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la 194'7 a paper waa prea•te4 1-T Mr. Jlu.gb. s. Illes (17) oa the de•lca 

of a ateaa-Je\ refl'1gera\1on. uit. fhia pa.per coapr1ae4 the collec\loa u.4 

oonela\1on of a'f'ailable 4ata fJ'Gll wht,ch \he deslca ot a alx.'7-fiTe \oa 

wlit waa nolYed.. .Baaed on. Mil••' reooaaea4a'1oa \hat a wt.1\ be built for 

teaUng the Talid.1t7 ot the dealC,D., 1\ vas decided. to conatracs, Md teat a 

unit 111 the KeoAaaical. llng1aeering Labora\017. 

Althoagll C0111Hrcial. coapan.iff haTe spat cou1d.enble lille aJld. aoa.,-

on the d..,elopaen.\ ot st.,....Jet nfri«eraUon \heir reaul ts are not 

publltlhed.. B7 the constNC\ion of \hie uni\ __. experiaea\al work OOlll.4 

be done ao that IWl1' oontliettnc points ia an.1lable lUera'1lre u:, 'be 

clarifieA. 

1' ia \he plll'POae ot the au.lhon to prese1l\ \he ae\hod. of ooa•lrae\ioa 

ot a :t1Te \on ate...,.Jet retricen\lon WlU aa4 \he teat 4ata tha\ could be 

obtained. 111 the \lae aY&ilable. 
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lll'lD o:r Ll!i!ldUU 

leoea\ ad.YU.Cea in .Air Cend.Uioalnc ll&Ye opeud a urk•' tor tJae 

pracUoal appl1cat.1on of .,ea-J-' retri,;enH.aa. .Allhoucb, a\..,..Je\ re-

frlceraUoa uni \s haTe been oa llal'kel tor a muaber ot tNZ• ,11.e de1ip 

of lh••• uita has no\ beft a't'allable. hoa aY&ila'ble lUeratue Jlllea (17) 

eTolTe4 a proctl411re for 'Ule deal&a of a ateaa-Jet retrtgeral1oa11Ai\. Mier 

a 4eac:r1p,1on ot t.h• Jill•• made an enero anal7da to de\eraiu 

the cond1'1oaa of the ateaa and Taper a\ ftl'iou poln\a •• \hq puaed. 

thl'Oq;ll the ult. As the acta.al proNaeea thrclrudl \he aosd.e. alXbc 

c:b.aaber, and ditf'ueel" did not follow \he !deal or 1Hll,roplc paUl•, 1\ 

waa •••••AJ7 to latrotbl.ce certala e1'f1c1•07 f ao\ora lo aecou\ for '11••• 
lo••••• l'or \heae etttcleaq taotoro, JU.lea used reOOUtm4.ecl Tal.._ 1111.1• 
he 41scuaffd along vt\11 olher taolora peninet-:.1 \o the d.edga of \Ile uau • 

.Alter the deten1u.Uoa of the ateaa Tapor n.uo., which he foa.ad to be l. 53 

pO\'llk\a ot •'- per pc:nm4 of YapOI', ~• act.ual eoad.Ulou at \lle '1lroat mu\ 

exl\ ot the n.oasle. t.h.e exi\ froa \he naporat,or. u.d t.he bale,, \hroa, aa4 

al\ of \he d.ittuser were found. WlUl \he oond.Uioaa \ma to\Uld. oalOlllaUoaa 

were made f'or de\era:laiac t.he 11ze of '\he naporator. nosale. and 41ttllad. 

111lea tiln. reooaaadecl t.he oo:nat.Nc,toa of a, Ulllll uni\ for \eat.in,; the 

ot h1a dealp. 

!he lUeratuN exaaiaed on dU'ftlaa and en.1ira1•ent ett1c1eac1ea ga'ff 

Tai,1.ng reeomm•clat.iona as t.o \he ett1o1enq \o use. !he following \able 1a 

a IIIUllllaJ7 of · \he Yalu•• g1T•I 



Ditta.1er 1n,ra1uat Beco111ae1Mle4 
Eff 1o1en.c,y :.Ufi clecq --= - A516T:S Guide.,1938 (2) 

6~ J.C. h:rtoh (4) .,~ 6&.' I. L Sparks (23) 
75~ - I. G. IJ.rod, Jr. (8) 
18:' - F.R.13. Watson. (26) 
75-80;£ - G. J'lucel (9) 

M8Jl1' \Jpea of spJ'a,f arr~;eaeah and \anka were preaeated b7 the Yar1-

ous au\llora. lSertoh (4) uaed a perfora\ed flat plate, a tho1,;er hea4 arruge-

an.t and a perfora\ed pipe 1n 'both Ter,1ca1 and horisoa\&l eyliad.l'ioal 

eYa.porator tanks. Ineerooll :aand Co. (13) used a weir in a rectan.plar 

eTapora.tor with the length of the \ank d.epend.in._i: upon the number ot ejectors 

on the uait. Thia method. exposed. a larger surface o! \he water but did not 

g1Te a fine d1T1sioa ot the water :parllclea. Ver\ical tanks cave a lon&er 

tall tor the vater, \bu.a peraU'1ng the water par\1clee \o separate troa the 

Yapor before 1t vaa carried off, bu.\ horlson\al. \aka gaYe a greater water 

prface. !'roa thta l t. vov..ld. eeea that \he dltterence betwea hor1son\al. 

and Tenical. tank• vaa uall and t.he choice of the type to be uaK va.a of 
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DESIQI AND SI.JW1'101 OJ' ».W'lPMlilft 

A - J?!aiga i>l4Jl&91a 

the apparatus will be a.sa•hle4 1n the baa•eat of th• Meebaaioal 

•g1aeerinc .La'borato17 uainc the .Al.berger condenser \hat 1a aet. up \hen 

as the con4Rser for the unit. fbe eTapora'1n« chuiber, 41ftu.aer, aossle 

and heat exchanger will be d.edped 1n accordance wUh the following 

condition• (l?). 

S\eaa Preaaure A.Tailable -------------------- 150 pale Stea PNa9\1re, Deatc;a _______ .., ______ 110 P•ic 

Condenaer Preasv• ------------- 2 in. He. abs. 
EYaporator Praasve ----• , " ----- .. ---- • 361 ln. lfc. a'ba. 
Vapor '.-11'7 leaTing ffaporator ------- 97f. 
Steaa ;~1\7 ----- • • • ----- •---- 99.~ 
Chilled later 'l'eaperatve ---------------- DO°t 
He\un Yater 'f•Pfl"atve ______ .,.. ---------- 60°1 
lo1&le :&ff1o1•q (entnace to !hroat) ---- 9~ 
loslle ettic1•81'• oTenll. ---------- sfl/, D1tfuaer :&ttloiencv- _________ ,,, - --- 75'/, 
btraiu•t ltt1o1eaq ---•- .,. _______ 66~ 
lletrS.cerat1oa ltteci ---------- 'Jl.O-'MU/ain/t.o• 
C0111preaaion .ia\1o ------------------- 5.5 
Cou A.nigl.e of lossle --------------- 10° D1ff'Uer coab1a1ag cone ancl• ,..__________ :( 
Diffuer d1Yergent coae &11gle ------------ 6 s, ... Vapor laUo ------· ---------- 1.s~, lb at.ea/lb 

•apor 
U•tto .._er (lo) --· - - .•• -----· - .. • 1:n.a 'fff1/1'b 
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noaal.• exl\ 
am ana. aquare laoa• 
conneo\ion be\ween 8ft.POl'alor ancl diffuser 
diffuaer dhaharce a\ ea.\ranc-e t.o oond••n 
a 41 ... \er • lnab.et 
ilttuaer \hroa\ . 
accelera\1011 due to graYl\7. 3:1.2 ft./aec/sec. 
u anual enthalP.Y, 'lfflJ/lb , 
aa en\halp7 af\er an 1aeat.rop1c proce.ta, B'?U/lb 
u ao\ual en\bal.P7 chanc•• .TfflJ/lb 
an 1llen\roplc ea\halp,1 abuge, BTU/lb 
diffu.H.r We, 
Joule•• cons\ant., 778 too\ pou,1i.tta per :BTU 
klae,10 enera, mN/lb 
~ine\1c enera of \he a\ ..... Je\ perp:MUMl of., ... auppl1-.BN/lb 
k1n.e\1o enera required lo compnta one ·;10Wl4 of t.he aix\ue, 

h"i!U/l'b 
k1n@\1c enero of \he mixt.ure a\ \he 41ff\uer 1nle\ per pGIU'ld ot 

a\e• supplied. »'lfJ/lb , 
k1ae\lc eaera of \he aix\u.re per pCIWld ot llix\u.re, '11tfJ/l"b 
ldne\ic enera per pound of s\eaa aa;r·,plled. anllable \o oonrpn•• 

the T&por, »ru/1 'b 
coab1n1n,; cl:laaber 
weit~ht ot tl.1114. :voumlt 
pc:nmd.a per ettuare inch absolute 
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pouu per aquare f.aa p11p 
retrtgera,1ac ett"' - J'fTJ/a1Jtea .. ,.l'lac ., ... 
ao\1n.a,eaa Rppl1e4 Ul.roucll •••l• 
aossl• ,uoa, 
a TOlae, •• tt,/l'b 
a Tel.001'7, n/aec 
'11al.i'7 of••-
., ... -napon.te4 \he •\•r beiBC eallle4 
polal Jue\ prt.or lo •••r ea,e.nq napora,or 
pola\ Jud at,er wat,er l•••• naporakr 
coat.binc e:oae aacl• 
41t't11HI' ••• aacl• 



c • TM fcaM\5z: ot Iii NS 

D: Mb(hb • h1) 

11 1(1060-28) 

: 1022 l!V/lb of ygper 

.u a condilioa of a in. lg. an4 h4 • 1131 Jm:J/lb of au:tun, 

•d: 3'16 eu. ft/lb. 

for a a1, of fl•• \one, \he ve1gh\ of 'f'apor aeed.ed lo be oarr1ed. ott 

1a: 

"Y : 9fPM1V (210) aoxu 
•§.xa:tg 

60 X 1022 

• .0172 lb/see 

!he a1ae of \he 1».le\ la\o the coad.ase1' neceua17 to carey off \b.11 

Yap01" at a Yelocl\7 ot 200 fpa 111 

= ,og ! ,,, 
200 

= o.-os2 .q. n. 

