigan
tuition was then of the order of $100. Today, Mchigan's tuition
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is probably $2,000, so they are noving in our direction. All
school s have this problem nore or less. The state universities
have, until recently, been much better off financially than we
have. But, financial worries are catching up with themtoo.

STURCHIO. It's interesting to reflect on how M chi gan and ot her
universities in the 1950s had a |lot of industrial fellowships,
which were the | egacy of fifty years of interaction between
acadene and industry in science and technology. After Wrld War
1, when universities began to depend nore and nore upon federal
support, it seens that the old ties between university and

i ndustry which led to these fell owships died away. Now,

al t hough we have new interest in industrial support of academ c
research, the kind of bread-and-butter support that you were
just tal king about, where graduate students had industri al

fell owshi ps, seens to have gone away.

CHURCHI LL: That's the obvi ous concl usion, but a bigger factor may
be that nost of the industrial grants have al ways had the purpose
of recruiting students. Fellowships goto the places that have the
best students. Pennis one of the places which has the best students
and therefore gets relatively nore support, and chem cal

engi neeri ng nore than any ot her departnment. Fellowships are in
short supply for chem cal engineering nationally because the
chem cal and petrol eumindustries, which have been very

enl i ghtened about this, are nowin a tight-belt position. There's
no question that our support, which had been going up for sone
time, has suddenly turned down. Fortunately, many of these
conpani es have given us five-year grants. Wen these run out,

it wll be very tough to obtain renewals or replacenents. Mbst
of the conpanies take a very short-range view. As soon as they
see a down-turn in inconme, they turn off their fellowships. The
times that 1'm speaking of at Mchigan were the boomtines for
petrol eum and particularly for petrol eum producti on.

MARCHESE: |Is this turndown in funds for fellowships a | eading
i ndicator? Does this occur before they actually experience
difficulties?

CHURCHI LL: Well, | once heard sone stock anal yst at an Al ChE
neeting saying that he indeed used that as an indicator. He also
said that you could identify the upturns and downturns even nore
clearly by the hirings and expenditures of the equi pnment and
desi gn conpani es because | ong before an upturn in production, Du
Pont goes to United Engi neers and asks themto start designing a
plant, and they have to hire people. That's the first key for an
upturn in any phase of industry. Many chem cal and petrol eum
conpanies are still |ooking casually for Ph.D.s, but they' re not
hi ri ng many under graduat es.
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MARCHESE: Speaki ng of Ph.D.s, you nust by now have had al nost forty
Ph.D. students. Could youtell us what careers they have foll owed?
What has been your role in helping themto find enpl oynent?

CHURCHI LL: Well, | always try to help themfind and choose a job,
but this is less of afactor than for a chem st. The professor in
chem stry actually goes out and finds the job. |If one of ny

students wants to go to an industrial interview, | have a limted

role other than witing recommendations or tal king to peopl e about
how capabl e they are. In looking for a faculty position, students
i n engineering nmust also exert quite a bit of initiative. A
faculty nmenber may have nore inpact here than with industry by
answer i ng, when asked, how he rates the student. He may greatly
i nfl uence their career by what he says. The market influences

t he choi ce bet ween teaching and industrial research. Wen nost of
ny students went into teaching, it was because teaching was a
viable option financially and because there were many
opportunities. Opportunities in teaching have been fewer in
recent years and fewer of ny students have gone in that direction.
| have al ways encouraged themto t hi nk about teaching as a career,
at | east those that | thought were well suited. Sonme of them| did
not feel confident of in that respect.

I woul d guess they're split about 50-50. Peter Abbrecht, who
was ny first student, went to work in industry, then came back to
school for an MD. He's now in bionedical research. He says he's
a chem cal engineer practicing in hospitals. He taught at the
University of Mchigan for a long time. Now, he's at the National
Institutes of Health. Mrt Myle first went to work for Du Pont
here at Gray's Ferry. Then he taught at Lehigh. He was killed
tragically while very young. Bill Mrtini taught as an adjunct
at the University of Washington but primarily worked in the
nucl ear industry just as he had before his graduate career. He's
now working on Stirling engines as a consultant in that area.
Herb Zellnik has often taught part-tinme in universities, but he
initially worked for Scientific Design (Ral ph Landau's conpany).
Bert Larkin taught briefly at the University of Col orado but he has
been working in the aerospace industry for many years. Marty
A uckstei n has | ong been an adj unct professor at Wayne but works for
Ethyl in Detroit. Don Sundstromwent to the University of
Cincinnati, then to Allied Chem cal, and has been at the University
of Connecticut for a long tine. Bill Luckow went into the nucl ear
i ndustry and has stayed there. Roy Geal er has been at Ford Mdtors
since he graduated. George O ark has been at Conoco si nce he
graduated. | cannot tell you where Gene Stubbs is. Richard Ahl beck
wor ks for Anobco. Irving MIller first went to United Aircraft and
t hen t aught at Brooklyn Poly. He's now Dean of the G aduate Schoo
at the University of Illinois, Chicago Crcle, and still is working
actively on bionedical research. Bill Zartman, one of the best
students | ever had, has al ways wor ked for Exxon. Ji mLeacock works
for Scientific Design. John Chen worked for Brookhaven Nati onal
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Laboratories for many years, then went to the Mechanica

