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Zv 	the advent of lioitheitioal ref.rigeratinn, ecourate 

to co ti )n re,1 ,tive to the heat transfer eharaOteristioe Of 

double pie Coolers and condensers has been in demand, It Is in 

partial anser to thin demand nnd feT seientifict information - 

 th..nt VAG inve.:G.tigqtion was undortngen. 

These teats  ert eonduoted in the Zxperimental 'ftgineering 

Laboratory at the Georgia. SOhool of T'oehnology during the y: Brie 

Vovember 15, 1927, to February 15, 198. The authcrswishex to 

thank the faeulty members of the ax pf.Tirontal Zniginetering Depart. 

ment of th Georgia So400l of Teohnology for their Una assist. 

mice in 57etting up equipme t and in taking data. 
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Object of Investigation 

Since the rrItenting of the first compreseion refrigeration 

machine it 187.4 by Jacob perking of .tngland and the first absorpos 
1 

tion machine in 1855 by Carre of France, considerable experiment, 

al work ha s been devoted to the study of haat trattfer In refrig, 

eration equipment. while the subject of heat trn.nsfer was not 

studie6 by using refrigeration mediums as brine, ammonia, etc -4,4- 

the results obtined by using other heat carrying mediums ouch ae 

steam, water, etc., were used. 

The subjeot of heat trnnsfer as a subIeet.of mathematical and 
3 

physic ,J interest was first taken up by Newton as early an 1O. 

His results were inaccurate and misleading as w 11 as being bAsed 

upon inr:deqw.te data. Perhaps the first work of scientific value 
3 

was produced by Fourier of Pratte. in 1822. fits work wa Alrely 

mathear,tical and 8t1,nde as the firFt correct sttemente regrding 

some of the theoretical considertione in tile flow of - heat. 

The subject was first investis-ted experimentally by Poisson 
4 

in 1833, Peclet in 1841, and Joule in 1881. The first to 	ert 

1 
itthewe, Fred E: Elementary Aach.inioal Refrigeration, 

UoGraw- 111.11, 1912, p. 17. 
a 

•M, 

Orrok, C;eore A; The Transmission of Heat in Surfaoe Conde*,  

sere, A.S.M.., Transactions, 1910, Vol. XXXII, p. 1139. 
3 
Glneebrook: Dictismary of Applied 'Physics, 	onilln nd Co., 

Ltd., London, ngland, vol. I, p. 429. 
4 
Joule, J.P; Condenser Tube Experiments, Philosophical 

rrlroactions, iOyal Society, London, Vol. 151, P. 133 . 



=uteri filed to brng to 1i ht tnything of v.1ue due 	act 

th-t they oiled to take account of the hest trnnnfer sat& c 

In 1881 and 1870 the idea of =face resistance was mAggested 

Since this time surface resintnnce te well ao the And of heat ouri-
ing mediums has been the center of study in heat transfer stork. 

mong the ri cent experimenters who tr.No contributed some very .  vale. 
5 

.Ule information ire Professor 8er of Paris in 1387, Gustav H. Bago- 
0 	 8 

maim in 1803, J. Alex smith in 1905, Clement and ("Vrind of the Uhi. 
7 	 5 

vereity of Illinois in 19090 and George A. Orrok of Yew York in 1910. 

The exi.eriments of these men were carried on using steam and water as 

the heat carrying mediums such as take place In steam surface conden. 

ser- a:iter on one side of the surf kce and conclensin '4.tent3 on 

other. 
0 

The klte John R. Allen of the University of A. hiJ.;an altered 

the subject by using condensing steam on one side of tile trimmitt. 

still air on the other. This tyre of heat trannfer* 

usinfl; forced convertion, has been summarized in a short paper pre. 

rrok, r;eorge Ai The Transmission of Heat 	Jurface Con. 

A.I.Y.Z. 1  Trrmsp,otions 1 10, val. "(4 1 .11 n. 1139 . 

Sm th, J. next 4xperiments 	'3uxfFce Condensers '  Engineer. 

z:ol 101, 2. 395. 
7 
Clement J.X. and G-rland *  Cal A Study in Heat Tr annm 

[don, Bulletin 40, University of Illinois. 
8 
Allen *  john.iit Notes on Heating and Ventila o Domentie 

Engineer *  Chicago *  1905. 



sented to tile A.S.M.R. in Deoember of 1937 by'Edwin R Cox. 

Heat tr , asfer from Lot gases sad radiation on one side of the 

yurice to belling water on th ,;t other .b been studied extensive- 
10 

ly by the 3nbooet: and wilcox Oompany of New 'York, 1.4esers nmP,ina- 
11 

cr ridaay of the Department of Interior in 1912, and by Trocs 
12 

or 'Iteoer 0. r7roft of the University of Il1irio in 1927. 

It will be noticed that the abovf ,  experimentn do riot uoe a 

combintt-ul of the refrier - tion mediums. rle only -ubilehed in-

for,:-tion on heat trqnsfer using ammonia as one of the mediums wr-Al 

th t obt-lined by Professors Xrtte and Mae 	and Ur. Gould of 
13 

the Oniversity of Illinois, December 1921. Their or dealA,Only 

with the study of heat transfer for condensing ammonia o ,Ine side 

and w',,ter on the other in various designs of condenser'. 

The Yosults of tests applibable to this invoritiction, and up 

to ttc tie of the work done at the University of Illinois, might 

be cl:.,cld briefly as follows: 

2. Inveottors are at coagiderable variance as to the effect 

Cox, Edwin Rt Gener..1 Heat Transfer Formulas, 	 Deo. 

6-3, 1927. 
10 

)1 -A)ooe1l and Wilcox Cot Steamp pp. 326- 329. 
11 
Kreisinger.1.rid Ray: The Transmission of Heat into MOO 

Boilers, 9e ,!'rt!lent of Interior, 1912. 
12 
Croft, !Tuber 0! 11(t Transmission through Boiler Tuber', 

University of Illinois, Bulletin No. 108, 1927. 

Ibid: Bulletin Wo. 171 *  



of the velocity of the le ter Inerteam condensers on the heat trans-

fer, 	one •,ive th rel - tion as a direct function of the velocity ' 

 others as the velocity reined to the ene-helf eocerl  elld till ethe 

era es the velocity raised to the one.third power. 

