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General

As Pulbrizht Research Scholar, the writer was privileged
to spend the academic year 1952-53 at Grenoble, France; in addition,
through arrangements vith the Office of Naval Research, he-nad the
opportunity of attendin.; the Eizhth International Congress for iap-
plied Mechanics at Istanbul and of visiting laborateries in neighbor-
ins countries durin: the remailnder cf the thirteen-month period that
he resided atrcad. These visits duplicated in part those that he
had made on four previous nccasions, the last of which was reported
upon to the Burcau of Ships in November 1546. They also supplemented
those made by his cclleague, Dr. Jchn S, McNewn, following a similar
Fulbrisht year and reported upon to the Office of Naval Research in
January 1952. The present notes will largely avoid repetition of
materizl contained in these reports (and in the annusl summaries of
the Internaticnal association for Hydraulic Research), direcuving

attention to complementary aspects of the present European labora-
tory situation,

Leavin,; Iowa City the latter part of July 1952, the writer
proceeded directly to Grenoble, thence to Istanbul for the Applied
Mechanics Con 'ress early in Aurust, and back tc Grenoble in Septem-
ber, His time there was divided between the university, where he
held a nomiral exchange professcrship and supervised several ad-
vanced rescarch projects, and the Etablissements Neyrpic, where he
wos cnrased in the completion of a history of hydraulics. Visits
to Beoloium and England in the spring of 1953 resulted fyom invita-
tions to deliver lectures on the work of the Iowa Institute at Liege,
Ghent, Louvain, Brussels, London, and Cambridge, These lectures
were alsc iven in full or in part at Paris, Toulcuse, Milan, Ham-
bur:, and Karlsruhe, in the course cf separate trips to representative
institutions in France, Italy, and Germany durin; the summer., Labora-
tories in Switzerland, tc which Grenoble is very close, were visited
on several occasicns,



Applied Mechanics Congress

By now wecll in the past, the Eighth International Congress
for Applied Mechanics will probably remain in the memories of partici-
pants for its social rather than its technical excellence, Istanbul
was an unequalled attraction, and fuil advantage was taken of its
entertainment possibilities by the organizing cormmittee, The less
satisfactory nature of the technical sessions themselves was as much
the fault of the participants as of the organizers, The setting in
the new university buildings was a mixture of extremes - beautiful
rooms with poor summertime ventilaticn, an elaborate assembly hall
that was so large as to eliminate the personal element from the
general lectures, and so on, But whereas the cornigresses were once
truly international, that at Istanbul seemed to be divided into a
series of national cliques: the sessions in French were attended
almost exclusively by the French, those in German by the Germans,
and those in English by the English and Ameri~ans, Language abilities
surely played a leading role in the mass turnover preceding each paper,
but one wonders as to the uscfulness of attending such a meeting to
those who arrange to hear only what they could hear at home. Un=
fortunately, moreover, a considerable portion of the nunerous papers
were either sccond rate or had already been given elsewnere, so that
their presentation on the Istanbul program ~: 3med largely a means of
Justifying the trip. Thc congress proccedings, usually a noteworthy
addition to mcchanics litcrature, did not appecar to warrant publica-~
tion exccpt in abstract and gcneral-lecturc form.

France

Though once the primary sourcc of hydraulics principles,
Francc lost this position of leadership early in the prescnt century,
and by and large the goencral situation has since remainced unchanged.
The country's engincering and scientific interests have tended prima-
rily in the theorcetical dircction, and the widesprecad application of
thcse theorics scems to lic beyond cither the interest or the ability
oi its scicntists and c¢cngincers, It is for this rcason that the
Laboratoirc Dauphinois d'Hydrauliquc of the Etablisscments Neyrpic at
Grecnoble, probably the greatest organization of its kind, is a whelly
atypical Frcnch phenomenon, Largely the crcation of onc man, Pierrc
Dancl, this laboratory cmbodics a healthy combiration of theory and
practicc, of spccific model tests and fundamental investigations, and
of pcoplc of many intcercsts from many diffcrent countrics, As a come
mcrcial rather than a government- or university-sponsorcd organiza=
tion, thc Neyrpic laboratory stresscs the development of trained person—
ncl and the provision of spacc and source material rather than of per-
manent cquipment, In fact, except where refincment is definitely
nccded, the cxperimental facilitics thomselves arc the least impressive



part of tht cstablishment., Facilitices and persennel are steadily
incrcasing, howcver, and the laboratory now dwarfs, in spacc if not
in staff, thc turbinc factory to which it is attached., The general
naturc of its work has changed 1ittle from that described in the
McNown report; but the size of the organizaticn is approaching - if
it has not alrcody passed -- the point of cptimum efficiency and cf=-
fectiveness, the latter still deponding as it originally did upon
close contast between the dircctor and those cngaged on the actual
projects,

