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International Deve10pments  in Hcat  Transfer

ARRANCED BY THE AMERICAN SOCiETY OF MECHANiCAL ENGiNEERS′
AMERiCAN INSTITUTE OF CHEMiCAL ENCiNEERS′ THE INST:TUT10N O F

MECHAN:CAL ENCINEERS AND THE!NSTITUT!ON OF
CHEMICAL ENGINEERS

The lnteFnatiOnal Heat Transfer Conference was held in BOulder, C。 loradO

August 281Se,tember l, 1961,with a continuation of the diocussion held Januaり 8 to
12,1962, LectuFe Hall,Central Hall,Westminster,LOndOn,England.   The purpose
Of this cOnference M′ as to present ne、 v information in the field Of heat transfer and the

design Of heat transfer equipment,particularly developments which have Occurred
during the previOus decade since the Ceneral Discussion on Heat Transfer which was

held in LOndOn in September, 1951.

The papers contained in this volume constitute those that、 ′ere discussed in

Boulder and later in LondOn. The papers were summarized and/or alluded tO by a

reporterヽVhOSe remarks set the tone for the discussion that fol10wed.  The dis‐

cussion may have been vwitten and submitted in advance,or was oral from the f100r.

The continuation Of the discussion in London、 vas for thさ cOnvenience of thOse v/ho

wvOuld find it impossible to attend the main meeting in Boulder.  To al10w for the

preparation of meaningful discusslon, the papers、 vere preprinted.  All paperS,

together with the informatiOn stemming from the Boulder and LOndOn discussiOns,

are now included in the Proceedings.

In additiOn to the formal papers,four special inVited lectures were deliveFd

in persOn at Boulder allld London. The lectures and their subieCtS are as fonOws:

Tuesday,August 29  -“ Research During the Last Decade On Forced COn‐
vection Heat Transfer''by Prof.E.R.G.Eckert of

the University ofヽlinnesOta.

Wednesday, August 30-``Some ReflectiOns on Progress in Engineering Heat
Transfer Science''by PrOf.0。 A.Saunders of the
lmperial COllege,LondOn.

Thursday,August 31 -“ Problems in Radiative TransPort''by Prof.H.C.
Hottel of theヽ 4assachusetts lnstitute Of Technology.

Friday,September l  ―“Hcat Transfer by Natural Convection''by Prof.
Ernst Schmidt of the Technische Hochschule in

Munich.

The 124 PaperS and 4 1ectures were presented in technical sessiOns arranged

as f0110ws:

I。 (A)Hcat Conduction and ThermOelectric Effects
II.(B)Heat Transfer in Equipment I

IH.(A)Boiling and Bur,out,CondensatiOn and Two‐ Phase Flow
IV.(B)High Speed Flows,Aspects of Extemal ConvectiOn,
Vibrations and Pulsating Flows

V。 (A)hternal and Duct Flow
VI.(A)Mass Transfer,Packed and Fluidized Beds

VII。 (B)RadiatiOn,Thermal ProPerties and lnstrumentatiOn
VⅡ I。 (A)Heat Transfer in Equipment II
IX.(B)Free cOnvection



Responsibility fOr contacting authOrs and the review of manuscripts was divided

geographically as fol10ws:

American Organization Committec― North and South America,Japan and the

U.S.S.R.

British Organization Committee― British Commonwealth(exccPt Canada)and
Europe

The Conference was slonSOred by The American Society Of Mechmical Engineers,

American lnstitute of Chemical Engineers,The lnstitution Of Mechanical Engineers,The

lnstitutiOn of Chemical EnginOers with the participation Of the American CheTical S° Ciety,

The American Nuclear Society,American Rocket Society,American Society of Heating,

Refrigerating and Air‐ ConditiOning Engineers,The Chemical lnstitute Of Canada,The

Engineerillg lnstitute of Canada,Institute of the AerOsPaCe Sciences, Society of AutOmo‐

tive Engineers,Univ♀ rSity Of ColoradO、 vith the c00PeratiOn of the Rockyヽ 10untain Sec‐

tions, ASヽlE and AIChE. Financial assistance of the National Science Foundation and

the Office Of Iヽ aval research is acknowledged in making the mecting successful.