'I-

:: (144 X 0.082/0.7854). 

• a. 88 sq. 1a. sq 4 tn.. 
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n - Ta• lfa22r11,r 

The ah• of the eftporaior oulle\ 1a determined by \he YOlae of Tapor 

that has to be carried off. 

: 0.0172 X 0.9? X 1703.2 

= 28.4 cfa 

'?lie YelocU7 of the Tapor lea•inc the naporalor b aaaued ,o be 

l0O tpa (17). 

: o.284 aq. n. 

DI): ( 144 .x Ab )t 
( 0.7854 ) 

: ( lff .x '2,ia~)½ 
( o.?8M ) 

.A. discarded gal.Yan.lsed. aieel hot water tank vaa obtained that meaau:re4 

14 inches ill diaae\er. 40 l~cb.•• long and had. a vall thiclmeaa of 3/16 ot an. 

1nah. AcconU.11g \o the ASP Code for unfired. preaauN ff&ael• v1\Jl u,ena1 

preaaure. a L/D ntio of 2.86 and a t/D ra,10 of o.0125 cl••• a.a allowable 

preaaure ot 90 pai. fh1a •ad• ~• tazuc safe for use in \hia uni\ aa t.he 

aaximm pressure thai the val.la ot \he tank had. io witha\and vaa at.aoapherio 

p:reaaure. 



!he flow required la Ule napon.lor for a ta cle,;ree Y 4.1ffereal1al be-

tw•• eater19C and exit circw.atla,; waler 1•: 

J'low • cyao1v x 20Q 
wa\er ••P• r1ae x 62.4 

: 5 X 21J0/10 X 62.4 

Slace U is recoasead.e4 \laal the flu.14 capac1'7 of lhe •aporator be 

autflciea\ to harulle \he nol'IIAl :now for on.e mtmlie should. tll• •11PP17 water 

be ~t off (l?). a ••l•• of waler greater lhu 1.62 cf1I 1• •••cled. ia the 

.&. : 0.7854 X ~, 144 

: 0. 7854 X 196 /144 

= 1.07 eq. ft. 

h > ' 1: 

) 1.62/1.07 

) l.515 ft. 

aq JI= 18t in. 

!hi• ll&kff the fla.ld capaeit7 allptl7 aboTe \hat reQ.uind tor a no:rul nov 

ot the cil'Clllaliiac waler tor oa• aim\e. 
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Ou booa\er •J•nor ia used w1\a oJ&l.7 oae ao1ale ia eJ•ctor. fte 

deaa 41aeaarce4 lf' \la• aoslle will ·b•a 

: 1.53 X 0.0173 

: 0.0363 l'b/ sec 

Wl\a "'1111\J'la aoadiUoaa ex11,1ag la the uasle u.d 1a1t1all.7 we\ 
' 

a 0.58 X 123. "I 

• 71.? p.S.a 

h\ • ha - o.95 (h. • lt.l) 
= 111a ... o.95 (11e• - 1144) 

• 1146.l lJfU/1 b of 1\ea 

y t : 223. 7 (ha - h, ) t 
: 223.7 (1186 - 1146.1)1 
• 1411 fpa 

WUh Qe pnan.re and •••Mlp7 at \he \hroa\ lalova \he quali\7 of \lle 

ia found \o be 96.l~. 

,,., = x, x T (aa,va,ed Tapor) 

• 0.t&l X 6.08 

: 5.83 ca ft/lb of a\eaa 



A\ a VaYJft, 

- 0.02636 :a: 5.83 X 144/lQl -
- 0.0156 aq. 1a. -

DI• (A\/0. 7854)1 
= (0.0156/0.7854)• 

- 0.14 1a. -
A$ ,he ext, froa the nosale \he qull\7 ot \he eteaa 18 79 •• aad \he 

entbalp7 1• 862 B!t7 froa VAica ls toaa4 \ae apecltlc -rol•• •• • 13'9 • 

R/ll1. 

i Va: 223.7 X l:a 

: 223. 1 lC 33# 

• 4025 tpa 

Aa = 1fa •a/la 

: 0.026za5 X 1349 X 144/ 4026 

• l. ;fl aq,. la. 

Da • (.A/0.07854)t 

• (l.2'/0.7854)t 
aq lt laalt.ee 

Jla•inc the \hroa, dloner. u:U diaaet.a. an.d the coa.e aacl• ot uP • 



\he lacth of lhe aoszl• 1a calOtlla,ect.. 

L = l,21 - Q,l:f,1 
2 X 0.08748 

L : 5. 78 P7 &-3/ 4 1acb.ee. 

!he We\ \o \he noal• ia the are of a circle who•• ndlus 1• '1u-ee 

\he throat dlaaeter. ad the entrance ad of t.he nosll.e will be 

1illrea4ed •Uh 1¼ lach. .Aaerlcan Staadal'd. Pipe \h.reada. !he noule 1s Md.e 

of braaa to' prnent l"ll9\1nc. 

!he lengUL of thread oa the •traace ead ot the noHle b aoapaled.t 

whena 

L : (0.8l) /, 6.8)P 

: (0.8 x 1.66 j 6.8) 0.08? 

= o.7076 .-, a/4 ,. .. 

L • leng\h of etfectiYe \bread ia iaahea 

l) = pipe cllalNler in. babes 

P = pitch of ~ea4 

The threaded portion of the base is l½ iaches lone nnd. the hexacoaal 

head oa th• nossle is c•tered oa the throat.. !he total le11gth of tu 
aoslle 11 lt /. lt/2 + 5-3/4 • 8 hob.••• the nit at tile exit of 1M aessl• 

11 ll&Cle 1/8 of aa inch thick, \mu aald.ng the outside 41aaeter of Ule 41-

YeJ'ginc portion of the noslle lt lull••• The hez.a«oaal head 1• u4e 2t 
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inches tla\e aa4 li w14e. 

!he aossl• 1, placed ta poe1\1• lJr 1"uten1ng 1\ to a piece ot lt laell 

pipe 1',r aeaae of a coupl inc au aorewiag th• pipe ia\o tile nuce. !hia 

aelhod 1a used for posU1oa1ag \he ao11le aiace bl' YU7iag '11.e 1~ of \lie 

pipe, the llO Hle oa be placed. 1a U'I 4••1~ poaU ion. !he flag• waa 

faataed \o \lle '" b7 aeaaa of eight, 3/4 x 3 inch 'bol'•• 

r - n., PVfYB 

Jroa page (') the klae\1c ••ra (lo) of \lie aix\ure al tu lllle\ \o 

\he dlfh.ser 1• 12'1.2 M!O/lb. klae\1o aero correapoa41 to a 

Yelocl\7 of: 

'1 • 223 • ., (l:1) t 
·' 1 11 223.? (127 • ~) t 

= 263.) ,,. 

w .... , ... 

= 0.0264 I 0.0172 

= o.0436 u,/aeo 

•• •Uaal.P7 ot \lle ai.Xture, al the ble\ \o \he 41ttua•, (ll.t,), la 

1004 JmJ/lb aad· tile preeaa:re eornapon.d.a to \hat ln \he en.porator vhich 1• 

O. 362 pela. flle apeo1f1o TOlae of \he Yapor a\ tbeae coll41Uou ta, 



... 1 • 15'1'1 n. f\/1). 

J'roa \h• a\,ove coa41Uoaa the area ·of \ILe 1alel to Ille cl1f':fuaer -.a 

be aalaala\ed.. 

•1 : "a :x. •s/'1 
: 0.0436 X 1677 X 144/253) 

: 3.93 aq la. 