. 	coeffieimt of heat transfer is oonstant for varying 

mean tc - retnee differences in ammonia-brine coolers '  and verlos 

as t seven eights -.toot of the mean tymper ture difference in 

steam condensers. 

1. The leeet floe through thin wall tubes is independent of 

the thicknees of the well for ordinary evmmeroial pipe sizes. 

The eoefficient of heat transfer is dependent Ilion the ohnre 
elo014 

eeter of the lie'rt trensatting eurfsees. 

The test data supporting the above oonelusions regerding ammo

nla equipment 1i3 scattered and unorgenized, end often conflicting 

results annettr. The objecte of tee tests that fellow weret First '  

to determine the hent transfer eharacterietice of a double pipe cool. 

er [.otually ueing aeeLonia on one side of the hePt transfer murfacen 

end brine on the other. It should be noted that the ammonia was in 

e state of ebulsion. eeeend, to determine some of the heat transfer 

eharecterintics of double pipe condensers using condeneing ammonia 

vaeor on one eide of the heat trere7fer surfacee and ?Teter on the 

other. it shauld be noted that tee ammonia was being condensed. 

Thled. to study the relation of heat trenefer to oomPressor oecrae 

tien Vita A view of making aome determinations for elooneleileekelant 

operation., T41, of course '  can be approaohed only by e etudy of the 

relative ooete of eower and the coot of water oirouleted. 



Ii Deecripti4n of Apparatus 

The cooler steed in these tents was a double pipe sOMpter flow 

o1er contttng of eight 1 2 /4  inch PtIme •ltd of 2 inch pines 

ten feet long manufactured by the Prick OT. A picture of the 

coil is shown on page 12 and 13 md also a schematic sketch in ol4o1.1n 

on p-ge 14. The ammonia entered one end of the bottom pipe, follow. 

ed alonG the space between the 1 1/4 and 3 Inch -pipes, alatiONP re.. 

c,oved at one end of the top coil. The brine entered the 1 114 inch 

pipe at the top and was removed .at aiout the same location as the 

aLliA01110, elatexcl, Thermometer wells were placed in each of the brine 

rot= bends, In e..tch of the ainonia return connections, m441100the' 

where both mediums entered and were removed frum the coil.. 

Ve 1o&= of the wells is t)st shown in noire 3, pa.6 14. The 

cooler 	insulated by twelve inches of granulated corn all 

idesnd two thickness of asven.eights inch tongue and greyed 

boards wit one tilickness of beaver board nailed between. The ther-

mometer ,:rells ind brine return bends were well insulated with 04(3 

inch tiAck hair felt. The quality of the insulntion w-L.n better timn 

is found . in !=?Areras commercial prestice. 

The condenser used was an exact duplicatiln of the cooler. The 

coils were uninsulated except for the thermometer -aells; Thoskeere 

well covered with one Inch hair felt. The superheated amroonia gas 

entered the to ,,  of the condenser and was removed as a liquid from the 

botton coil. The cv.:.:gonia occupied the same relative space in the 

condenser %a in the cooler. The cooling water entered the but$0m. 

coil and wa.,1 re•loved from the top . pipe4 thus the countes,  flow ar. 

ranLement being used. 
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Tho auonia was °Impressed 7 n 4 in by 4 inch twin, verti,..- 

cal, 	le acting, closed frames Frick compressor belt driven by a 

7 la ho e '20wer induction motor at speeds of 300 and 175 revolve. 

tins pot rAnutce dependinc on on4tionse The teperrIture of the 

brine and coolinc vlter was revlated by turning steam into rmbmergf 

ed hetina, coils in the 7,torae tanks for these respective liquids. 

See sketch on pace 14. The weights of ammonia, water, and brine 

circulated were obtained. by direct weighing on ,irbanke scales 

sensitive to nue-fourth pound throughout their range. The cprIntitY 

of water circulated in the dondomoor tests wing no end 25 gallons 

per minute 7.4.s deternIned by oplibrated ue ,-!suring pits. The elec-

tric over supplied Cle oomrressor motor was measured by Jewel - A.C. 

indicting watt meters c , tlibrated by the Georgia ,Power `o ?pay . 

It 5eemed -advisable to use thermometers owing to the fact that 

they wfx,Ild be the logical instrument used in industry. They were 

also plced so that no contrasting tew)eratures were near them. Tile 

thermometers used were Tyooe precision thermometers readin0000, 

ly to 1/10 defr;rse Fahrenheit. 



III Method of ConductinT Tents 

In order to obtAn to heat transfer ohar-cterintics for the 

cooler over Lie con ercial rne ordinarily used, it wae decided 

to v: .r thre -,n temperature differnce from 4 dogreee Fahrenheit 

to 20 tqcrees Fahrenheit and the cane velocity from 75 feet per 

rihUtL. to 400 feat per minute. .13y using 4 de re inatemilats of a 

ne:71n toL.:erturf.;:,  difference and running th.:4 brine at 75 $  150, 21.501 

Z50 	400 feet.•.er minute for each mean temperature difference, 

a c,eries of twenty five runs were no0401010. There Were then five 

run in '.7,hieh the velooity was oonetest and the mean temper:Lture 

differo7loo Ir-7,.ried from 4 deErees to 20 degrees Fahrenheit. Alen, 

five runs in tch the meLln temperrAure differnce ra conntant' 

and the velocity vried fram 7 feet per mInute to 400 feet 

minute. The effect of both mean tempernture difference !Ind veloc- 

ity could then be ntudicd independently. The temperatures were 

taken at each of the 'coints indicTIted on the cooling coil ns well 

ns such otW.er data ns might throw' some refleetion on the rc.:171t. 

The amnonia 7xas ao regulated ae to give flooded conditionn ,_,..t all 

ay0134, The teer-Iture of the ammonia showed no superheating due 

to a.:Hvf.rension in the compressor. 