Tあο Eχ cc″「ノυa cο″%グ″″θcs appointed to organize the lnternatiOnal Heat Transfer

Conference are as follo、 vs:

Tみο JO′″′C物″″″ec`″ Nο″みA″ er″c″″Pα″グc″α″ο″

Chairman: A.C.Mueller
Secretary: S. P.KeziOs
American Chemical SOciety―  J.W.Westwater
American lnstitute of Chemical Engineers_C.H.Brooks,S.W.churchi11,

T.B.Drew,0.E.Dwyer
The American Nuclear Society― W.H.JenS
American Rocket Society― T.F.Irvine,」 r.

American Society of Heating,Refrigerating and

Air‐ConditiOning Engineers― D.D'EustachiO

The American Society Of Mechanical Engineers― G.M.Dusinberre*,

S.KooP,N.」 .PalladinO,T.L.Woolard
The Chemical lnstitute of Canada_W.H.Gauvin
The Engineeling lnstitute Of Canada_J.W.Stachiewicz

lnstitute Of the AerosPaCe Sciences― P. Libby

Society of Automotive Engineers― P.T.Vickers
University of ColoradO_3.H.Spur10ck,Jr.

Tみ c Br″″グsあ Org″″グzグ″g C0777%″ ″OC

Chairman: 0.A.Saunders
The lnstitution of Chemical Engineers― P,V.Danckwerts,A.J.V.UnderWood
lnstitutiOn of Electrical Engineers― A.R.Cooper,II.E.UPton

The lnstitution of Mechanical Engineers一 J.F.Alcock,A.D.Baxter,

J.DiamOnd,A.J.Ede,A.W.Scott,D.B.Spalding,R.E.Zoller

*Deceased
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The safe and efficient transport of therrnal energy is the obiectiVe of almost all indus‐

tria1 0perations and indeed is crucial in the modern deve10pments of atOmic energy,high speed

flight and sPace eXP10ratiOns. The papers presented at this conference represent the latest de‐

ve10pments in heat transfer and were selected from many papers submittOd from mOst of the

maiOr COuntries.These papers have been subiected to the critical evaluatiOn of over l"O regis‐

trants from 19 cOuntries,and thereby become valuable as an authoritative collectiOn. At the

BOulder meeting there were 714 registrants repre,enting ll countries M/hile at the LOndon

COntinuation there、 rere 520 registrants representing 18 countries.

The cOnference was opened in Boulder with welcOming remarks by W.H.Byme,Pres‐

ident Of The American Society Of Mechanical Engineers,and J.J.Healy,Jr.,President of the

American lnstitute of Chemical Engineers. 0。 A.Saunders,Past Preside,t Of the lnstitutiOn of

Mechanical Engineers and Chairman Of the British Committec and Po W.Dan ckwerts,official

representative of the President Of the lnstitution of Chemicd Engineers rePlied tO the welcoming

remarks. At the LOndOn Continuation the welcoming remarks were made by O.Ao Saunders and

P.W.Danckwerts and the resPOnSe by W.H.Byrne and by A.S.Foust representing The American

lnstitute Of Chemical Engineers。

At the Wednesday A、 rards Luncheon in Boulder, ProfessOr O.Ao Saunders delivered

The American Society Of Mechanical Engineers Calvin Rice lecture and was awarded life mem‐

bbrshiP with The American Society ofヽ lechanical Engineers together、rith a certificate fOr the

Calvin Rice AMrard. Certificates of appreciation v√ ere given to the other specially invited lecturers,

PrOfcssOrs Eo R.G.Eckert,Ho C.HOttel and Eo Schmidt.These lectures were delivered in

Boulder folloャving the luncheOns IN7hile in LOndon each Presentation fol10、 ved an aftemoon tea.

In additiOn,memorial remarks were made by the conference chairman for Max Jakob for his out‐

standing contributiOns in the field of heat transfer,for A.P.Colburn fOr his many studies and

activities in the field Of heat transfer, and for G.M.Dusinberre fOr his、 vork and initial inspira‐

tion for this cOnference.

Numerous auxiliary functions formed Parts of the conference. At Boulder the conference

was welcomed by C.A.Hutchinson,acting Dean of Engineering of the University of Co10rado

and the history of BOulder、 vas described by Forest Crossen of the Bο μJJer DαJJ/εαれθ rα. An

informal ban quet、 vas held on Thursday evening、 ′ith a discussion of world affairs by S.P.HOuse,

a former British Counsul in Denver. Other social and family activities、 rere sponsored since

the Boulder 10catiOn and conference time fitted in with vacation plans of many Participants. In

LOndOn a reception v″ as held at the lnstitution Ofヽ lechanical Engineers on the opening day and

special activities arranged fOr the visiting ladies. Overseas visitors M′ ere also invited tO sev‐

eral receptions. A dinner for cOnference officials and authors ,vas held On Thursday evening.