Di. : VJo. ,a54)t 

• (3. 93/0. ?854)* 

: 2.24 laolle• 

fo d.e\el'Jliae \he Ut.roa\ d1 ... ler of the dif:f'u••r a 1erlea of approxl-

aa.'10111 vere aade at Yarioua to deteraiae \he pNtamn at' wllicb. 

the area 11 a ainlaaa. As the preaRN at the throat is approxt•tel7 

P 4/2 or l lAch Jig. aba., calOlll.a\loaa are 1184• at 1.0, l.l, aacl 1.2 meat.ea 

of JI&. abs. pn1aure. !he Jdae\lc eura ai j, ia con.11dere4 aecU.gible • 

.Aana1ng h•tropic coapre111oa \he 1ale\ to 1.1 la&•• Hg •• 

1'f .l - ht : 1063-1004 

: 59 B'N/l'b 

Aa the aotual aoapruaion path to l.l iaehea Jfc. requires •re 

work it is neee1aa17 to uae a cliftuser efficl•q w!llch will aooo'tllll for tu 
lo•• of enerc,. 



h1.1 • ht '12 hi,1 • l\i 
•c1 

: 59/.76 

: 18.1 BfU/l'b 

: 1082.7 J'IU/lb 

J'na \he ceneral aerg equ.a\ioa be,vecm \he throat of the d1ttu.aer u4 

the d.1acb.uge ia\o the conden.aer the ab.tve Yelocii7 a\ the throat 1a 

d.eten1aed.a 

1\ .1 t -,:, . 11 _, = 1'4 ; r./ a,,, 

1082.? I Tf.i/a,,J : llal f 0 

'!Jle apee1ftc wlue of the ftpor a, a pr .. SUJ'e of 1.1 tnchea le• an. 
and u en.tbalpT of 1082.? 181 f1.1 : 588 -. fi/lb. 

Th• area of lhe throal at 111••• coad.i\ioaa i•& 

: 0.0436 X 588 X 144/1566 

]),y \he tuealllo4 ot caleala\1on \he area at l.O inch•• Be. aba. 11 



-19-

1aehea. A.a \he Utallest area ooouzed. at l.l iachea of Hg. aba., this area 

D : (A1.1/0.?8M)t 

: (2.3?5/0.7854)~ 

= l.746 1acb.ee. 

!he lnc\h of the straigll\ secUou ot the \hl"Ga\ 1• \akea •• two di-

•e\era, or L • 2 .x l.?46 = 3t- 111ahea loa«. A eoabh1n,; eone angle of 32° 
is used and the coab1n.1ng cone la Jo11led to the \hroa\ bJ an. arc with a 

radiua of elgb\ throat diueteN, or R = 8 x l. 746 • 14 lach••• 

!he •1•• of the .. apora\or outle\ 1• 8 inch~• (pagell) ao aa e1p., 1•all 

cas\ irou tee 1s '\lSed for \he coa'bin.1nc chaaber. fius made U poselltle \ct 

haft t.be ov.\tid.• diau\er of the ooab1n1nc eou of the diftuaer 7t incb.u 

vi \h an inside diau\er of &&- iacb.ea. 

'l'he l~h of the 0011-yer•ginc poriioa of the ditfu.aer it de\ermiaed vs 

The length of the chord froa the inlet to \he \hJ'Oa\ ls deten1ue4 u: 



: 2.56 

!he diftuaer 1a deaiped and. ca.11\ 1n \vo parts vh1cm facllUatea th• 

11&cb.iainc of the inne,r aurtacea. fhe clitfuaer ia .made of cast iron and the 

walls are cast oae-half an 1ach thick. A portion of the throat aect1oa ai-
inchea long is in.eluded ia the low pressure end, making the tot.al leJSCth of 

the low preaalll"e end 7¼ ,} 2'-9/16 /. 2t • 13-5/16 in.dies. .l s\an4ari 

tlanged fUUnc ia positioned on the lov pressure of the d1ffuaer 10 

that the ri• on. the entrance of the diffuav 1a one-half 1ach froa \he edge 

ot the enporator Yapor ouUet.. 

Aaaua1ag a Teloc1t7 of a>o fps at the diacbarge troa the ditfaaer aad 

with the enthalp7 and pressure known, the apec1f1c Yoluae of the alxtare la 

found \o be .,4 = 3?6 cu. n/l'b. !he d1•et.er of the diffuser exit ia 

then determined: 

.At = va•d/f4 

: 0.0436 X 376/2/JO 

: 11.8 aq. 

Dd : (.A/0. 7854)1 

• (11.8/0.7854)1 
: 3.88 

!he dif'tu.aer is cast vUh a standard four inch flance oa the exit 1a 



order ~a\ a tou.r lach fl0° el. 'bow ca.a be used. to connecl U to \he 

tale\ on the colldeuer. A. standard 1•3/4 inch flange is cast on the t.hroa\ 

ea4 of each portioa ot \he 

The lenc\h of the h1ch preeaure d1Terg1n.g por\ion ot the d1tt\111er ia 

delenalned by: 

.&. one 1ueb. draigh\ seetica of the throat 1a added. to tile hip pNanN 

eeolioa tana aakinc the total len,;th 21½ / l = 22t inch••• 

~h• poa1Uon of \he nozzle e'J.1' 1a rela\loa t.o the inlet of Ule 41tt'tlael' 

d.elerained lv' proJecUn,: the COJle of \he nossle t.o the inlet ot ,u 
41fta.aer. !his diatance h cietea1ned aa: 

distance a-i • !,.-:?.t 0 
2 , ... 5 

• 5. 125 laabea. 

fhe ••al• 1s placed 5. ?26 ainus 7. 250 or lt 1n.chea indd.e the dittuer 

entn.ue. !he diftu.aer eutrace la 18 11'chea (d.ht&llOe betweea nuce tao•• 

on the tee) alma.a .~ iachea or lat in.ab.ea troa the back: !ace of \he tee. 



!he exU ot the aonl& 1a t.herei"1uel3t plua lt or 15 incua froa the Mck 

face of \be tee. 

J.• \he pr1Jaar7 obJ&C\ of lh• in.YeetlpUoa was the refrigera\ioJI of \he 

uaU a ae\hod had to be dmsed to pu\ a load oa \he uit. !he a1apl•d 

aelhod ot doins th1a was to circulate \he chilled water tb.rou,;b a 11n, a-

ch.aager. 

!he heat ucb.an&er w.s design.ee according Lo the prineipl•s 1:a 

G&tterl• • (16), to !urnhl'l the heat etttdYal.1111.t ot e1gh\ \ona of retrlcer-

atioa, udng a 8'ealll auppl7 of 14'0 pal gage presaur•. fhe h•t excbanger 

aade with an exces1 of three tone capacit1 to b.andle &ZIT ex,ra retrlcerat1on 

that the unit atch, ha'H and to make 1t. poHible to Tery tlla tupen.,ure of 

the ctrculat1n,; chilled waler. 

A eui table centrlfvtal pap aYailable ia Ule labora\.017 was used. aa a 

a1roulatln& puap. fhe puap VAil P l~•l'&Oll .iaa4 Model :a. Seri•• 09«>643. 

~• 21.Jll-M rated. at lO callo:ae pel' 11iauto ~a.in.at. a 70 too, head. .A tlev 

ot ten gallons per ia the equiY&leat of 1.40 da whlcll la •lldl\17 

below t.he deal:recl flow. !he reduced now would no\ 11&\erlall.7 cbaage ~• 

naul \a o\her '1uln hffing a eircala\1nc wa,er t•pe:ran.re cU.1'f eren.oe great a 
\haa 10 degreee. 



1 - fll• fmm 1o111, 

!he 1pra,y n.osale 1a made froa a l"t 11'1Qb. tecUon of 3/4 111ch wllOUga\ 

iron pipe. The neee••&J'T area for the d1 scbarge of t.he retun water a, 

l. 40 eta vaa d.etenin.ed. by makin.c the \otal area of \he cl1•char,:e hol•• \wo-

\h11'4a of the fiov area of the pip_.~ With diacbarge holes 7/64 ot an. iach 

1n cUaaeter. 34 hole, were needed. fhe diachar,e TelocU7 !roa tnea• hole• 

it: 

y = nu 
A 

-- (1,40) (~~) 
(0.1011 x 0. ?854 x 34 .x 60 

= 10.52 tpa 

A\ \hia Telocit7 the water will strike the ddea of the tank aad. 'break up 

into a tine sprq. 

.., - ,a, BulJL11u wima•• 

l - Th• Water B•••t•• bl order to de\ermiae \he refrigerating effect. it wu 

neceasaey io measure the rate of now of the chilled water. A Troplc rotary 

diak water aeter. JSWAber 1561922. vu procured \hat would. measure Ule now 

of water in hundredths of a cub1o foot. !hia meter was aanu:faetued. 'b7 the 

Fltt.sba.rg ]!quit.able Meter Coapaa;,. 

A water •et.er was alto ned.ed. 1n the make up water line io c.iete:raiae \he 

UIOUlli of .make up water supplied. to t.he eTaporator. .A. Wor\hiacton rotaJ7 

dlalt water ae\er, nwnber 1334006, which aea.S\U"ed the flow ot water ill 



pllou ••• o'b$ahe4. , 

2 • DI.I. fWDD 9PCI, A Loaenaa preaeve gauce. hchaaioal Jactaeer1:ac . 
Labora\017 111111~ ... 10,. -· aeC\lJ'ed ,. M&aUN \he ., .. PNIIPlJ'e nppU.• '° 
\he aosal• of \lie al...-Je\ •Jec\or. fhla prealllN cauc• ha4 a range troa 

30 1acaea Jfc• •-- \o-150 poada per aqll&l"e tac pr•••v••• 

a - tu. ft••IHI ltnlA'inc WI•• A x • t prHaur• recuJ,a\iac ftl •e vu 

••ed. \o Mia,a1n a ccma,aa.\ p~•au.re oa, \he ateaa aossle • 

• • Dll, lh.,.,..ltll • ho a1 lz-ogea filled XerC1117 thenoae\er•• l'Mcsac 
tr• alaua a> degreea \o plu 120 de,:reea hhreDb.eU, Mel aade '1' tile 

:Jllber Se1a\1t1c Coapan., were 'llaed \o aeuun \he \eaperalure of \htJ 

cll1llecl water and. \he re\ura Vdll wa\er. 
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the 1aU1al dep 1n the oon9'ru.c\1oa of \he a\...-Je, ul, vaa \he 

fabl"ioa\ioa of \he enpora\or tank fro• a aec\ioa of an old. water iank. 