Engi neeri ng departnment at Lehigh and is now chai rman of Chem cal
Engi neering, and a D stinguished Professor there. David Helluns
went directly to Rice. He was chairman and is now Dean. Tom Bath
has al ways worked as a consultant in Washington, D.C. Larry Evans
went to MT. | remenber talking to Larry and telling himnot to
go there because they never kept anybody but their own graduates.
Ed Glliland subsequently called ne. He was angry and said, "Wy
did you tell Larry that?" And | said, "Well, it's true." He said,
"No, I"'mfromPenn State." | said, "Nane ne sonebody else.” He
said, "All right, but we'll give Larry a fair chance." Larry
eventual | y becanme executive officer of the departnment and has
remai ned there all of his career. Bob Rigg first worked for
Standard G| of Indiana but nowis with Dow Chem cal. JimWIkes
went to Canbridge University to teach and then cane back to

M chi gan. He has been chairman and still is on their staff. Car
Vinson went to 3M and then noved to D anond Shanrock. Dudl ey
Saville cane from Cal Research to graduate school at M chigan,
went to Shell Devel opnent, then to Princeton University where he
has been teaching for fifteen years. M ke Sanuel s taught at

Del aware and then noved over to Du Pont. He's still an adjunct
professor, but is primarily with Du Pont. | spent many hours
trying to persuade Warren Seider to teach. He had no interest
what soever, and then Don Katz got hi mworking on the Ford
Foundation project. Warren was rated by the students as being

t he best teacher inthe group and was hooked. So, he cane to Penn

STURCHIO. He was your last Ph.D. at M chigan?

CHURCHI LL: Well, Dudley Saville and M ke Sanuel s and Warren Sei der
all finishedin 1966 and 1967. |'mnot too sure i n what exact order.

STURCHIO. He was at Penn before you canme?

CHURCHI LL: W came at the same tinme, rather independently. He

was very shocked. | had been on | eave at Mchigan, and therefore
| owed thema year. | told Penn that | had to stay at M chigan
for a year. "If you still want nme, I'lIl cone a year from now. "

Presi dent Harnwel | said he woul d negotiate for me to cone at once,
but we agreed not to tell anybody at Mchigan if | had to stay
that year because | just did not want to be a | ane duck, so to
speak. Actually, Harnwell succeeded in negotiating that | cone
here at once. In the neantine, Warren had cone here and sonebody
told himabout ny arrangenent. He canme back to Ann Arbor with a
| ook of shock on his face. He had told Penn he woul d come, but
then he wasn't sure he wanted to because people would think of
himas nmy student rather than as hinself. But that has not been
a problem W have renained friends, but we have never done
resear ch toget her
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Joseph Chen was ny first student at Penn. First he worked
wi t h Hooker Chenical and then with Cccidental Research. He later
becane involved in the real estate business in Oange County and
dropped out of chem cal engineering. Hiroyuki Ozoe went back to
Japan and has al ways been at Ckayama University. Romeo Manl apaz
went back to Manila in 1971 and pronptly di sappeared. All of ny
| etters have come back marked "address unknown." O her students
have tried in vain to find him The Ford Foundation said they
woul d trace him and then they told me to forget about it. They
said, "He mght be better off if you do not wite.”" | have no
| dea what has happened. | net Jai Gupta at |1 T Kanpur when | went
there for avisit through the Al D program and persuaded himto cone
to Mchigan. After his MS. he went to work at UCP and when |
noved to Penn he came here for his Ph.D. He has taught at IIT
Kanpur ever since. Eddie Hazbun was working for Rohm and Haas
after receiving a master's degree fromour departnent. \Wen
was consulting for them a problemcane up and he asked Rohm and
Haas if he could do it for his Ph.D. thesis. That eventually
wor ked out, but he noved to ARCO Chemi cal because Rohm and Haas
refused to Il et himpublish the experinental portion of his
research work and is now their director of research. Hunbert
Chu was first with Exxon Research, and recently noved to Shell
| had dinner with himlast week. Aaron Winer died. He was
wor king for Du Pont. Ml Bernstein is with Exxon. Shyy-Jong
Lin was with United Engi neers, but nowis w th Hydrocarbon
Research. Byung Choi is with Mbil at Paul sboro. Paul Chou is
also with Mobil at Paul sboro. Harry Tang is at Shell. Lisa
Pfeferle, who finished | ast year, is teaching at Yale. Perhaps
| m ssed sonmeone, but those are nost of the students.