Onc phasc of the Neyrpic cstablisament which cannot grow
too largc is that with which tnc writer was most closcly associated:
thc reference library on hydraulics and rclated fields, This is withe
out question the most active and extensive in the world, Danel had
initially collected several hundred volumes of carly source material,
which, as professor, hec presented to the university library, Upon
his association with the Neyrpic firm, hc began thc collcction of
additional matcrial, both old and currcnt, and the proccss has cone
tinucd with cver greater zeal, Not only does the library now con=
tain many thousands of books, countless reprints and microfilms of
individual articles, and current subscriptions to all pertinent
journals, but cach is thoroushly cross-andexed, and an average of
ncarly a dozen people give their full attention to thc maintcnance
and cxpansion of th¢ collection. Abcve all, the refercnee facilities
arce in constaont usc by 21l scctionc c¢f thc laberatory. Whether for
the historical work carricd on by the writer or the contemporary
rcsistance -nd wave studics conaucted by Dr. McHown, to cite cxtreme
cxamplcs, in ne cthor library couid the pertinent material have been
found so convenicntly and completely,

The fluid mechanics lavoratory of the University of Grenoble
is more noarly typical of those found clscwhere in France., It is
cquipped primarily fer svudent instruction but provides limitcd ro=
scarch facilitics for three or feur post .graduate assistants, Its
new dirccter is Profussor Julicn Kravichenko a mathematician who
noncthelass posscsses the irnitintive and national contacts that may
well bring itc experimental activitics into greater promincnce. The
writcr was ~sred to supcurvisc onc phase of a doctoral project of
some five yenrs' standing on n rathcr narrow two dimensional modcl
of -n (joector pump, Hue suggested that another doctoral candidate
utiiizc the rolaxation method for the analysis of froc=surface flow
toward partiolly penctratang wells. And assistance was provided
him for 2n originzl study of turbulcnt diffusion across a density
intorfoce, with equipment provided by Neyrpic. A now project for
which cquip.nt was instnlled during the year involved the efficiency
of Pclton=who 1l jets. Professor Antoine Craya, proeviously a visite
ing profcssor it Jowa and Columbia, rcturncd to Grenoble the middle
of thc ycar, a move which strengthened considerably the laboratory
staff,



The two other French laboratories visited by the writer,

that of the Elcctricité de France at Chatcu, near Paris, both of
which were described in thc McNown report. Suffice it to say that
the Chatou crganisation, under A. Nizcry, alrcady posscsscs many
of the characteristics that have made Neyrpic famous, and that
Profcssor L, Escande, at Toulouse, is simultanecusly continuing the
typc of work begun carly in the century by Camichel, engaging in a
large consuwlting practice, and writing prolificaliy,

Belgiun

Of the four Belgizn universities, only thosc at Lidge
and Ghcnt have hydravlics laboratories, and the writer was able
to inspcct only the former, Under the leadership of Professor Alb,
Schlag, this modern laboratory is devoted primarily to student in-
struction, for which it is well adapted. Only twc roscarch projccts
appcarced to be in progress., Onc dealt with the phenomecnon of pro-
pertionate overflow at the ¢nd of a channcl carrying a fluid with
density stratification, Thc other was a continued calibration of
the pneumatic device developed by Jorisscn for the prediction of
hydraulic roughness in terms of the ratc of lateral leakagc of air
undcr pressurc through the controlled longitudinal gap between the
device and the pipe surface, Good corrclation is claimed for the
many tests that have been run, but it would scom to the writer that
thc resuits would be biased in favor of the lateral direction.

Judging from thc considerable litceraturc published by
Profcssor L, J, Tison, who is in charge of thc Ghernt latoratory,
primary interusts lic in the usual civil-cngincering directions
of hydraulic structurcs and scdiment, The same is truc of the
foderal loboratory at Antwerp, which tho writcr was also unable to
visit., Both Schlag and Tison complained repeatedly of the difficulty
in obtaining grzduate assistants in the face of current employment
salaries offervd by federal and private organizations, their staffs
being limited to two or three young cnginecrs.