Mier ln"adnc the top, the threadolets, and coupliaga in.to poa1'1oa. Ule 

napontor waa teded tor air leaks 'b7 subJeninc it to 50 pale air pr•aauN 

and lq appl7iag a soap solution to the bra.zed. µoin.h. 

!h.e naporator stand (which. con11sted. ot a steel plate bra1ed to oa• 

end. of a tour inch pipe) vaa placed 1n poaUion at the end of tile Al.berger 

cond•n.a•r. Thia poa1Uon and the hetgb.t of the stand ,were deteraiaed. lv' the 

locaUoa of \he deaa inlet at the top of the condenaer. !hen \he naporator 

••• plaoed 011 the stand and braoed. 

!he heat excb.an&er waa made fro• a aix-foot sect.ion ot fi"f'e-bob. pipe 

b7 bruinc the eada and thread.oleta into position. lt, too, waa tealecl tor 

leak•• u.4 thn made aecu.re on the wall. fhe aear-b7 .b.~h-preasun 8'eaa 

llae waa tapped, ad a line was ins\alled to the stea coaneotioa OA \he 

hea\ exchanger. An illpulae at.eam trap vaa put. la\o \he drab. line vh.1crh 

carrled the cond.enaat.e troa the heat. exch~er io the aain drain a,-st.• 1a 

t.be building. 

When \he chilled-vat.er p1Ulp vaa obtained. it. vu 1a8'alle4 t.upoi-aril7 

alone vi\h the pipiuc tor the wa\er o1rcmlat.1rac 1171\•. .A. prtslnc line aad 

a line lo t.he gland aeal wen added t.o pHYeal alr froa leak:1nc ia\o \lie 

e7a\a. 4 vat.er met.er haYiDC been placed 111 bo\h the oircalatinc llu aJMl 

the line, the aain water line cloa• bJ' was tapped. and. the aake-up 

line oonnec\ed.. 'l'heraoJNt.er well• were placed in the l1ae, and. in 



--m.-

the d.lacharge aa4 .. ,,.._ 11••• \o \he eYaporator. 1a oner \ha\ ,-,en.-
tarn oovld 1'e o'Malne4 tor aala.laUag \he •t•rnal load or retrlcera\iag 

ettM\ of Ule um.,. 
the Ulna\ dl•eter of \he aoslle vaa larger than epec1t1ed. 1a t.11.e 

de•lp, so a \apered. ili•er\ was lla4• for the eat.ranee end ia order to a"aia 

the 4edre4 throat diameter. !he inaide surface ot the 41ttuer vaa ua-

t1n1alle4 ••• 1\ arrt-red., bu\• b7 use ot tile la~• in the laborat.01'7. aacl ot 

a speo1al 'bo:rinc tool which va1 aade, the iaalct•lt \he 411t\laer vu -•sa-a. 
\o a reaanaltl.7 pod 111:rtaoe. 

Aft.,. tile '" vaa 'bol \eel d.own 011 \op of \he .-n.poralor, Ille 4U'tv.aa 

waa l»ol'• to Ule tee. The fOUl'-hch elbow •• taa\•e4 t.o \lle ooD4a1a 

a\tuoe, acl the four-l:>1'-•l&h._iaoh tlaaced. nipple 1aaene4 \e\w..., Ill• el-

•• aa4 \he 41ttuer exU, \l:ma comple\1q ,)le 1aa\alla\1oa of '11.e 41ttuer 

aeoUoa. 

A ftllber gu}te, was uaed. 'betweea \he tee aa4 the napora\or, bll\ fer 

al.l o\Jler Joia\a, ubes\oa paketa were eaplo7e4. 

:rna \he., ... 11a• colq lo the hea\ exeucer, a,,..._ ean•••t• ... 
aacle ff the aoaale ••••111.7• •• a wei,:11._ud-lner ,n- ., ... ,..._lac 
Yaln bad 'bun. P11' la t.hls llu lo naoe tJle .-... pree-.re, • ••-

preann gage ••• 1aelalle4 tor rea41nc Ule p ... ave. A \Ju'ettllq oalo-

rlae,er vu alao attach• \o 1h11 •'- llae la or4a '1lal Ille 111&1117 •f 

the ., ... a\el'i.111 \Ile aonl• OGIIJ.ct lte 4eteralu4. 

1' wu tel\ Iha\ \he Bourd.oa \7Pe Y&Cftmll cage oa \he aond.euer ""14 

not g1Te nfflolntl7 AOft.ra,e rea41DC• of Ute baa: pressure, ao a Tel'tioal 



-aa.. 

u-tulN aerCU'J' ..... ...., wa• oou,J"ll.ot.t. aacl oomu,cnecl to \he ooBd.aaw. 

file aenoae\er ua• for aMRriJIC tu pneev• ia Uae naporator wae a 

,111n7-4ecr" heltaeA U-\ulMt UNMr, aon_., .... ain.ce a Ye17 ...U pnann 

CA&lli• hen WOlll.4 haT• con,idera'bl.e effect on \he re8Ult1. 

A 'bl.lad. tlanc• was bolted to \he exn end of \he d.1ftu.ser, aad the 

enUre u1, •• pu\ aader a <t.O psis air pNs8UJ'e ad teded tor lulca 'b7 

eppl.71ac a aoap aolv.\ioa. U aboulcl be ao\ed \hat, dur1zig t.he colla\rw:t\1oa, 

•••17 pnoauU.oa vu lak• \o el.1a1aate \he ot leak:1 b7 appl.J-

lac plpe GOIIJ)Ou4 lo all caake\ and threa4e4 pipe Join.ta. 

Appndaatel7 oae inch of ubes\oa innlat1oa wu UM h •n• tile 

en\lre eft}>on.tor ud tu aeoUoa of the uU to decrease the ..... , et h•'I 

truaterret to the uni\ tr• the eurrouclinc air. Kaca••1& pt:,• 1..iatloa 

vaa put oa all tb.e ateaa llaea to dec!'ease condeuattoa .of \Ile ,,-. aa4 

COJ'ftPle4 u'bea,oa lnnlatioa oa the chilled-water llue to 1UIIN Ill• bed 

reg'Qlatl•a of loa4 al \he hu.t exohuger. 

Calllwatioa ot \he 1aelrvaete vaa a rela\1Yel7 aiapl• •''"• .. Ille 

onl7 1aat1'911a,a lo lHt-oellltra\ed. were \he wa\er ••'•"•• \lle .,....,.,na.ue 
~a«•• and \lie \hemoae\en •. fl.le va,er aeter, wen ehHke4 b7 ••lcll111C Ille 

va,er nowizac Iha oa a ••' o, platfoN •Nl•• for 'ftl'1ou1 ,NM'lt •t 
now. Th• wate1' .. ,.,.. w•n wllhia oae pa ... , •fllll'aflf'• • ao 111111\ntla 

Rm waa a .... •&17• th• p......,. cac• wae •••'••a Sllaetter ud. 

atd.enlllll.rc llead-welcb\ .,_ ..... lltce f••••r. the __. w.a toa.4 .. t,e • ..,. 

rate to w1 thia tvo pours.cl• tor \he N.M• froa 35 pale le 150 p•ic• fh1a 

aCOIU"acy waa deeaecl autt1o1eat for all practical :pu.rpoa••• 



: lfferal \llenoa.e\eN wen obla!ae4 all4 COIIJ)al'iaoa of their read.lac• 

made at 'ft.1"1ou 1-.,eral'llftth ho ~era which read the ••• a$ all 

tea .. ratvea withia \Ile :ranee ot MUUJ'Gen.ta desired were u.ae4 to, utdllla-

ingflhe ehillecl water and return water temperatures. 
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I' ROC1'l)lJ}U. 

The unit was started by the tilling ot the s,1st• and evaporator \a ,be 

proper water level; the \lU"BiJlC on ot the circulatin& water for the co..., 

deuaer to allow cool water to pa•• through the condenser tube,: the opotnc 

of the steaa valve to ihe second stace ot the condenser eJect.or; and the 

darting of the condensate puap. The cooling water to the inter-condenser 

on. the :first stage ejector was opened to about t.hree-fourths of a turn. 

When the vacuua in the condenser wae about twenty-iwo 1nchea of merCUJ7, the 

first 1Si3.le eJectoz- vas cut on, and after the coadenaer pressure was redu.oed. 

to two inches of 11ercu.17 absolute, \he booster eJector on the uaporator wu 

turned on, and the ch1lled•wat.er puap started to allow the coolta,; water to 

be circulated thrOQCh the load or heat exchanger. When the deai:red. Yalu ot 

the chilled-water temperature had been reached, heat was added lo the water 

b7 meana of steaa admiUed to the heat exc!umger, in order that the water 

aight be kept. at \he correct t•perature. 