TL condenoer ehl.;Iracteristics were obtained by running r. Ieries 

of forty-eight teats. A series of four tests were run in mach the 

rate of ceAin i. ,ster entering was SO, 70, SO and 90 degrees Fah. 

renheit, 	flj compressed wn.14 then eo adjusted for each og 

therw t-peratures that a )2t . elesurQ corresponding to a s - turatima 

tewpri-Aurc of two degrees above t temperature of the water itam-

tmz the condenser resulted. A second series of foar.tezte were ran 



with the memo conditions ezoept t .40-the quantity of ammonia coi. 

pressed was 70 edjunted tilt the resulting pressure obtained cor. 

responded to a leturetien temperature of five degree above the 

teleper ;Aire of the weter leaving the condencer. A third seetee of 

five runs Were eeeie with the ammonia pressure in the condenser oor. 

reseendinL to a saturation temperature of eight degrees above the 

temper eure of the wat4r le ving the condenser. Thue, twelve rune 

were made with 80, 70, 80 and 00 degree cooling weter end the rate 

of consumption of water was five gallenn per minute. Thece tente 

were then repeated using 10015 tand 22 &aliens pernitatee 
"*"14 

Vrom the data obtained, the effect of the Velocity of the coo1. 

ing water, the effeet of the mean teepereture differencep and the 

effect of the eressuee could be studied independently. By oiieerving 

the ::over conemption of the compreesor, the refrieeration effect 

and the quentity of eeter used; a study of the coot of operation 

under tee v- rieue conilitiees could be made. 

The 7bove"oonditiens were obteined by the use of submemend heat— 
.11Revr.  

in cells in the etoe teees in the cooling meter and brine. The 

temeer-ture oeuld be kept quite constant due to the fact t t there 

WRe elceye at le eet 1200 eounds of the brine or e ter erement. Thus 

it 77euld t-ke a oonsideenble quantity of hcet to influence the tem. 

pereture one way or another. 

The amount of aeeonia eiroulated in the cooler test wee '.1) 130te 

ed by ce,neinii7 the erivire,;; ealey to give 300 or 175 R.P.Y., nd al-

so by ssing back sore of tee ao-Teseed ammonia. 

The cooler and condeneer coils were examined :Afore and after 

e teet. In both cases the aurfecen •  were found free of any diliter. 



ious r aria ln which would have Iffeeted heat trc star. Excessive 

,yurging was resorted to aa a :ens of freeing 	eye en of air. 



IV Results of Cooler Test 

The results of the cooler test are tabulated on pe 

the observed data are shown on pages 35, Z8, 37, 38, 30, 400 41 

and 42. Items 1 to 6 inclesive of the result eheet are self esplate* 

atory. The brine range, item 7, -?es obtnined by takiag the differ

ence of the tereerature of the brine entering an le eving the cool.= 

er. The total heat trenefor or 000ling effect, item 8, was cal-cue 

leted from the brine range, weight ef keine eirculated per hour, and 

the epecifia heat of the brine. This •ffective lesgth of cooling 

piee, item 9, eee that length of one and oneerseattb inch pipe ex— 

poeed to tine on one old° and ameonia liquie or veeor on the other. 

The ever- . e heat trensfer per fe t length of pipe, item 10, zee ob.. 

tained by Cividing the totel heat traneferred per hour by the ef-

fective length of the cooling ei e. The ripe ereas, items 11 and 1, 

were celcuieted from values ::ien b the National Tube Company. 

In all heat tee:nefer work, it hee been an accepted fact thet 

the mean temperature difference of the medium on both .i3e; of the 

trsnseittine eurfecee onuses the flow of heet to take elace. Just 

what the meen temperature difference in coelers and condon -2ers might 

be is not uniformly agreed upon by engineers. The teat codes of the 

American Society of Meohanical Eneineere reoommend the logeriteeeo 

meen tempereture difference o  while the menufacturers of double eipe 

coolers end condensers use the erithmetic mean temperntere differ-

ence. 

The erithretioal mean -,eeeer tare ditferene, item 13, was cal-

culated using the following formula: 
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t ) 	T 
Air th. 	 0 

14 1
I 
is the temper--, tuvi of ammonia entering 

To  ie the temperaturiJ of the ammonia leaving 

t is the temperfAure of the brine entering 
I 

t is the temperature of the brine leaving 
4 

Th I 	tetoa1 mean t(zperPture differcnoe, item 14, 
14 

w:7-s calcul.ted lining the following forum/At 

0-_a 
Log. Mi0D,ø 

In 1.ich: 0
I 
is the tetiperature difference of the aIllmenia en- 

tering and the temperature of the brine leaving. 

0 is the temperture•difference of the ammonia leav- 

ing and the emper%ture of the brine entering. 

Correction wc-. 111 ,-As to take oare of the deorease of -711J11,--Dni 

temper-ture at tile outlet. The theoretical proof of tA.3 fc4mula 

is prented very well in "Steam Powcr Pl:=ntsm by Rirchfeld and 

Bar:1rd of Cornell University, p&T,es 6"84 to 650. 

The votual me;?..n temperAture difference, item 14, uas obtained 

by rlottinc curves wit the tenperatures of the ammonia and brine 

14 
Rirshfeld, C.F. and Barnard, William N: 'A:laments Steam Power 

ilngineerin,- -4 John ‘A.ley and Sons, New York, pp. 624-050, 796. 



...eftemeMOON. 

i17 1 ..i 	r 

Ci 

vadrippt  11 	!RES ' ...: :11 • 
iddilligah :11:41:1 

alliankr Virlinintmd . • trasim . ■ 

lang5111111"  9E1! ;au r 
 41 

2  Benee 
..345471:2eXAMM 2  

Imam ea we gajejwinel gentalid . 

Eimmlogs 

• rss II sus  Rira  1 •  i 
!WI II  111:114 	. 	t- i -  

ill' 	10 ;HE - 	EN . i WI 

El trirdhlates ding Lail Ng.  
EPA iiiMME  -44  PERIVIERgi 

Ibm  . 0 h-Binds . Nal•.4  

-+" 
• 



' 	I 	' 

4) 

FY • 
• 

4 7  • 

cr • 

4; 

r CTC.4,  L T _FER 
=150 1-7.-  ift-P 

• 





eum 

, . iltmoni- -=.1..g0 
Ingainffil i 

sou—nazuragl 

■ PS Ilii  g 	IN 1: .4 
. fil iInlainreri g. 