Italx

The writerts laboratory visits in Italy were limited to
the four universitics in the northern part of the country, and that
nt Turin was unfortunately closced for the summer at the time he passced
through., The remaining three - Bologna, Fadua, and Milan - displayed
both similaritics and dissimilaritics, Student instruction in each
appcarcd to be limited to demonstration, so that thedir major activity
was rescarch and toesting, Othcerwisc onc was impressive for its new-
ness, onc for its age, and onc for its breadth of crdeavor,



The Bologna facilitie: were comple’ely destroyed in the
war, and hence buildings and equipment, recently completed in modern
style, were not yet in full use. Professor G, Evangelisti's hydraulic-
structures laboratory already had in cperatinsn a project on high-ve-
locity bends, Professor Bupinc's hydraulics laboratory seemed to be
concentrating ¢n a high~speed dirorter for fiow measurement,

Following Professor Scimemi’s death a year ago, leadership
of the laboeratory at Padia had passed to Frofessor F, Marzclo, Pro-
jects of which the equipment was still in operation or existence were
largely specific model stadias eof hydrauwlic works., There was evident
an interesting lack ol parallel between the antiquated appearance of
the facilities and the vast amount of literature that continues to
come from th's establishmert,

Professor G. Le Marchi's laboratory at Milan is large, active,
and well staff~d. Experaiments were 1n prugress on air entrainment,
siphon similitude, and wave ameloriation in forebays, and vestiges
were left of mary model tests recently run, 1In view of the fact that
ultimate attention is given there to applied investigations, the obvi-
ous familiarity of the sta®f with basic principles and the healthy
coution against generalization werc heartening, This laboratory is
undoubtedly the major one in Italy from 2ll points of view.

Switzerland

Aside from such private laboratorics as that of the Escher=
Wyss plant visited by the writer in 1946, Swiss research in fluid
motion is conducted at the French- and Gemman-language universities
at Lousanne and Zuirich, respectively, each of which possesses active
civil.s and mechanical--enzineering divisions, For the size of the
country, thc Swviss cnginecrs ar2 very active and rather self-center-
ad, their attention bein; focused largely c¢n their own past and
present accomplishments - which, to be surc, arc usually excellent,

The hydraulic-machinery laboratory at Lausanne, under
Professor P Ogucy, is primacily for rescarch, two special units
becing devoted to the study of jet dispersion and -urbince cavitation,
Profussor D, Bonnard's laboratory fer hydroulic structures, only
looscly conncected with the wiiversity. was engoged in so many spe—
cific model tosts for the govornmeni that the small quarters secemed
a bechive cf activity. The two laboratories arc located in a center
of rather stimulating scientific rescnrch in relatced fieclds, note-
worthy amon;: which was the study at reduced scale of dam deflections
under load,

With the rctircment of Professor Meyer-Peter, direction of



the hydraulic-structures laboratory at Zurich has becn token over
by Profcssor G, Schnitter, formerly a oracticing hydraulie zngingcer,
The originally large experimental hall had becn doubled in size

since the writer's last visit, yct both scctions were well filled
with model tcsts for Swiss power developments, The laboratory of
Profcssor J, Ackeret, now the unofficial dean of fluid mechanics in
Tcutonic Europe, is still devoted primarily to rescarch in acrody-
naunics and supcrsonic flew - his latest domonstration involving the
ignition of wood by a supcrsonic jet of air directed into a small
cavity.

Germar

For the rirst time the widtcr had the opportunity of
visiting the plant of A, Ott at Kempten, thc source for many dccadcs
of such prucision instruments as planimcters and current meters, The
founder and his son arc no longer livinz, but the »lant is still

managed by 2 member of the fomily, His greatest pride was the per-
cctlon of a2 current metcr indicating the cosine function of the

lscity up to angics ns high as 459, The writer was intrigued by
vhe fact that the propeller has thercby becn restored to the scorew
form from which it was derived, the helical blades often extending
for a complcte turn aleng the shqft; it appcars, morcover, that
their design is now jecometric rather than hydrodyneomic,

f
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At thc Walchensce in Upper Bavaria the writcer revisited
the open—-air oxperiment station whiere he spent several summers
twonty-odd years ace, This is no longer a part of the Kaiscr Wilhelm
rescarch erpanization but scems to be managed leocally with limited
state support., The lendershdp has changed, and - although scveral
smn1l models were in opuration = it hns hardly fulfillced the promisc
that it once held,