Upon compleUon of \he prelimiaar;y tests, which were run to f'amil1az-1se 

the au\hora with \he operation of the uni\, the test rune were bef;\ln b,y 

placing a one and on .. quarter-1noh nipple la the noaal.e aaa•bl7 1:a order to 

put the exit end of the n.oszle fourteen and three-quarter inches troa t.he 

back !ace ot the tee. Thia was approxiaately at the calculated. noasle 

position of fifteen inches. The condeneer preaeure vaa set at two iaohea of 

mercu.J7 absolute b,y the regulation of t.he cooli°' water, and t.he -'-

pressure redu.cinc Talve vas regalat.e4 so that th.e 1teaa pressure gauge reacl 

110 pai,:. fha temperature of the water leaTin« the uaporator vaa maintaiud 



a\ tlft7 d.e&I' ... ~Naui, lJ., \u acl41Uon ot a,na \o the hea, uehupr. 

Wh.ea eff.Ulll\ri• coll41'1ona were a\taine4, the toU.evinc: nading1 vae n-

eorcle4& ooa4eaae preen.re, a\eaa pnaav.r•• baroaelric preaau.re, teapera-

\urea of \he waler eaier1ac aD4 l•nnc \he napora\or, rooa $aperatu.re. 

\eapen.w.re ot tlle tlaac• on \he tO'IJJ" laeb. elbow. cb.illed.. waler now, au. 
t.he ,111 •• .llao. \ha re1a,1n ,aperatv•• ot \he 411':tuaer were de\el'lliatMl 

\7 feeliac ,u ftl'ioua 1eo'1ou, eapeoial.17 a\ "'• tuoa,. SillilaJ' 1"Ua 

were aad.e villi the eolMlu.aer p:reaave at 1.7. 1.4, ad l.O 1aehea of 

11ercu17 abaolw.le. The ui \ •• opera\ed a\ leas\ •• 1tlau\ea after eqai• 

llbrl'aa cos41\1ons vere ee,a~1the4 before readinp were \akea. flleae teals 

were npee\ed vi\h \he nossle in elnen o'1ler poa1'1oaa, raagin,; fl'OII 

\hlrt.eu a.ad. one-qua.ner iaoll•• ,o •b:\eea &114 ou-11.X\eeatJI. ia••• 
f ••'• wen Md• a\ oa• an.4 \wo 11umea condeuer preaeun w1 tJa. ., ... 

pl"ffftl'ea nactnc troa \Jt.in7-tl n P•ic \o one-h'lul4nd. aJMi f OJ.'17 pale w!lile 

the aosal• exU vu fit\ea ud oae-quarier 1st.ahH froa \he back flM«r•• A 

••' ot \ea\• waa also made vl\h the chllla4 wa\er \•pen.'1.1.re Yar,yiac tna 
4/lo 1 '° 10° "• llhll• \he ., ... pn••v• vaa oae-!maclred and \en pale, u4 

the colld.euer pnaav.n ou laGll HJ>GU.17. 

••• lb.a abo•• '••'• wan caple\ed.. \he., ... preen.re cec• vaa ap1a 

oal.tbrated. ad. vaa fov.n4 to ha•• a ooa1laa\ nep\lft ·•nor ot ninelea p1l. 

!he g~• wu oorrened and tea\a :repealed for awu d.lfferent aoszle po-

al tio•• a\ oae uura aa4 lvo 1a••• co!Mleaffl' pnsn.re, wl\a \he ,, ... 

pruaun a\ llO pate. A •-' of nna was 1184.e w1'11 t.he ohilled-wa\8" 

leapaa\ure ftJ7'1JtC froa 440 7 \o fr! 'I while \he ooadenaer preanre - \wo 



in••• aerft!'T • u4 th• no sale exU was fit\ea and one quaner iacb.••• 

Ad41\1oul. teats were na for \he unU opera\1ng 11nd.e:r ditferen.\ s\ua 

pr•••v.r••• !he aaxlllWI deaa prunre anllable vu 140 pdc. 
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DA!A AID RESULTS 

!able l 

VaJ"1'1ng leek PrMauna at; Di.tt•nn.\ llossl.e r1011\1ou 

lossle Pos1'1on lJt bchee 

Coad. Ban. Tap. ,.,. tap. Teap. sua. Con. S\11. ..-,. a.1. , ___ n~• PJ'eaa. rrea,. n.ow • m• Bdc· B,D0out H30°J-la as;-la. Ba• In. He· ... 'I Op P•l.c pale ota toa Coaatau• 
a&.20 
36.30 

26.50 
36.50 

aa.eo 
21.eo 

-;fl. 00 
21.z 

28.32 6"10 68.5 90 lo? 110 91 l."2 
a..2,2 f.L'1 fid. 90 110 110 91 la.ti 

65.5 1.42 .:rt 

zs.22 s,.o 58.8 90 110 uo 91 1.42 
.as • .aa &Z BJ.. 90 110 110 91 1Ji 

56.9 ea.a 1.42 .&a 

28 • .22 50.0 86 106 lll 92 1.42 
:ae.22 JgaQ .a.a 88 104 lll 92 ..a 

50.0 &3.a 1 • .a 1.37 

2a.22 50.0 53.5 89 10& lU 9.2 l.42 
33.22: .AQJ.. &I. 89 106 Ul 92 

50.l 53.? 1.42 1.eo 

•!be tla11€• a\ t.be throa\ of the d.1ti'llaa la used u a reference poial for the 0014 spot. 
A (-) tndica'h•s the a.111,anee froa the throal oa \he lov preasa.re end of the dltf\laer and. 
a (,f) ref&n to a point on. the h1gh preemre e.d. 

--.... 
lf'UII 
1f'alll 

Colcl-3 
to14-2 

Ool,l.a 
eo1tt1a 



'fal»l• l ooa\tmaed. 

Var.7111g JaoJc Prea•1&N• a, J)1fferenl lossle Poal'10Jl9 

•ossle Pod,t.on l?i-a/4 inohH 

Coat. kn. !eap. 'leap. ,..,. lfeap. ,, .. Corr. s,a. ~--, .... 1.4c. B;fJ at BaQ la .... ft.-«• Pre••• ,.. .... J'low 
h. le• la. I«• o, ., . ., .., Pde P•ic .,. 
M.M al.13 61.9 a.a •• 112 110 t1 1.u 
21.u 21.13 IL1. ti.a •• p.a 110 91 Ji.Ji ea.o 63.t 1.4.1 

at.&a aa.ss 57.0 ••• 80 114 110 91 1.42 
H.13 31.33 .fL.2 ff 11 112 110 91 ..... 

57.0 - 1.u .... 28.33 10.0 53.3 85 100 110 11 1.42 
as.t& aa.aa 1Q.A 1W. 815 98 110 tl ... 

50.0 53.2 1.42 

27.M ae.u 50.0 53.t 81 100 110 91 1.42 
27.M 28.33 fQ.J2. HJ aa 98 110 91 1Ji 

50.0 - 53.9 l.42 

a. .. • •• eo-..,. ... 
... 0 
.... 0 

.u 
Wana 0 • 1fUII 0 

.IO t 
Cool-I 

1.42 

Coo1'2 
CooJ.i'l 

1.,1 



table 1 eoa,lau& 
V&17lng BaAlk Pre1eve1 al Df.tfena\ Jroall• l'oa1'1ou 

lossl.• Pes1\1oa 14 lnaee 

Coll4. Jani. Teap. ,..,. tap. ,..,. Sta. Corr. Sta. f./.ll&t. Ii.B. 
Taaa.u . Jlq. H2i 011., •~ta looa 11rc- l'rNa. J1ow t!l)o eo ... , • 
111. Jig. In. Ilg. 1 ., o., , palg P•lc ton 

21.00 ff.ff 83.7 M.8 19 110 111 92 1.43 wana O 
16.00 2'.17 iL1 1W. 99 112 110 91 ...s 

13.7 .... 1.42 .a 
28.30 2'7.ff se.2 SP.8 99 lot 110 91 1.42 
21.30 ,,_.., IL1 JZJ. 99 110 110 91 1Jl Cool-

!51.2 s,., 1.42 •• t 
aa.10 27.97 80.0 83.1 " 112 112 93 1.42 Goo1 0 
21.60 ff.ff ti ti 100 101 112 93 

1.42 1.aa 
27.00 :n.n 10.0 13.l 101 108 110 91 1.42 Oo14 0 n.oo - m.,, &..Q. HaQ. 101 - 110 91 1Jl 

50.0 n.o 1.42 1.aa 



fable l ooa,1 .. 

fU7111C llaok Pnalllll"H a\ DUter•al Jossl• Poal\10&1 

loasle roa1,1a l+-3/8 1aobff 

Coa4. llal'II. Ttap. tap. tap. ,..,. Sa. Oon. S\a. ~,. , .... .... •:Po•• -.O:'.• ... Jllac• , ...... Pr•••• now 
la. lie• la. Jfc• , Oj .,, .,, P•le pat,e eta 

21.3) 38.18 62.0 83.3 91 110 110 91 1.42 
2a.ao 28.18 AU SJ 91 110 110 91 1Ji 

12.0 13.3 1.42 

26.50 28.18 54.8 51.4 93 108 110 tl 1.42 
ae.10 as.le .IIJ &J. 93 108 110 91 1Ji 

51.0 56.I - -- 1.42 

aa.ao a.is 50.0 12., ta 103 110 91 1.42 
H.80 ae.1a &1 JLl 91 100 uo 91 1Jl eo.1 62.1 1.42 

2?.20 28.J.8 50.1 M.8 91 k 110 tl 1.42 
21.ao 28.18 .IQaQ BJ. 91 92 110 91 wa ao.1 64.& 1.42 

ll.ll. 
• IJO. C••••• , .. 

Cool-? 