STURCHIO. That's quite a group. The interesting thing from
your running through the list Iike that is the novenent between
acadene and industry.

CHURCHI LL: A lot of themdid. That has al ways been consi dered
the right thing to do. |In principle, everybody says that
academ ¢ people should work in industry so that they know what's
going on in practice. But the fact is that we can hire the best
young people in the United States on our faculty when they
finish their Ph.D.s, but we can't hire themat a later tinme when
they obtain, as we say, golden handcuffs. Their salary goes up
much nore rapidly than at a university, they marry, buy a house,
and if they are good, the conpany will do anything to keep them

STURCHIO. Do you see a way around that?

CHURCHI LL: My argunent with industry has always been to hire
new young teachers as part-tinme sumer consultants so they can
obt ai n experience and an industrial orientation. Warren Seider
once felt a deficiency this way, particularly because he teaches
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design, but I don't think he does anynore. He knows he's ahead of
i ndustry, but it has been a long tine to devel op that assurance.
He's been an active consultant. He worked three sumers for
Exxon. He has had a lot of interaction with industrial people.

STURCHIO.  You were fortunate to have that five-year period in
I ndustry when you did.

CHURCHI LL: That is nore and nore unusual. | have nore experience
t han anybody el se on the Penn staff. A period in industry prior
to teachi ng doesn't happen very often anynore. The students ask,
"You did this. Can't |I also go toindustry and then come back for
ny Ph.D.?" The answer is, "lIt's alnost inpossible financially.
Young people do not mnd continuing as students on a subsi stence
basis. But after they becone used to a salary of $30, 000 or

$40, 000 a year, they have a hard tinme leaving to live on $5, 000
a year. They have established a confortable lifestyle. They are
used to having a car; they may be married and have chil dren.
Qccasionally, it still happens. Three or four of nmy students did
this. Dudley Saville, Bill Martini, Donald Sundstrom Morton
Moyl e, and Irving MIler. Peter Abbrecht even went back for an
M D. ten years out of school, which is a real acconplishnent.

In so doing he stirred up the whol e nedical school. They didn't
want himto finish because he already was doi ng superi or

research as a graduate student. No one has a solution to the
probl em of industrial experience. |Industry always says they'l

be glad to have your people with themon |eave for a year, but
young peopl e cannot consider that alternative because they nust
obtain tenure in six years. The university is not going to make
a sufficient exception for a year which will result in a big gap
in research and publication. The |eave may be beneficial, but
it's not going to show up when a provost |ooks at their
credentials. This remains an unsol ved probl em

MARCHESE: You have gone through your Ph.D. advi sees and brought
us up to the present. Penn's cheni cal engineering departnent
puts out a publication indicating current research interests.
["mjust going to go through themand you tell ne if this in
fact is what you're working on now and if you have anything you
may wi sh to add. They indicate conbustion, natural convection,
liquid mgration, rate processes and correlation, and finally
conputerized analysis. |Is this what you' re doing now?

CHURCHI LL: The natural convection work is currently in abeyance.

My only connection with that is sone work with Hi royuki QOzoe in

Japan. | have no student working in that field here because the

government has cut off all support for the area of solar collectors

and passive solar heating. | hope to resune that research, which

| have worked on throughout my career, when the direction of the
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research wind shifts. The water migration work is in that sane
status. It's sonmething that | have dabbled at for a long tine

and want to conplete, but nobody's willing to provide financi al
support. Al of ny current students are working on combustion

because | have three contracts in that area.

MARCHESE: Wbuld you tell us which scientific organizations you
bel ong to currently?

CHURCHI LL: The American Institute of Chem cal Engineers, the
American Chem cal Society, the Conbustion Institute, and honorary
societies like Sigma Xi and the National Acadeny of Cheni cal

Engi neeri ng.

MARCHESE: Wbuld you also |ist your najor awards?

CHURCHI LL: The Prof essi onal Progress Award, the Wal ker Award, the
Warren K Lewis Award, the Founders Award of the Al ChE, and the
Max Jakob Menorial Award i n Heat Transfer of the ASME and Al ChE.

STURCHI O Wuld you like to say anything about your famly?