NO formal presentation of papers was given aし the conference, but a critical summcry

of the papers、″as given by tv′o sPecially selected repOrters(rapporteurs)for each session and

the papers were then discussed from the floor. Preprinted Papers、 ′eFe aVailable at least six

weeks befOre the cOnference to a1low discussers tO thorougllly prepare for the meeting,thus

formal presentation of each Paper was unnecessary and the maior pOrti。 ,of eaCh Session could
be devoted to discussiOn. These discussions together with the authors'replies fOrm a Part Of

these proceedings and、vere edited by sPecial editors chosen for each session.

The genera1 0rganization of the prOceedings is as fol10、 ′s: First appear the four Spe¨

cial Lcctures and these are f01lo、 ved by the body of Conference Papers,including Corrigenda,

Reporters Remarks,and Discussions. The paPers appearing are Organized in their Order Of ap‐

pearance on the prOgram and they are numbered consecutively from l to 124 as a means of iden‐

tificatiOn. These p apers are grouped in P arts, five in all, each Part representing the technical

program for one day;they are identified by the Roman numerals l thrOugll V. Each Part consists



Of Sections A and B representing the moming and afternoon technical sessiOns,respectively.

Each Section(a technical sessiOn)represents material more Or less related and it has associated

with it a title rePresenting the topical area(s)with which it dealt.

The main body of these proceedings is organized in the Parts l through Vo Within each

Part the PaPers for both Sections A and B appear first. The paperS are immediately f。 110M′ed by

the Corrigenda pertaining to them.The Ceneral Discussion then fol10ws and it cOntains the

Reporters Remarks, Discussion and Authors Replies in that Order, all grOuped intO SectiOns A

and B。

The pagination of all the Conference Papers is continuous frOm l to 1037 and the

pagination of Corrigenda, RcPorters Remarks, Discussions and Authors Replies is cOntinuous

frOm D_ltO D-314. In viev`Of the organi2ation of the proceedings,mentioned above, it is clear

that the pagination of the Papers is interrupted by the discussiOn material. In order tO assist

in 10cating items the discussion material is Printed on tinted Paper.

The folloM7ing Editorial Committee v′ as established tO organize and edit the

sions,replies and other material and to check prOofs of the materials going intO these

Part I _Section A一 A.C.Mueller   Part IV― Section A― T.F.Irvine,
Section B_J.W.Westwater           Section B― T.B.Drew

P"t II_Section A― N.」 。P all adino  Part V― Section A― S.KoPp
Section B_Wo H.Cau宙 n       Section B― So P.KeziOs

Part III― Section A― Jo W.Stachiewlcz

discus¨

proceedings.

Jr.

The activities Of this group were cOordinated by the Secretary of the COmmittee On NOrth

American ParticiPation.

ResPOnSibility for the review of the papers appearing on the prOgram fell to the Amer,

ican and British COmmittees. Each Committee was resPonSible fOr the review Of manuscriptS

which arose from its geOFaphical area of iurisdiction,In the case of the American Committee,

two independent reviev′ s were carried out,One by the Technical Society、 ′ith which the paPer

was identified and another by the COmmittee itself. The COmmittee concerned itself Only with

PaperS accepted in the initial reviev′ . The persOns resPonSible fOr the revie、 vs by the Techぃ

nical SOcietics are those listed as representatives of the cooperating societies.A Papers sub‐

committee of the main Committee,made up of T.F.Irvine,0。 E.Dwyer and P.Libby,served to
coordinate the Papers activities and make recOnlmendations. The p apers contributed thrOugh

the British Organizing Committee were alsO reviewed in a thOrough mannOr,the COmmittee

assuming the role Of referee. All final decisiOns on papers、 へrere the resPonsibility Of the

C6mmittees.