•• 
Ceol-f t 

.eo f 

1.11 Oold,-6 

l.H 0olfl 0 



fable l cont1nu.e4 

Y&J'Tlnc Jaek Preeeu.n• a\ Different Bozzle Po11tiou 

•••1• Pod\1on 14-3/4 lnehee 

Coad. »ara. 'leap. 'fap. 'rap. !lap. Su. Corr. S\a. Q)umt. 
Van.mt Rq. Jla()0 out HaO la looa n:;c- Pres•• now 
la. Be. la. lie• r °7 o., pd.a pd.c et• 

21.11 28.13 16.5 aa.o 91 112 110 91 l.42 
26.13 28.13 .IL1 .liJ. 91 112 110 91 lJi 

66.8 ea.a 1.42 

26.43 28.13 61.0 83.8 91 112 110 91 1.42 
26.43 28.13 a& ta.I· 91 112 110 91 la.ti 

61.0 13.3 1.42 

26.?8 28.14 50.8 63.2 11 106 110 91 1.42 aa.,a 28.14 IQJ. IL.l 91 106 uo 91 lJl 
50.8 u.a 1.u 

31.19 aa.1• 50.1 63.4 87 103 110 91 1 • .a 
ff.la 28.14 &.i aJ. 87 103 110 91 1Ji 

80.3 53.I 1.42 

R.X.o 
a 150 Comsea\1 
\cm. 

Cool 0 
Cool O •• 
Cold,.f ' Col.4-? 

.68 t 
Ooldi-9 
OolA-7 

1.01 

Ool6-1 
Cold-1 

1.4' 



fable 1 0011\lma.d. 

la.171nc »a.Gk PressUNJa at Dltterea\ llo11le Poa1\1oaa 

loss.le Poaitioa 15-1/8 1aabea 

Coad. »am. 'fflll1}. !map. T~. -reap. Stra. Corr. S\m. ~,. 
f&n.Ua R4c. aaa.ou, 1:Jl 1a ... J'ltftee Pnaa • Presa. now 
l&· Jlc. 111. lg. 1 o,. 07 •1 Pde P•Sc .,. 

~ 

a&.ao :t'l.82 u.o N.8 104 120 uo 91 1.42 
26.80 27.82 Sa2 .Hal. 104 122 110 11 lJi 

63.0 ... , 1.42 
-

21.10 a?.8.a ISi.& 18.6 102 - 110 91 1.42 
36.10 27.82 Mal J.L.l 103 - llO 91 laJi 

66.5 &a.a 1.u 
aa.40 ff.82 s.a.o 64.S 10a 105 110 91 1.43 
26.40 27.12 l1r.t.Q. . Hal 103 108 uo 91 1Ji 

51.6 M.O 1.u 
aa.ao 27.82 50.0 M.4 103 93 110 91 1.42 
21.80 21.aa 19.t.Q JiJ. 10a 98 110 91 1di 

50.0 54 ... 1.,2 

Ii.J:. • -,o Co•••• , .. 
Cool-7 

•• 
f 

Cool-f .,. """' .f/ 

Qool O 

1.11 

1.91 



1'al4• 1 ooaU.aed. 

fU7i11C Back Preaave• at Dlfferea\ Houle 

Soule Pod\loa last, laeea 

Coa4. lSana. Tap. temp. T•P• feap. St.a. Corr. S\111. ....uaat.. a.•·o 
Yacnma ll4C. H,20 011.\ Ha() la Fl~ Preea. J'lov •ea eo--.,, 
ln. He• 1n. ac. . ., . ., ., p1lg P•f.c .,. ,_ 
26.24 28.32 51.4 &a.4 91 106 110 91 1.42 Ool .... 
26.22 38.22 liaQ. 91 107 uo 91 lJl 

51.7 aa., 1.u ·" 
26.50 aa.aa 60.1 53.l 90 10, 110 91 1.42 Cool O 
26.52 a.a.a &i 1W 90 10, 110 91 1..ta Ooel 0 

80.1 53.1 1.42 1.33 

i r 
. 

ae.e2 21.22 50.0 54.6 90 101 uo n 1.43 C.14-1 
26.82 aa.aa .lla.Q. .HJ 90 104 110 91 1.Ji Col6-1 

50.0 "·' l.i&.2 1.99 

21.2a ae • .aa (50.0 M.7 93 93 uo 91 1.u Oolcl-0 
a? • .32 ae.aa aJl. Jita.f. 93 92 110 91 1Ji Colci-0 

50.0 54-.7 1 • .u 2.21 



fable l ... uau4 

laJ7lac laOk J>reasan1 a, J>1fter•I lodl• 

loslle Poal\loa 11-5/16 laebu 

C..f.. 1&,a. 'fap. ,..,. lap. teap. sua. Cott ..... '--'· ,-~ •etc- la() nt Ba()-!-11 .... n,..- Pr•••• ,,. .... now 
la. Dg. Ia. Bg. ol' ., .., pale pale d• 

26.?G 27.74 m.o r,.o ff 101 ua ta 1.•2 
25.76 21., .. AU IL.I 915 107 lU ti lJl 

54.8 H.? 1.42 

21.10 ff.?4 50.1 u.1 94 104 1U 13 1.41 
a.10 21.,. .12,Jl 

50.l 
ti 103 lU ti t=M 

ae.M at.?4 50.0 "·' M 10a 110 n 1.,2 
a&.14 -:r,.,. m.J. 1W 915 98 111 91 1JI 50.0 M.4 1.42 

21.,. Z'l.74 50.3 11.a H 88 uo 91 1.42 21.,a 21.,. &.a It.I 94 81 111 ta lJI :so.a 1 • .a 

l.L 0 . ., Onllat• , .. 
Col6-I 

. .,. 
I 

c.i .. , 
1.M f 

0o1 ... , 
1.11 

kl"l 
Celt/,1 

2.1, 



'fable 1 eoa\l-..4 

T&17tnc JaeJc PN•avea a, Dtt'ter•a• Jfo111J.e Poal\ieaa 

lo•al• Poe1\1oa lt,,.f/16 lacbu 

ORA. 1-nt. ,..,. tap. fap. Tap. S\a. Corr. Sia. ~,. ,,...,.. -· •a0 ... , •a04- as;- J'l~ Pne1. Pl"flt. now 
la. lfc. la. Be. 7 Pile pate .,. 
21.,a :rr.n N.G 58.3 102 104 llJ 93 1.4..a n.,a 27.?8 .H& iL1 103 109 110 91 ua. rsa.a 58.0 1.42 

2'.10 27.78 50.3 53.0 102 106 108 19 1.42 
21.10 a,.,a &J. Mal 102 115 110 11 lJi oo.a U.8 1.42 

26.40 27.78 50.0 53.5 103 114 110 91 1.42 
26.40 27.?8 .&..Q BJ 103 113 110 tl. 1Ji 

50.0 U.4 1.43 

26.80 2'.'8 50.0 54,.3 103 N 110 fl 1.42 
31.ao ff.71 1Q,,Q .ltd 102 18 110 91 la.ii 

50.0 M.4 1.42 

1.:a.o 
• 10 0-..... ,. ,_ 

0.01-• 
0001-, 

·" eooi-, 
0 .. 1-• 

l.lO f 
Gel.,.. 
c.14-4 

1.11. 

o.J.6-l 
Cold 0 

1.11 



Tabl• 1 ooaH,ne4 

lar,t.nc »aoJI: Pnaaun• al l>ltt•r••• loawl• Potlltou 

114>•11• Fea1\1oa l&-5/8 l••• 
Cea4.. llaa. feap. ,..,. ,..,. .... Sa. Con. Sb. G.lt,aa\. , ...... . ... JI o.;-, JI O Sa Bog; 11~• PH••• l'n••• Jlow 
ta. JI&. la. a,. •• Pale P•lc .,. 
a.a> ••• •. , at.3 aa 108 110 91 1.u 
at.a> ••• tL1 ILi 82 109 110 93 1JI ,,., •• o 1.,2 

••• • •• eo.o A.I 82 10, 110 9J 1 • .u 
M.N aa.a s..Q. AJ. 82 107 110 93 l..tl so.o Q.6 1.42 

M.81 28.26 sa.a M.4 aa 102 110 93 1.42 
ae.ae 28.34 a..a .HJ. 82 98 110 93 l,.ii. 

52.1 M.3 1..-&2 

2?.2' ••• 00.1 M.O 83 ta 110 93 1.43 
27.26 .38.38 ti BJ. 82 88 110 93 ..a 

14.0 1.42 

·-~ . • fJO CoaMa,1 ,_ 
.... 

.30 

Oool•f 

.80 f 
o.1 .... 
Col.,_1 

.ft 

Ool.4/,2 
Oelt(-1) 

1.,1 



!&'bl• 1 .. ,, .... 