CHURCHI LL: | have four children. None of themare in

engi neering, although ny son certainly has strong scientific
proclivities. He's a consultant in San Francisco. He works in
conmput er systens al though he has had no formal training in that
area. That's Stuart Lewis. M/ ol dest daughter Diana is thirty-
two, married, and has two children, but works full-tinme at hone
for Xerox doing nonscientific work. M third daughter, Cathy,
who is in Berkeley, California, is an artist. She works in art
restoration but she's a painter and scul ptor at heart. She has
been an artist since the day she was born; | have paintings she
did when she was three. She has won many awards but has had a
very difficult tine trying to support herself with art. M
youngest daughter is nineteen and is a freshman at Hope Col | ege
in Mchigan. | was divorced fromny first wife in 1968 and
married ny second wife, Renate Trei bmann, in 1974. She is the
editor of International Chem cal Engineering, and | net her

t hrough t he Al ChE.

VWhen we married we thought about living at Princeton or
t her eabouts so she could commute to New York and | to
Phi | adel phia. She had just becone editor and it would have been
a shame for her to give up that kind of job after she had worked
for it for so long. But M. Van Antwerpen said, "Well, you can
take your office to Philadelphia.”" So, since 1974 she has done
that job in our honme.
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STURCHIO. It nust be hectic having two chenical engineers in
the famly.

CHURCHI LL: Well, we have many nutual friends and nutua
interests. | help her and she hel ps ne.

MARCHESE: |'ve been neaning to ask you sonet hi ng about
yourself. You are known as "the |l eopard.” Could you pl ease

tell us how this occurred?

CHURCHI LL: This was just a nicknane given to ne by sone
Japanese friends. They gave nme a nedal with a Japanese synbol
for a leopard. It is a fun thing, nothing very serious.

STURCHI O. That brings us close to the end. 1s there anything
t hat we should have asked you that you would like to tal k about?

CHURCHI LL: | wrote down a few things we have not discussed, but
they are not inportant. As | said, | have been very lucky all of
my career. | have always been paid for doing what | like to do

best. Wien | was Vice President of the AIChE, | renmenber

i ntroduci ng Dr. Pike, an Epi scopal bishop who was speaki ng at our
San Francisco neeting. W were having cocktails before the

| uncheon and he was telling us what he was going to tal k about,
whi ch was the inpact of conputers and the shorter work-week on
society. | renmenber telling himthat | don't think it would have
much effect on chem cal engineers because they work seventy hours
a week and woul d keep on doing so. W had a little discussion on
this and, remarkably, he conpletely changed his tal k and gave a
talk to that effect at the neeting. | was inpressed at his
ability to shift topics at the |last nonment. He recognized he

m ght have had the wong nessage for the wong crowd.

I had also told himthat chem cal engineers had the | owest
di vorce rate of any group (which was true at that tinme; | don't
know whet her it still is). He said he knew why. He said nost
marri ages he knew couldn't stand the husband bei ng hone four or
nore hours a week, and that obviously chem cal engi neers were so
notivated by their work that the shorter workweek woul d not
i npact nost of them M wfe sonetines jokes and sonetines nay
be serious about the fact that | would probably be happy working

all the tinme. It may well be true. | do enjoy tennis, skiing
and runni ng, gardening, and other things but doing research or
writing papers or books is a work of love too. | guess that is

what all of us would |like of a career, to be allowed to do the
things that are self-satisfying and self-rewarding. This has
been nmuch nore possible in an academic career. In industry, I
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enj oyed what | was doing and felt excitenment and acconplishnent,
but I was doi ng sonebody el se's thing, not ny own.

MARCHESE: And your work extends beyond yourself. It has an
ef fect upon ot hers.

CHURCHI LL: It does, and as you see, ny friends in the world are
ny fornmer students and the students here now. That's an
advantage to teaching, which is not true in any other field.

You continually deal with young people and fresh ideas and are
forced to be involved with change. | think that is very healthy
and desirabl e.

Il would |like to make one additional conment pronpted by
review ng the work of ny doctoral students. They all worry
whet her soneone will preenpt their research while it is in
progress and whether the results will prove inportant. In
retrospect alnost all of the experinental studies remain
benchmarks to this day. Sone of the nunerical solutions have
been superceded because of better conputers and al gorithns but
even they generally have a recogni zed historical role. The few
theoretical results which have stood the test of tinme are the
nost fanous because they are nost often referred to. | may not
have al ways chosen the best topics for research but nmy students
have none-the-less erected a structure of which | amvery proud.

STURCHIO.  That brings us to the end of a very informative
series of rem niscences on your |ong and distinguished career.

| would like to thank you very nuch for taking the tinme to
di scuss this with us and for getting it all on the record.

CHURCHI LL: It was fun too, because |'ve reflected on things
that | hadn't thought about for a long tine.

[ END OF TAPE 5, SIDE 1]
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