Throe Inboraterics wore 1ﬂsp“ctb, at the tochnical unie
versity of Munich, tho staff of cach ste.ming to have little lmowledge
of or contact with tre othurs. 0Onc was that of Professer W, Xo ufwﬂnr
for ncrodynunics (although the professor wis away, the writer's visit
coincided with that of J, Hikuradsc's brotiwr, thce two Nikuradscs ap-
prruntly havin: o private rcscarch organization in the vicinity ol
Munich); = mudurwtclj larse wind tunncl is in process of installation,
The lat. Profissor Thoma's laboratory, badly deteriorated, was under-
»ainz extensive ropntirs; attontion will be giver nlmest exclusively
to 'wdr-oniic m“crlnbry, and som¢ rathcr larpy pumps and turbincs of
varicus scrts were being installed, The small hydraulic-structurces
l-boratury, of long standinz but not before discovered by the writer,
hnd swvernl medels of the routine type,

With Profcssor G. Weinblum's roturn to Germany, the ~e2stora-



tion of this country's prowar activity in ship rescarch shows good
piomisc; he now holds a professorsidp at Hannover, is associated with
the University of Hamburg, and is stationed in a Hamburg ceni;ineering
trade school. Dr. K. Wicghardt has been a major addition to the staff
(the writer was impressed by thc latter's experiments on the flow of
sand during the period in which tests with "real®™ fiuids were out=
lawed by the occupation authoritics), The small towing tank in the
school is being used by the Kempf tank staff pendin; completion of
their new building.

Except for the retirement and death of Professor Prandtl
and the appointmant of Professor We Tollmien in his placec, the situa-
tion at Gbttinzcn is about the same as on the writer!s previous visit,
Tollmien and Professor A. Betz divide responsibility betwecn thceory
and practice on the onc hand and fluid mechanics and fluid machinery
on the other. Under Tollmicn Dr. H. Reichardt is conducting open-
channel studics with an oil having five or more times the viscosity
of water to accentuate the boundary-laycr thickness on the side walls,
and under Betz a graduate student is investizating flow with induced
circulation at a conduit inlct., The writer'!s general impression was
that instruction and analysis were azain at their normal high level
bur that cxperimentziion was only slowly receverinz from its abrupt
disruption at thc¢ cend of the war,

The laboratory of Profcssor H. Schlichkting at Braunschweig
was in a rclatively great state of activity, although space was quite
limited 2nd only two wind tunncls of small and moderate size were in
opcration. Recent studics hnd been made for the reduction (27%) of
acrodynamic draz of a "olkstruck"® and the stability of an over=-
streamlined metorcycle which had sct speced records. Tests wers in
pro~ress to complement theorctical analysis of cascade resistance
and extend it to the axisymmetric enase. Schlichting was somawhat
astonishcd by the fact that his boundary-lsgy.or book had greater sales
abroad than 2t home, There was 2iro o laburatory for hydraulic
structurcs on the campus, but from casual inspection this appceared
to offcr little beyond the routine type of work,

‘ The Franzius laboratory o+ Hannover, under Professor W. F
hansgn, wh?ch was rather innactive on the cccasion of the writer's
previous visite, had been rejuvenated to the extent of beine the
busi.et institution of its type in Gemmany, The laree halleas filled
to overflowin ; with specific medel tests, and new ouEdoor installations
were in the process of completion for further studies. Wave and harbor
t%sts, river resulation, and shore proatection received primary atten-
T.:Loni a?d extensive models for Wilhelmshaven and onc foreign port were
invclved.,

The Rehboek laboratory at Karlsruhc, the diroction cof which
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1s now divided between Professors P, 80ss and H, Wittmann, is doing
much the same type of work as in the past. The annex building, de=
stroyed during the war, has been only partially reconstructed, and
the scale of models is hence azain limited by the facilities in the
orizinal building. Considerable contract work was in projress, but
it bore the same earmarks as during the writer's studies twenty-five
ye: s azo. The Spannhake laboratory, completely destroyed during the
war, la- becn entirsly replaced under Professor H, E. Dickmann by a
very r. dern hall devoted to all phases of mechanical-engineering
fluid mechanics, Pump and turbine theory continues to play a lead
ing role, but interest in problems of supersonic flow, heat transfer,
Jet atomization, and instrumentation was evidenced by the projects
under way. The director and his staff, the plant, and the teror of
the investigations made a very favorable impression,