'fU71DC Je.ek Presnr•• at .Dltter•at •••sl• Po•1\1ou 

lossle Po•l\iea le-1/16 i•ehe• 

0..4. lal'II. tap. ftlll,P. !ap. , ..... ,, .. Cow. Sta. Qua\. ,. .... aq. Ba().011, H:a()•l• .... J'l.~• l'n••· Pr••·· now 
Ia. a,. In. Hg. r ' •• Pile pa1.g ct• 

36.22 28.23 a.o ,o.o 81 108 110 tl 1.42 
2&.:22 a.aa a& m,.Q. 86 109 110 91 1.41 

1 69.0 70.0 1.42 

••• . aa.u 63.5 u.o 84 107 110 91 1.43 
21.&5 aa.n SJ IL1 84 10, 110 91 1Ji 

61.6 e.o 1.42 

36.82 aa.n fl0.4 12.4 aa " 110 91 1.42: 
36.82 28.33 a.a -~!i 83 ff 110 91 1Jl eo., 1.42 

21.22 28.U 50.0 53.3 82 89 110 91 1.42 
a.aa 38.23 BJ. 83 88 110 91. !Ji so. &3.4 1.,2 

a.:a. . .,. o. ..... 
,oa 

eeo1-, 
Cool.-, 

.32 

Cool-I 
Oeol-4 

.G. 
• ' Colt-a 

Col6o-2 .. , 
o.l.~1 
Ma,(1 

1.42 
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ttabl• 2 

Ya.171nc llacdt Preaeuna al Dlffennt Jrossle Poei\iou 

losll.• Pos111on 13.i S.aab.ea 

Coad.. llaa. Temp. tap. ,-,. !eap. Sia. Gen. fta. ~,. a.-.. ,....,. Jldg. 
120 -· BaO la :aooa JJ.aace Pre••• Pr•••• now •ao eo .... ,. 

la. lie• ln. le• ., .. •:r ., pe1c P~C eta ioa 

26.68 2'.68 52.9 k.O 93 108 110 110 1.43 .-., Oool. .... 37.88 50.0 54.4 92 100 110 110 1.42 l.N Cold. 0 

•••Ill• Poa1,1oa 14 in.ob.•• 
f 

26.0 ff.ff sa.s 64.1 98 10& 110 110 1.42 .48 Coctl :n.o ff.H 50.'i u.o 98 90 110 110 1.42 l.115 Col..,. ; 
lossl.e Po1U.1oa 1-ft inob.•• 

aa.a a?.68 56.5 57.6 90 102 uo 110 1.42 .40 Wa,a 
at .. 68 ':11.68 53.0 53.I 90 105 110 110 1.42 .n Col\lf4 
loall.• l"oai\ioa l&-1/lt. 11tob.H 

26.82 'Z'l.ea 57.0 58.i 91 105 110 110 1.42 .641 Cool 
aa.12 27 .. 8~ 51.0 M.& 91 109 110 110 1.42 l.6' Colct.f8 

•••11• Poat,ioa lat 
36.83 'Z'l.a.a 00 M.4 95 112 llO 110 1.42 l.9& Col.4-T a.aa ;n.a.a 150.4 55.3 94 . 76 110 110 1.42 2.1, Col~ 



!abl• 2 eoatlmlM 

V&J"1lnc 'laa PPeatnd"8• al D1tter•• lfoaal• Po•U1ona 

Coad. Bara. !ap. Yap. tap. hap. SUI. Ooff. S'8. Qiaaa,. Jl .... , ..... a4e. HaO n\ 1130 la aor nrc- Preas. Presa. now @IO C.IIUIII• 
ln. Be. Ia. Jlc• ., o, , , pd,: ~ic .,. , .. 
•••al• felt\loa lit 1uhn 

a.ea r,.aa u.a 64.4 90 101 110 110 1.43 ·" C•ol 
ae.aa 27.82 50.1 M.,5 90 101 110 uo l.42 1.,1 Cel4',4 

lead.e .Poalli•a 11-1/1 la ... •. ,. '¥1.14 aa.o M.a 103 ff uo uo 1.42 .u Cool-? ae.•• a,.,. 50.0 53.0 13 93 110 110 1.43 1.aa 0.14/-1 ' 



Coa4. Bara. Temp. , .... , .... lq. ll.a00 ou\ lb10 P-
ta. ·•· la., lie• 1 ., 

!aide 3 

Var,-iac ,, ... PreaRI"•• 

feap. Teap. Sta. Con-. Sta. 
•r nee• t'reaa. fre••• 

1 , P•lc P•lc 
hall• r-oat \1011 15¼ taah .. , .iMlk PNal'llN l t.ae le• 

21.8 17.78 60.0 u.o 101 90 uo 91 ••• 2'1.'8 ti0.1 61.l 101 •• 125 106 
26.8 ff.ft 50.0 51.0 101 105 130 lll ••• 2'.18 60.0 55.0 " lCH ts ff 
ae.a r,.,a 50.0 n.o ,, ta 80 al 
a.a 3'.?8 150.1 e.o ff 90 615 46 ••• 27.?8 50.0 ea.a h 88 50 a ••• ff.ft 58.1 eo.o N 88 3S 16 

11.0 2',93 50.0 54.8 93 ?8 llO 131 n.o 21.n 50.0 55.0 93 79 ,. 56 m-.o 2"1.ta ao.a 50.0 ta 80 60 4.1 
IP.O Zl.ta 50.0 62.2 93 81 40 21 

H.1 'Z'f.82 50.1 56.0 94 84 140 140 
26.I :n.12 !I0.-4 55.3 94 '16 110 110 

~-- a.••o now fi IO c. ... ,. 
ef• ,oa 

1.43 a.a Ool4 0, 
1.42 2.ai c.140 
l.4~ .a.a Co14/-2 
l.4a 2.32 Col.6-3 
1.42 2.22 c.i.-a 
1.43 2.1, Colfl-3 
1.42 1.31 C.lt-4 

I 

i 
1.42 •• C•ol•T 

1.42 2.1a 0o14'1 
1.42 a.22 eou-a 
1.•a a.u c.J.4-? 
l.42 .ta Oolct-f 

1.42 ~.17 0e1..«1a 
1.42 2.1, Col6f4 



au,. Jani. tap. ,..,. 
VMIIUII ll4c. laO Oil\ B,!J 1a 
la. Jlc. Ja. le· ., ., 

Taltle I ••llau4 

fU711tC a, ... PreaRl'N 

hap. , ... s-. Con.••• 
loOll 11~ ,,. .... Pr••·· .. P9l& P•lc 

•••al.• Poa1,1oa lfit t.aClbu. la* PreatMI'• a 111• .. le• 
21.0 ff.ff 50.0 54.1 93 110 1eo lal. 
a.o ff.ti 50.0 M.1 ,a uo 118 UI 
ae.o 2'.91 50.0 68.I ta ua la:> 101 
31.0 ff.ti 10.0 u.a ,a ua uo fl 
H.O. 2,.,1 57.0 51.0 ,a ua 100 11 
ae.o 21.,1 sc.o 52.8 ta 11.a 118 " aa.o ff.ti 50.0 5'.3 ta 111 1• 110 
as.o ff.ti eo.o .... 12 111 140 111 

81.8 2?.12 so.o 5£.0 98 11J 137 laP 
31.8 .27.82 50.0 CM.., 91 112 110 110 

..-. LL 
J'l.ow • •• . ..... ,. eta ,_ 

1.4.3 3.0 Coel-Y 
1.u 1.aa Col6-f 
1.u 1.61 o.1-, 
1.42 o.tf 0.1-t 
1.42 .,. OooW 
1.43 l.U coo1-, 
1 • .u l.ll. Ool.4-T 

• ' 1.u l.N Cel...., 

1 • ..a 2.32 Celt-f 
1.42 1.N Oold.-T 



!aU• 4 

YaJ71.nc Ohl11u.-Valel' haperaw.re• 

Ca.4. Jam. \'esp. 'leap. tap. f••P• S'\a •. Oorr. i,ol&Jl\. n.:a •• 
Taou.u B.4'. K;fJ "' B;IJla 1-oa Jl~ Preaa. Pr•••• now • DO c .... ,. 
la. Be• la. le• ., .,, .,, ., pale P•ic , .. 
••u.• Peal\lon 15¼ laah••• Jaelc PretaN a ta••• Jfc. 
21.12 'Zl.12 40 43.8 915 108 110 110 1.42 1.68 Oolct-7 
25.82 z,.aa 60 54.4 91 112 110 110 1.,a -1.91 0.16-7 ~.ea 21.12 55 so.o 14 113 110 110 1.42 2.32 Colcl-f 
25.82 27 .82 60.? ,,.o 14 114 110 110 1.42 a.ff Oel.4-f 
26.82 21.a.a 66.4 ?3.2 94 114 110 110 1.42 3.41 Cool-I t 
21.83 '11'1.aa 10.s 80.0 94 112 110 110 1.42 .... : CNl-3 26.ea 27.82 75.0 .,.o 94 l.04 llO 110 1.42 4.87 ceo1-a ' 











Yll 

J>lSCUSSIO• 

th.la u1, wu ctea1,u4 \e pncbloe fln \oaa of refJ'i&erattoa. •' U... 

aulaa ob\a1ned d:llrl»c \he teal• •' Ule dedped COAd.lUoaa waa 1.95 '-•• 

fill• iapalnua, of \he perfo1"118aee OO"tll4 be aUrlllated. \o Jlll'D1' taoton, a1l4 

•• \1ae was ape\ ia aUeaptiag \o d.•t•nd.a• the taoto:ra respoulbl• fOI" 

the 4.eer-.aecl pertonaaoe of tlte u.1'. n l• bellffed, howffer, \ha\ tu 

aaftlled ditflleer eftiot•q ot affat,-fl•• per cent was too hlch for• ult 

ot thla alH an4 cona,ra.otion. 