Ibighe 	_,....„„, 	III 111111111116 .. 
WINO Nadia al= Int••: -M"'Ef MU; Mil 

Iiii/nUIPPPLAUPIPPIIP  
ininr....141 L. 

	 nagglawlighrldi 
i ww"  geffrgliMinging ii.siggrwitmignuizenn w ...... ... 	IINDM.E111......%.__111 .  

UnIgniilaTar•"7""iiii-liwe 5 ENEinnue% um Liu "VilligiBEN 
ghee 
g& ..160_  
WAramENINP M-1 



55 a 

d 	F a a su 	....au, 
Erearritirdfiren  ogr!prisiouni 

misubEigussuj 

ICJ atr 	aa :dr1111 

a. 

14 211 

NOILOOMMEN 

alneusieumetteer..X.:.. 
aripEZRINT E 

luddigidiNg ruippoimpaingo 
nikturdia. 

"nripuirl . 	se semi 

„Hump r  • eue 
e: tarn: mmmmm  NI§ 

EN NIL 
311fige magnow  

II 

8181-amaw 
11.44 • ...imktagprep . 

aRe 	Invi ssnrivrtriumin 1 	 4 	 4- 

40C 	0 IT 	 ifirdr iain  all IP wiewLin ghL 

" 	. 

111.11.111.011111PAREMEatitAVI 
• 41120••••■•• • moo • 

■ 
;na ll"  le • 

rs •Ad owl= 
UMW 
ts-ITE 

v••••• 	Or* 

jt 
w -1 f-'  4- 	I 	 t-1 

.•• 
111: • 



as ordinates no the ositiln along the cooler oipe as abscissa, 

paces 21, 43 23, 74 1  28 and 3E3. By determining the inCioned area 

with a .-1,imeter, theavernxe ordinate in degrees for the area 

could be determined. 

The results, shø It that -,11rt3 la no great variation, in the mean 

temperature difference by urAng the various methods of determine

tion. The arithnetical ileems to be consistently high while the Iog- 

erithmetic Ind  1,ctual r,-roe very well throughout the entire range.- 

The ,:.:xeatest difference appeara with the slow velocities where the 

brine r-rige 

In vie of Uletle results and 

information could be obtained, it wan decided to use the logarith. 

mical men temperture difference in determining the heat transfer 

chsrei;criatics. 

The coaacient It in U.T.U. per squflre foot per hour per mean 

temperature differoxice, items 16, 17, and 18, were calculated for 

each of the -1,1evn tezperture differences determined. 

The vr,lues of K based on the logarithmetical mean temperature 

differr:nce r.re yaotted on page 28. These curVes .ehow the rcltion 

to the coefficient of heat tr7msfer with respect to the mean tem. 

perTture difference for vric)us velocities. While the curves for 

the vri-ous velocities exhibit similiar characteristics, there 

seems to be no siplett mathemntical law that will exactly exroe 

the exact relotion of K md the mean 1;emperature difference. Rough-

ly the relation may be expressed as 
	

in which C 
IC ea 

( M.T.D. ) 

the ease with which the necessary 
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is a eonstsat vPorying from 108 for nweloaity of 75 foot per mina e 

to 364 for velocity of 400 feet per miftute. 

the use of the curves on nage 31 another o'Dt of curves 

were dr:Ain in wItioh X was plotted Is ordinate and the velocity as 

.1 .br.lcissa for v-riclis re,ean ''f,r.-er , tura differences. The curves 

Show :11 increase of v.Clocit to inctase the coefficient X the 

relatimzip being a strait line e .:icept for men tempevtture dif. 

ferc,Ixo of eight and four degrees. Me curvtare for toerIe two 

L. X. in sliEht. 

Ti;e,  ,telation of K s  the velocity and the mean teL;Jerture Cif-

ferenee uay be expressed r.J11,ibly by the following equation: 

196 + 

( !1.T.D.) .455  

In which: v is the velocity in feet 'HIr minute 

is the log mean temperare differnce 
e 

The 	ultr obtgined with the formula cro correet at 4 and le 

degrees Y.T.73. 1.7t nre large at 9 degrees for low vele lties and 

are r/r11 nt 90 fcr high veloeitice. 

The curves )r,t 	30 show the total hest transferred 1 -,or hour 

in the cooler plotted as ordinstos and the velocities in feet per 

minut as !,:.;scisrla. Using the above expression for X, the total 

het trmiJer mrAy be calculated by the follow1n6 forlmia: 

.J4,5 
gm A • 193 + /6 ) (  

in which:H Is tte tot , 1 heat transferred per ho 

A is the innic ,o -rea of the szieat trqnsfer surface 



v is the velocity in feet per minute 

is Um 10K me-La temperituvt,1 difercmce 

The rtLi xneae oaleulatee, fret the vaues of tota1 heat 

of 'orine circulated per hyur and the s9ecific heat of the 

tains :or !,..e 1p,rious conditions. 

The curves maown on pe 31 xe imply te ,,rdvleus nree sets 

of curvc!ct drawn to a comzon net of coordinates*  PJunds of brine 

eircal-ted 7er minute and velocity of brine in feet por Llinute were 

plotteC as ordintes and the total heat transferred per hour in 

B.T.U. .nd tons Of refrigeration and the heat trncferred Der square 

foot per hour were plotted as nbscissa4 These coordinteswere oho. 

sen becue tbey evened to be the best sited to co t. 	needs. 

By IttAting Any to of the variables in a cooler *  the others may be 

found nt once on the curve sheet. The curves ; -..re called the per.. 

formanoe curves for the cooler. An exnmple will illuotrate the use 

of the oArvos. Ascrur...!tht 3.3.000 B.T.U. per hour is needed with 

brine havtng a range of four 6rees. By following the 23400 B.T.U. 

ordinate up to the our decree range line and retain to the left, 

it will be een that 133 pounds of brine per minute re necessary 

and t:.71..t mean tempertute differeioe of 13 derees must be main. 

tined. The coefficient of heat trAimfer will be t 'bout 68. 

The surfoe coefficionte re :lven as items 19, 20. and 21. 

The bzine 	ri..oe'3as assumed to "oe the Game as the surfce eoefft. 