The technical sessiOns、 vere conducted by tv′ o Co‐ Chairmen fOr each s,ssion. A list

of the CO‐ Chairmen is given be10M′ in vieM′ Of the fact that their names dO not appear else、 ′here

in these proceedings:

BOULDER LONDON
Part I (A)Session l. 0.A.Saunders,A.C.Mueller    O.A.Saunders,A.C.Mueller*

(B)Session 2. P.T.Vickers,J.W.Westwater    M.W.Thring,J.Wo Westwater*
Part II(A)Session 3. W.H.」 ens,No Jo PalladinO      E.S,Silver,N.J.PalladinO*

(B)Session 4. E.Ho W.Schmidt,ヽ:.H.Cauvin    E.H.W.Schmidt,W,H.Cauvin*

Part IⅡ (A)Session 5. 」. W.Stachiewicz,B.H. Spur10ck  G.Burnay,B.H.SPurlock
Part IV(A)Session 6. T.F.Irvin e,Jr.,D.Q.Kern      M.B.DOnald,T.F.Irvine,Jr.*
(B)Session 7. T.B.Drew,Bo Stewart          A.D.B axter,T.B.Drew

Pat V(A)Session 8. J.A.Cl ark,S.KOpp          C.J.0.Carrard,S.KOPP

(B)Session 9。  P.V.Danckwerts,S.P.KeziOs    A.J.V.Underwood,S.P.KeziOs*

At the LOndon Continuation,the discussiOn for each sessiOn already precipitated at BOulder

and/or otherwisё communicated prior tO the meeting was reviewed and summarized by one of

the Co‐ Chairmen from the BOulder meeting. These remarks fol10wed the remarks Of the Re‐

POrters and they served tO bring the audience up to date on the nature and status of the dis‐
cussiOn to avoid needless rePetition. The Co‐ Chairmen、Fho performed this function are desig‐



nated by an asterisk(*);their remarks do not appear in these prOceedingso A.S.FOust suin‐

marized the discussion Of Session 5,R.Bo Stewart summarized Session 7 and J.A.Clark handled

the summav fOr SesSi?n8.

The Co‐ Reporters for each session are designated along with the texts of their re‐

marks. Only the texts PreSented in connection■′ith the Boulder meeting are printed here and

they are identical、 vith those given in London except for some minor variations which may have

occurred in the f01lowing instances: Session 4ャ vhere O.A. Saunders remarked in Place Of

L.Bernath; Session 5,vhere A.S.Foust remarked in place of A.L.LOndon; and Session 6

where P.V.Danckwerts and D.Q.Kern remarked in Place Of C.Bonilla and A.S,FOust.

The Organization of the American Committee stems from the iOint ASME‐ AIChE Plan‐

ning Committee for the National Heat Transfer Conferences held annually in the Uo S. since

1957. FOr this international meeting a special cOmmittee was organized and representatives of

ParticiPating societies added tO the cOmmittee. The British Committee M′ as organized by the

lnstitutiOn of卜fechanical Engineers with Participation of other engineeFing institutiOns. These

two committees cooperated in the planning and execution of this conference. Primary staff

reSPOnsibilities M′ ere carried by The American Society Ofヽ 4echanical Engineers and the

lnstitution Of N71echanical Engineers. These meetings are made Possible thrOugh the hard v′ Ork

of the committee persOnnel and due acknowledgment should be made tO the comPanies and

institutions of these men for permitting and encOuraging this work.

Finally, it is desired to acknOv′ ledge the service Of certain staff members of the

蹄 OnSOnng SOcieties価 ose acivities in the area of plan“ ng Were noteworthy and h・ hOse

assistance at almOst every stage of theゃ vOrk was both necessary and valuable. The intorest

and strong support of Clarence Davies, Secretary of AS卜 lE until 1958, and Brian Robbins,

Secretary of IⅣ IechE unti1 1960, was significant in the conception of the conference which was

initiated in 1957. Tlley prOvided the liaison betl● reen the,vorking groups of the SPonsoring

Societies and this activity ably carried On by O.B. Schier,II,successor of Mr.Davies, and

K.Platt, successor to 171ro Robbins. Much valuable assistance and coordination、ァas dsO re_

ceived from To A.Marshan,Jr.,senior Assistant Secretary of ASME unti1 1960,and R.Baldini,

Assistant Manager of Meetings and Divisions,ASME.AlsO,R.MillsOn,Editor of Proceedings

of IMechE,and J.SansOne,Head of Publications Contr。 1 0f ASME,assisted in a number of

ンvays, especially with variOus asPeCtS Of the material for these proceedings.

In concluding,it was seen that the rapid strides in the field Of heat transfer indicate

that ten‐ year intervals bet、 veen international meetingS are too long. Plans have been forrnulated

fOr having future intemational meetings in shorter intervals and that the meetings,`ould

alternate between EurOpe and the Americas.

A.C.Mueller,εんαjrれαれ

S.P.KeziOs,Secrθ ιαγ

February", 1963