Enzland

Since his visit in 1946 the writer has considered the
laboratory of Professor C, M. White at City and Guilds College, London,
one of the most interesting and fruitful in Europe., The experimertal
nall is larze, the permanent staff small, and the activity astonish-
in-ly zreat, Of particular interest on this visit were an investiga-
tion (by Bajnoid) of the movement of sediment having an essentially
zero bucyancy, the study of boundary rou;hness in non-unifomm as
well as uniform flow, propeller desizn, and various aspects of wave
motion, A4 plastic pipe belcw a tank outlet had been set up for
rrofessor Squire of the aeronautics department, who was studyinz the
decay of a vortex along the axis =f a pipe in air flow, thereby dis-
clesin- the lonzitudinal seccndr:, .ction (upstream along the axis)
alsc noted at thtin;en and Camhridce. It is the writer's belief
that this laboratory is well worth inspectinz by Americans abroad.
He was also impressed by the size of the igraduate class in hydraulic
enzincerin; (to vhich Dr. Ch. Jaejer is part-time lecturer), some
thirty of whom visited Grenoble durin—: a hcliday inspection trip.

At Combridse visits were made to @ number of laboratories
denlinz with fluid motion from quite dirferent points of view, That
of Mr, A. M, Binnie is for the trainin-; of civil and mechanical engi-
neers but provides facilities for research in a number of directiocns;
vork was bein: done cn the desim of a recirculating flume for ship
mxdels, on sccendary flew in conical outlets, on induced cavitation
within 2 vibratin: reservoir, and on circulatory moticn in an ideal~
ized hydraulic machine, In the aerodynamics laboratory of Professor
Mair, Mr. J. H, Preston had devised a means of determining the in-
tensity of wall snear throuzin a single reading of a staznation tube
in contact with the wall., Professor G, K. Batchelor was supervising
in another J.aboratory the characteristics of convective cells formed
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between hot and cold plates. Ara 3ir Geoffrey Taylor - in a small
lzboratory impressive for the ele;ance of its cutput rather than of
its equipment -~ was enjased in studies of limiting wave crests and
the diffusion of salt-water slugs in horizontal and vertical tubes,

Concludin; Remarks

Each of the countries that the writer visited differed
technically from the others in various ways, due in part to its
naticnal traits, in part to its role in the recent war, z2nd in part
to factors which the writer found it difficult tc assess. England
appeared to be continuing in tne same pattern followed for the past
century or more, not striving fer a positicn of leadership but con-
tributin;; sclidly tc both analysis and experimentation at an un=-
hurried pace. The situation in France r~nged from one extreme to
the other, depending upon the laboratory in question: there was asvi-
dent at Neyrpic a concerted effort to lead the hydravlics world, btut
few others showed any tendency to fcilow, Belgium evidenced a good
rate of output, but Switzerland - a country of comparable size - dis-
played the quantity and quality of productior of a much larger nation.
Italy's post-war reccvery was reflected to a considerable dezree in
its laboratcry actirity, Germany, recovering at a surprising pace,
was reverting largely to its pre-war trends: rapid advancemerit in the
mecharical and @ercnauticazl phases of fluid motion, yet repetition of
the same hydraulic practices that brought it fame many years ago,

The languaze barriers are still either surmounted or accepted, depend-
inz upon long-established custom: the Italians, with a tongue that is
not widely used, seem fully aware of all works pubtlished in English,
French, and German; the French follow the English literature but not
the German; the Germans and Swiss, though capable of reading both
French and Enzlish, centinue to expect the works worth noting to be
found in their own literature; the English are in much the same situa-
tion as the Americans = poor linguists, and hence perforce restricted
to what is available in English, The situation becomes the less ex-
cuszble as one realizes that neither a single country nor a single
lan~uaze has a monorcly cn scientific knowledge in any field,

Tre various factors producinz the foregoing situaticn are
national rather than personazl, and hence there are many individual
exceptions = particulariy amonz the leaders responsibie for the inter-
national crionizations in hydraulics and applied mechanics., The writer
a5 ar individual was received very cordially, and often with extreme
hospitality, in each of the laberatories which he visited, althoush
in many cnses re had not before met his hosts and sometimes his name
was not kncwn to them, His own peint cf view was considerably en-
lared, nct oniy by centact with other people arnd other methods of
roscarch but also by the cppertunity t~ chserve his own countrymen
=nd mctheas from a distance and throupgk others' eyes., He 1s fiwmly
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convingced thet tilateral visits of this nature throuzhout the
scientific ard enzineering world are essential to the breadth - if
not the depth = cf continued accomplishment, From purely the Ameri-
can point of view, he further believes that the nationalism stemming
frem (and simultanecusly strensthening) the languaze barrier must be
surmounted here as well as abrecad if this country is to maintain the
advanced positicn it is now tacitly assumed to hold,
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