Ciont of ,J-iter. This coefficient vries Oirectly as the velocity 

from a ivJue of *3 a*T.U, for a velocity of 2 feet per second to the 

Value of .65 LT.UH for a velocity of 16 feet ter.  second. 

The coeffiCient of conduction of teel was taken as an average 



300 

34,  

v xe fog 	conduotanoe of steel and boiler plate. This was giv. 
18 

on in 	=Its in foreign books, tit was converted to the !P.P.% 
18 

systeo bar  u tiplying by 3903. The coefficient Sor the ammo a was 

the o 1 ul-ted ualw3 tho relation4 

I lah is cl a  ... loeff.dent of steel 

0
b 
 0  oefficient of brine 

C 	Ooe'rfioient of ammonia, 

z,  Log coefloient of heat t ,Lnsfe 
e 

These show very clo rly there the greatest t'noo to heat 

OCCUTV. The tcterture grdients iatrough the 	tmx.V.%ceS 

-n- t Ttael -Ape aloe f3how that the aalonia surface offers from 

11:)out B to 16 time an much resist&sce as the brine surtIce. 

15 
Gl:ve,ebrookt DiotionPxy of Applied -hy i a  Rtemille snc 

Ltd., London, Ti:ng1Rnd, Vol. I 	429. 

'bid: -. 47 0.460. 
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V tIenulte  of Condenser Tests 

TLe 	u1ts of the  condenser tts !,,re t!,,b1 .47Ate on paiJi' 

44 	obQrv*ti dnta 	CJ flnt,ves  74  to 81  incluANOM 

It 	one to three of the rf., :sult heat 	if ex, 1an;71tary: 

The  mrinia 	 tfmpermra in the  condeftner o  item four', 

of Ule tkiernomater .vmCinrjs  exeing 

thc,,rmrAr  41  r114ch .1. -Aictod the 1:(:)mpeiture  of  tlw etteling 

scurhted Tr'ScIri fox omitting ationia thermomm. 

e4cr  a.a.r 41 is  Ia  k4Vfl  th the dioCussion  c  itom fifteens The 

Caffnc,  „;,eten onterine,• ter  temperamm 

tU 	Oii 	iraxtion ton7.erture $ . item  riva l  Arse obtainm,  

ad  by .,u.:,tv,Alting ,FnLering 	 fr:Jm 

Weleht ot 	oircul -ated  wan  t:14an 

rectil 	t;it 	d..ta 	ile the 'Lathe  rr:alje o  

nritlned :tne Oiffelnoo 14 tulture of  t:4a  entering. 

and  1,;-. vi2  callex  bxlae.  The  to4e  of refriertion fr= the 

coAtr_a.  cr tritI hot Oven up by the bane *  ttei eiht, oom,M 

welHA  •)1: 	t. 	clrod 	1--;7:1;r, 

'4nctoifio 

T 16 	f51,onia 	 irziu 	ltevA 

,i1zact 	 te•ts* Me TR:ntity . was 

si1O1( 	trea 

 

X.  f.J .ur -_JundG v..x.ition due to the ,:coumllation 

of 	 f Vat lytttem. ne tons of re. 

,,ondenler baed. on the  weigh* 

of axlonin., item ten,  wa8 calculated by the following  forinu1s1 
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To 44 condenser tonnage 

4eignt Of ammonia non(eY3.sed 

.P Total hest per pound of imperbeated amonia 
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1 	Hemt of the ligo,Ld amonis evving the oondeni. 
sy 

ser 

The we 	o cooling rater cirmaated per minute, itm 

elev,rn t 	obtotuad directly from the otv,erved clpta by iivising 

the uar oirculted during a run by 30, The luantiV? frmter 

in gallons or minute wag cc, uteri by Oividing item eleven tv: the 

weiOlt of a fl nof ratr. 

Tbe condenser 'ante: range to the difference in tmocreture 

of t;le entering .nd 	condenosx w7:.tter. 	multiplying the 

pounds ca 	 4e6 ,r minute by 60 times thkl cowlensing 

wazer t.le total ilet abeorbed of water re lt ,A. item 

feuxt:len The eonuanser tonaae item fourteen, was obtA„le(1 b' 

dividing item Ifteon by 13000. 

rhe d0:32 teur2arature difference wP,, c4 determined by plotting 

actual ter '.ureg of ammonia aci water as ordinates '  -in' 

tiro along the condem7er J'ie as abscissa. The curve4 i'or the 

forty.-eig=3 runs made ,,re suown on 1:),, es 46 to 62 inclusive. By 

finding the inclosed area for a friven run t  the mean ordinate' in 

derees 	the me=t temperature difference could be cow-4404m 

Wm% 
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In finding the are inclosed, the alien, added by' the stmerheated 

wan onitte( becmuse this woo a iiriable quantity 	it 

would te hard tr!5 moonnt for in deRiGn and plant layout. Ito 

effect o 	-ctu!71. 1)..t transfer is ,$.1ht 	cu not cLe. !Jny mn 

ecnsiRtneice by it?' omission* In actual practice* the sAmration 

tr.pr•..ture is the rredonin:Aia 	onla temverture 11(1 also the 

trwl.fer leen excaed t this temptrture is rost effective 

ks ip fcwyl by tlx: slo7t of 	e water 1.,emperature (naves. 

Mc 	of 	 ae83 tan obtinee by plotting 

the Nen teroerature difference es orcite and the con4enser 

tonn. 	tor ,a ;?.iven w&ter rte as ?„tsciOse* For e .iven quantity 

of w -  ter, thers is 	straight line relationship between the aver...• 

RF.ertteTyart..4.tur i:7if:Turace aad the condenser tonnage* These 

curveP, tEnd. to amvure to acm.:on point at zero me ,111 tennorature 

differmce. OndoubtAly if rune wero wAde at very i 	intenrer. 

difference, the curves would bend and l!Ftss through the 

ortrrirl, 1.) -ter7ise tbi would have to be explained as s het lesic* 

GlArve glet 	SS sho4s t 	rcltif,a of condenser tonnage 

Rae Trtity 3f - ter f 	a 	ei eni1rteerature fAfforc* 

This in - 	t lina 	exoelt for lov velocities 	Say 

tclfy:cO 	A.J° A.note* MI; 

by 	co-;r 

tr • e 	Le re: 	 aa thectual i,i.roE4, of 

	

7 7, : , ed to 	 :).ne 31de 	*tOr On tlIe otI4or. 11014 

v11,a 	%77ed 	tt 	,:jvet by  the maaufacturer %a the b.et 

trasfer Area of the unit, and it seemed best from a cometaiiii 



I• arrompAri. 
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point of view. The area eznoned to overheated ammonia 7pn tendn 

to rcQuee hent t. 	'r imt 	-.72et: is prpotioally coostr-nt an 
1? 

shown by resTAlts of testa run at the University of Illitlin, and 

wou10 not rroduos inconsistent resultn if not tOten into nocnunti, 

•eme Ir. usinf.?-  tit s total arcs, a more nerly 7i,ver!7 	UC of 

coof:icient of heat trnnefer for the rork restate md tido, the row. 

suite obt!,11Aed in design road more neraqy -77ree with 'F.'xtual 

aAion conditions. 

The coefficient of at transfer ”If.ft, item eichteen, ran oal. 

oulated by dividinr the totpl best trnntlfer per hour by thc heat 

tr-nsfer re tire the mato temperature Cifference, The value* 

of 7 thuc OvterNined were plotted ts orCim-tes ,:.nd the mem temper*. 

ature 	Pnee pP t.bscisep, for 	!Tiven velocity of vr.T.ter. These 

eurvt, p 7.pnear t 	r.36. The vPlue of X decrePnes ;,,,11 the rfean 

tevneln'Alre diffev.,noe Inor-ftee 1:0T 77% :-siven quantity or coo/ing 

rmter as is shown', 

The curveA on ynge RS chow the xelation betreen X and vrrying 

qwntities of wt er for a ter mvn '-perature differnee. This 

rel :ticx4shi7 in a strRi ;7ht line except for velocitiee of cooling 

wter Inic than 100 feet rer minute. 

relltion of 	rntur 1f nnd 

ie 	,remsed by the eiuntion: 

4 

for a Aivkln N11ooity 

YID 

17 
Kratz, 	Maointire, 3.J., and Gould, R.E: Bulletin 

cember 1927, page 54. 
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In .7hieh: 	= Ooeffieic2nt cc ,2at trn113fer BTU i,er degree 
Sf. 

per E3,cluru :root per hour 

0 	f*. oonetant 

= 	tc-mpexatuxe differenee t  Letual 

4* A-c2city to- teuuo7.ecc:unt C tmxic,s uith the ve-oe 

4•7- 	lr 	'a if 4. • 

In '3.1.oh: V 	?2,1)aity o 	ter th f,7.;at pav minute 

ie then -t-flresoed aot 

• 

in Ibleh: 	VAn1 ht trnsfyvrod 

- t tr -  "ffIr %ref of 

P.74.4oke 	 obt-Aned 3, :reert for lorr vela°. 

ity 

	

H:c 	 7A.h. 

T -ro 	 t-=ty.mie, 	1v4enty%,. 

• 101Alee y the 	r1; ,2 	tL) 	It.ir 

f-lAcm the retlnee to ep.t' flor of t1 pnitf,t film 

to to ti„iree t1eF:2:1 roat !d.7) resintnee Offe.i ..:1 by the 

water olirfaee film. The term:trature drops., items twenty...three, - 

Vomity—fuur, and twenty.five, also bring this fRot to 11.1t in a 



differnt way, 

• curvo (r1 	el-,L(yve ti,;xiation between the mean 

pextmo difftl'mce rd the diflernce in tamperatuze of• the eat., 

trTerwrel of amonia 13,c7 thc chtertac vatez .(: -orex-fiture. ... • 

it 1,:; 1L .tetink, to note th! -A' thene curven.  tre ctrft lines for 

-luatity of t'Iter. These are cslleil (lue lines. 

• ilottin the mean tempertar difference), condelizer tonnage, 

7.,lue Uncu t  M I, and velocity to a comnon set of coovAnl:tee. -ounda 

of Tv7ter .7)or rAnute 	ordinate uld condencer tonn,. e 	abectoca. 

1.0 performgnce curves remit. The performance curves f-lre eLown 011. 

Mely; ourven 	1:tiled in design ex,FL,,ctly ,a13 LLQJ 	r€ uged 

for 	cJl.clr with the exception of the we of the 1u 1iu. The 

uae of 	e curveu trx7.1a bit be elined by an exz1e. It I de.. 

ared 	';‘Tc(jucg four tone coneenEler effect with 100 pc4ndo (4 70 

Cogreea FatIrenheit ocoling 	 Hinute. It will be noticiel.. 

that this lint fella on the 21us 10.3 line,: The reoulting eaterio. 

tion 	4,...n.pQr'tvre will be 70 .1 10.5 or 	da“ees Fahre0. 

Lett 	be oirnressure will be 	pouato 2er cfaare 

'5...liontiou of t .z.it3e 	 in 

tenext 	otian or t::Aie pper # 3 :: -.C12 .to on PL,Ilt 

. a 	 f Oc - rollgikitu ilerc Jbtained -Jith 1,1+0 owaencer 

Uerv,i4.  of iiroi 	ll slum the coefficient 

1: - .n.fcr o tLe 	 or 	!tven 4uantity 

of 	Der nquo ft f 	 Mie'can be 

axcounted for by te fn,ct thrit the rctilAl mter velocity wcia 

er and hew the eurfse• eonduetanoe we grent4' .  Howevert. when baped 

on : .ipunds of -water.  per minute, the relistata of the thlivettity. Qi 
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re lon g  i.e., fox a given mean temnerlAuxe difference* 

o 	tifly bu ex ,- lained b tie. fnct that in the =All 06400 • 

deller the 	ter wee in gret' tarblance due to the closeness of. •• 

the 	rtturn 	rtd t 	r the turbulanos t  the great*.  

er w:,111d. *he t:L:e eouduothoe of filet* e tcA; at the 

Paiversity II Illinois did of .c) trJ a low enough veloolLy to show 

the t.:3vcrese in t cOeffieierlt of :.wat txfox X due tcl. velocity 

p.nd'xnloa d, aot show t'Astri f:a. the mean '6oulperature differ* 

ea ce liae ou the ?extortnce curves to head toward cyriiAn* 

The rrestnoe of air th the o4.ndenf3er is very quickly deteeted 

by ner)n3 of the totern th the aarionia vapcx -* Ourve.nheets 

sho, the e“ect .:7,ro1uosd by air 1..fl the onndenner0 - 

 The it effective ethtxi o 	the hoadeaAer of w.:In oondenelo- 

ble 	ior t 1)7 	the coudenser near the it Id a xila out*. • 

let. Tbe effeot profteed an the 	forwinoe la simply to out down • 

the het tr-nsfer Nre9,0. 

Me effect of pvegoure is "hst .own by th6 curve's On 	e 8S.0.  

On t -;Tiis. 	of ourvon fr ste of - oints ohow that' :7,11e 	re- 

quired fnr a -Iven city Is lowx for higher :)71Arar-0 

efr(!ct t 	t 	',7)erAs 	FIT;lout 1/ 	la-an 

:%)artd3 	qaa'L'e -.oh Inc.p:,,se 141 pxus3uxe* 
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VI. 77,ffects on Pl.nt :jr . erA ,:.)n 

When conzidering the copertin of a oilmmresein rt4riertion 

systev, i 9bould i.:,  keut in mind tht the ;ystem consiate of three • 

unit, the 001er, the condenser, and the conor, Almon in oper ,  

.,,tim there is 	definite relAtilnship exit;in .  betweene.,t,,x:b unit, 

dee7116inicr uron the operting conditione. In order to produc a eer.‘ 

t111 wtity and tekmer-Lture. of brine, 	fixed imxinom back Qreesur•. 

niPt nct te execded, Paso, if tne ocmrressor is to ..i...unr: .,  uciostat 

amLioni7,1 to pr000e the refrier!Aing effect In t 	000ler t  it muet 

within certinpregeure ri ..nes Or else it zill not have :,..1%rge 

enowii c?..2city or oleo it will 01,14 too 1,1rge a quatlity of a.ania.. 

Aloo f  th ocm(enc:.',Ji!t 11: .)t only have a - given quanLity -.4 ater to 

the 	L 3ure antAonia but it filust do, it at a reason - 111e 

prescu;:c. fi.)T tLa iven ,3a4cienzing 	ter .',,,-„terturio. jusfc, ilow theae 

relt1i 	iTill 4;.11.nee ti4autiiv ,Js can, :.e. o'otaineCt iii 	*tudy Of 

tne fozagoihg performance cues of the cooler and ocinUeaser, and Of 

the ;JerfoP-6.•Ince CIVC3 of the eow.:ressors 

The -Je.forrtnoe curves of the com-c,ressor such as are .;:weded - tA 

() .1 	i.4 .....ort .11,n anown on -ve Ms T'ae eurvee , %re drawn 

from 4 t; ,, t - . ,.en Ouring thene teAtg ,Irld iron di:ta folniod 'oj• the - 

. Frick 1:) ., ,,-.4/ of '-'1,ynt4lboro, c'enneylvanias A brief ellwx4:-  L.Z thin 

is f4tiown on pao ns The val.-1,2e° given for power by the -Vrick •. 

aowtin7 ',!mre higher than the power dei;eriiiined in these ,,;e•2 .tf.l•• : - 'xing • 

to 	:' - t that the machine t*sted wns new an in excellent iorking 

0.1tn, tore we.ight ufte given to the trick date. 

A .study of .)lant onevItion can beet be made by m-vAls of a prob.. 



Comnreesor Ohareteristio Datr 

ftetton 
prossures prtsaure 

,).5 

131;4 
176 

195  

in.  tono, 

2.1G 
7.19 
2.22 

...,...., 

lorGe  •'?0W4IT 
required 

5.49 

il:i4 
 4.92 

1:5 '.t.18,9 .1.82 

1f,', 105 2.735 6.00 
lt5 ':„.815  

17L ',...99  
11=5 - .9V2 C,34 
'LC) 4,94Z 35 

15 20Z 

18C)  
175 	 S.52 
165 	 S.2Z5 
155 	 T. 

mr 

1'1.5 	 1.17 
1,5 
ITU 

- 5 	 205 	 4.7Z 
1:35 
1 86 
175 	 4.se 
A.00 	 4,95 
15 

1. 5.34 
18$ .40 

! -.17 
115 
145 ,.c10 

2O L.93 
195 ,).99 
185 ,;.05 
175 3.14 
185 13.21 
155 0.28 

7,88 
7.G3 
7.34 
7 .07 
6,79 
8.44 
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len. Me nemossary dattt would be a f1l01141 

=. TITO tone 
	igeration of 	l'egroo brine with 4 Ciegree 

Two tnnl rnfrig,err.,tim of IACer.:TO brim° ttiJogro0 

aeoling Tm,ter temperture 75 decreer; 

Pe„;rminc tic? 	 tlIc;D:1 	 ;nt Of 

brinc,  olroted in 	of:Te, the dirobrue 	 thk- 03013, 

oniw-a Itr.ntity of oondoneing wtor to we if _ower 	cur o040. 

por 1.lowtt hour.and wster costs tzm,  nents por WOO :tx.ilion

hv-v6 tvo diffev.nt teatureo of b51.ne it vilI 

r.y.;ctmry t: e to cooler. 2y roforria 	tLe 	perferM0 • 

ace oolvora, it will be iwcoscry to oircuic..te 140 .,aune's of WU* 

per :rinut7 	to ';nrints,in 	rc..7n 	 :lifferunce of 153 

degrnep,urIri 	ittt1 min tE.ttrdiffcrtqloi.;. 

!Ti 	I 	274-  7115,erge 

7;7 4  - 1304 	1:;.34' or 41.5 wurld6 • .;er Nuare 

Gooier. ::,ressure 

nuo,?,saary !:).Aok -cyreweur ,3 •r the 13 deaTees 4111 b_e; ttott • 

.:-.-;orres .v.11.A; to an 	LkitloeTt'us of 13.4 :73.(c.00es. 

• le ln 	s.vqlri„Lo temperaturu of the brine 	11peratuxe. 

134  airoo britio ...4) ,uz , .:Atva in ouoler 

1C4 	 4.14  S4 	r wuare inob %olute or 

le.3 foundfil 	r .,':Yresnurtl coler 

Ilenoe *  both of the 000lere will be operated from the wme oouto.'. • 

preseor. The back. 1::ressure naintained miet not exceed 19.Z i2ott.nas. 



per'square inahlage* Tbts lOweT presSur Uas If& Oft** oh a. 

2$ dOGre, brine 000Iot 044010 only sufficitnt easzonis be al. 

lowed to pass the rArantion ?slue to do the neoaschay 000ling• 

By roferring to the pertnmance curvcc of the oomPreesort ire 
find that '19.3 nomads 7vir slyupxo tnnh ga.Es to hiOler tban rhat in 

necessary for four ton capacity with sondenser prasenren less that 

200 noun; e 7er square imo gage. 

The oondenser performanoe ourve she the condenser to luive 

a lAre enough 0-sraoitir to trindle four tone using 53 pounds of water 

and a Teti re corresponding to 7$0  18* or 9739  Fahrenheit 175 

poundo per aqu-Rre inch tx., e. t'he oon. e uid also have the fee, 

tons oar)eity -using 18C 7,ounds of /inte• per minute and a condenser 

-i,resaure corresondinG to 750  4. 70  =4 Tg'.1 pressure of 1 ,Z.6 poOnag 

per equfLre ineh gage* 

Plottina a curve allowing; the rel.n.tionthip of quantity of linter 

and oomdenser •seasure *  the curves on r:%ge 70 result* ay use of the 
performAnce owves for the eompreenor *  the variation la power coo. 

tamption fox vaxiolle head pressures for four One capacity are plot. 

ted. By multiplying et-4h quantity of water by it oast-. to cents 

per 1000 ;rilons and the power by ooet, four cents car kilowatt 

buur *  to it cast ourves per hour for poser and wafer Are obtained* 

nese to 	alrven 9,.A.o,) then added to:rather and the Ilkwest 

on tbo curve, total costs -sr how *  Is looated. Sy referrias the 

lower xis it will be noted that 158 psuads per square inob gage 

preasuge la the most ecowmical prosamm for the oundiLion s stated, 

also the water conumnption should be 83 poundals?' minute. The total 
oost  of  optoz,atiost it be  230, ,oente per hoer and the power consumed 
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b6 S* 33 Loves `-'dives. r* 

By referring to dko performzoe amrigos of the couressor at 

1k pounds per 	roc `s sato 'Ind four toms sapesity$ 	matt= 

or cooler ureesure will be 16.L ,b pounci per equiztv iso4 %,ai t,e0 This 

coulee 	1ot4est pres9'are relralrentent tor tae coolers and is 

therofore okeb. 
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4r. 

OonalaniJne '';ummpgy 

Coolen Ooneluei'me Sumary 

There is 

Ftritiametios. 

1;10 differ, ,noe ia tL e v ue of the 	thmeticei 

Lemperature ifer ace. 

2. There in ii*V:le difrerAloe between the actual maan.temperaw 

time differk=o and to t loaaxithmetioia or arithmetical man Au* 

3. coeZficient of Le 1.t trt,41si'or A v' ilea invelnely a4 th4 

tIean tenvertulT 04ferLace raieed to the 	pomor4 

The coeffioleut g vr,aiee d rectly Ls one.3ixt4 o the e100, ►  

ity. 
•345 

r: Tie tots,- 4eat transfer Ivaiee asi 	A(196 + VAMATD) 

amggonia film xesitance vzsies as the area expeeed tO 

ztqmonie gae. 

7. Me ammlnia film resiltince is ei = 1-1t to aixtean tries that 

r - Iter film reeistimoe 

8. Vie maximum rotary of a I 1,0  3 2 x 1.O $ ei 	pi ,.4a condenser 

th 	nela temperature diffsrenoo 'toad  be Rbou a lin tons. 



OnNienser t et °enduetone Sumqary 

rai;e and 1 ?he oondenner tonnago le n. tiAactii.m of the w e 

the mem temperaure difference. 

. The film mufnce coeffioient of conductance va 1 8 t 

vast so and inversely as mme fUnotion of 	total quantity of heat 

tvInnfer. The fi7..1-,7 t%Icle,nesc w_rioo lo fl teat) function of,the weight 

of .1,4monia, contionflod ex nlu -  e foot 

3.vied or ourfze coefficients obtined by the Univereity 

Bulletin No. 40 1  'the matmonla fmsface cociiicient increase* 

as t4o tm.ter velocity iaorec,zes. 

The coefficient of heat tr',.rafer vsries o the velocity 

divicaed by one and tventy.two 'hundredths, 

coefficient or neat tr&nofer vries invexsely a the 

mean tepernt;IrE: differnce to Lhe 3ev 	enths power. 

The moat effective area ie that which comes n c , nuact with 

the coldest imter. 

7, The is little eub000ling of the liquid when the condenser 

rly mrved, 

8. XT 	 prcesure Cec -rereco the necee 

peltarr; .1..f.czloe for a given oapqoityi 



141. 	vi:trtion ..;onolutonb 

I. riwze io an conolluic iiiini4auLl fox the total corit 	uantity 
of 	Lfl ocLipr0000v 

0 Ito rel&tivo 000ltIr 	to 	 '.f . oa 10 	. , :, 1Liately.  

I tizion sin Ltlu -oLJ 

tenpertur4,; co.01.nE =Lte,r ie FUfl 

•tor 	L-eeCed 	 r4., tionN 
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BilAlcwraT 

3ab000k and 	1oox 	any:. '',..xprim..ents on. the Rate of Heat 

rt3: 	 t:7;ktat 	Ooolr 	i1i3Surte, 

Bartlett AI 'freae, 	Yorl, 1213, 

711a.t.1 0 	 RwAt TranofeV 	rorted 

Flow of Air rEit. JiiAA.tjes t 	 ALK:!Tioaa '30 .oloety 

o 

	

	otI 	 Tranuaationa„ New 'Zo17:::.„ Innfl fr  Vol, 

S . 

1.,A \ :) -Lialr in leat Te 

oZ illL.Aoi$ Urbana, 117illoia, 

aroft, 7.0: "leet 	1in tuAuugh BoileT Tubea, :!raiersity 

of 37.1111Als, Urb;AAa, 1927, 
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