A wrtac _,. of \veu:,-tov.r ta••• wa, Meeaaa17 1a aach1n1DC the b-

al4e ftJ'faee of tile 41ftaaer anci the preferred IIIOO\lmeH of \he ll'U'faoe waa 

1111&\talultl• du to the 1"1'bn.tlon of the oatuac tool. !he aamfao\tLNcl 

dJ.tfll••• tor vlaia th••• reooue4e4 ett1c1eac1•• apply, a4ov.btedl.7 la.aft a 

av.a uoo\ltar surtaoe thu. could be ob\ained. b.r lnexperlaoe4 aaohinlata 1a 

the labora\e17 ahop. Aa \he TelocU7 at the throat aeotioa •• 1555 tee\ 

per second., the roqbnffe ot the avtace teJIUd to in.er••• \he iateraal. 

trlction, vb.lea should ha.Te lMlen accowited tor 'b7 the uauaptioa ot a lower 

41tfuaer etficlenq. 

1' •-• lc,gloal \ha\ \he ett1o1eac7 ol a eaall lllli\ ahftld be lua 

\haa th.al of larger uai'\s, aiace \he ra,to of \b.e oiroafer•o• " \lle croaa 

••ettoaal area la lncreued. •• the ain 4MI'••••• fte recoaaad.&tiou of 

the Tarlous eo.pUS.•• pro'babl.7 are -4• with retereaoe to ui\a larcer \laaa 

the oae l:11111 \, beeaaee U wu fnad. fl'OII ..-tae\ver• a catalo,:a.ea tllat 

v.nita of leea than ao-toa oapael\7 an aeldoa ooa1trucle4. 

Prooedlac Oil thla bub. oalculaUoaa w•r• ll&de tollovlac \lle ••• 



4Hlcll ,,......_ '-' viii\ 4lff ..... t dflol..S.• ••--. M ae,...sae te 

· 111111d m•t Ille ..,_..,. wo1114 • att .. ,e& 1lr \lie ........ ta 41.ftll.•• 

ettict•OT• a. qu1u,. of \he,, ... -.. .U.aeown4 • et•• 
\U'Ot\lhc lale..,_.o \e k aS.et,-tlff ,- oat. Ila• tile IUJ.117 vu 

....... ,. k alae'7-alae uA n .... ,.uaa ,- Nd t•• u... , .. 1-. •• ..i-

..ia,1•• "" u4e tor ataetr-fl.N per c:•• ...i.tv ,teu.. •• tollMdac 
hltl• allow• Ille rewJ.\a ot· 111. ... aa1..ia,1oaa. 

.,,.._ . ,,. ..• .... &Jtllla .,..,.. ..... 
wno1...,. atftet...,. Qu,11 .. 1, .... \Olalltt' ..... .,. ,. • •• 1 ... Id '·" ,. .. •• 1.• ,. .... ,. .. ·- J..tl , .. a.ti - • •• a.a, - a.111 - -- - a.a - a.a 

·• • •• a.oo • a.to 

...... ....._ 41ffun dftd...S.N an ao\ .... 11217 low slao• •alw 
u lev u •lnl' pe .... wn n--aate4 la Ille lllths, Jldl&MIM. at 
tar 111411!•11 ltUI (a). 

!Jae ....,...,._.. lllt.ttll wn .....u..i a, Ille Alllett et Ill• .... 

••-lac U.. 4lnaa. \o Mle eoa4ea• WlalM '-' '1t.• lo .. ta Ulla Helha 

..,. appretllaltl .. •tue U.· Pftff8N• eoneapoaAtac \o U.. ffllP•ahne na4 

MN la all ...... !&~ Ula Ule oaea la \Ile ...... r. !lie l•i,t•ab.N 



of tb.e \wo tlaec•• for \!le a1pple wae at a ldp.a l•perat.ure Ula , ... pipe 

on e1t.ller aicle of ,he fiaagea. fl11a 1• l>el1eTecl \o h&Te ltea d:ae t.o ,ae 1a-

creaae4 t.vlMl•ce a\ \he fla&• Joh\s. 

l\ b poHil>le \hat aore aeal vaa p1ae4 froa \be a\aoap!lere t.haa waa 

aocov.a\ecl for 'bJ \he \a nu per ,on per ainu.\e 1at..rocmoe4 1a \he 4ui&a '8 

aooo,mt. tor \he•• lo••••• lnl\ calcala\iou of a heat. l)alace oa \he ul\ 

ahowed. \ha\ \hb waa reaaona\le. the aaoa\ ot TapOJ' napora\e4 

waa 4e\eJ'111ne4 • caloulaU.JIC the YOlue of wa\er reaoTed froa \lle \aak for 

a gl••n period of ,s.ae. !he 1a\enal load Um.a clet.en1ae4 ahect..S. Ter, 

cloaaJ.T wllll \he u\enal load.. 

'file vat.er waa no\ 'brok• up 1a\o aa tine pan1cl.ea"' \he apn, p1,e aa 

were .xpecnecl., ao a aet of alx llllttalo apr-q aoasl ea waa use4 IO \ha' \M 

etfec\ of a 'be\\er aprq could be de\erained. !he uaU waa alao ope:ra\e4 

w1Ul \he wa\er clhchaJ'ced. ia\o the \ank v1'hout. a apn, aoule. The dltfel'-

eace 1D the renlta for '11•11• t.hne coad1'1oae was a.egl1ci'ble. 

Al\hft&b. the d.a\a ud cane• tor \he 'fal'1'1DC aoaale al 

niae\7'-one P•i& are included. ,o ahov \he geaeral ahape of \ha cunea, \ae 

cla\a of aoa\ a1p1f1oaace vu t.ha\ oltt.ailled at the aol'llal operaUnc coa-

41 Uou of ou Jm.n41"ed. and tea p•lc ,, ... preHve, aa4 1ivo inch•• baolt 

predure. la Uie GUftll (11prea a an4 3) U 11 ah.on that. b7 alipl ollu&•• 
1a t.he aossle pea1'1oa, \he pertorau.ce ot \u a11i was ao\ioea'bl7 atteoled.. 

The moat. ettec\1•• poa1Uon •••d \o be f1t1ieea aa4 on• quaner 1aab.ea, 

which was Tff7 eloae '° tb.e cal.Clll.a\ecl poaUioa of tUt.•• laoh••• B7 • ._ 

lac t.he nossl.e a fractloa of aa bulb la eU.b.er cllreot.loa, u apprec1aUe 



41fterenoe la \he renlt• vu o'b1e"94. lftlen \he nossl• po1U1cla was 

1"1tteea aacl one qua:r\er laahea, Bild \he a\eaa preature one Jm.ndrecl aD4 ou 

pale, eapaei\7 vu l.95 to••• n, \7 aonac the aoasle a qllan•r of • lllM 

el\hel' wq, \he oapaet\7 vaa reduced la7 approxiut.el7 Acoordlllc 

t.o Va\ao••• experillea\a aaxtna re1\ll\1 were obtaiaed. at onl.7 ou poaU1oa 

of the aoasl•• Stace the eal.cw.a\ecl aossl• poaU1oa wu fifteen tacb••• 

,h••• nau.lt.• coDton vUh the •••••••• aa4• 'b,y aaautaotvera \ha\ \lut 

aoaal• poattioa 1• de\eniae4 aper1aeat.al.17 aner t.ae wdt.a an bull\. 

CJuutclnc \he steaa pnaaure with a \wo-lnc:1\ eoadnael' preaave Jiu. a 

det1A1,e atteo\ 11.poa the perlonaace (11pn 4). !he oapac1'7 vaa 1acnaae4 

froa alto•• 1.e lona at one hlmd.red. aad \ea pa~ \o a.as t.0111 at oae.Juua4re4 

one hutlred. aa4 \en pa1g1 t.he perfonu.ee w.a greaU7 atfeo\ed., aad at 

pertonuoe ot the ult was defial\ely 1apalred 'b,y lowertnc t.he ., ... preaa-

ure below deelped. coa41\1ona, •4 a aaall tacrea•• ta oapaoU7 was etfN\ec1. 

b7 rat11nc \he ateaa ·preen.re. 

The lower \he ohllled. water \eaperat.un, \he l••• wae the ntncvat.loa 

(11C11r• &), \eoau•• \hen 1• a percep,1'ble on.ace 1a \he ..-olue of 

at•• Yapor at. thia low pre1nn alld. lov t.•pera\ve raage. 1or lulaaoe, 

the apeo1t1o TOl'CUN tor ,a,u.n\e4 a,eaa at tlt\7 4ecr••• .fahreallleit 1• 1703 , 

greM J'ahrnhelt. • .A.a \he t.1111peratve lacreaaect, U.erefon, t.he weight ot 

'11• Yapor raoY-4 waa aorreapond1acl7 lacreuecl, al\hn,ll the Yol ... NaoYe4 



aickl ha•• 'be• oltaapcl •err llUle. 

lf \lie \IIIJ)er&h.n vaa deonued. \o Wn,-.,wo clegre••• \lie waler la 

the tau wa• slowl.7 froaen. aa \Ila lalea\ heat. of fllaloa vu reaoYed.. ft.la 

treealag waa not 1u,aa\u.en1 d:ae ,o Uae oons\aa\ aneao\ of Qe wa,er, 

ud th• 1aatalla\1oa vu aot eadagend. J'r••lhc ••••4 to beet• at Ute 

n.rtace of the water, aad. wa1 con\imed d.owavf.11'4 aa · the aea\ of tu.s1oa vaa 

reaoYe4. 01rClll.a11oa vaa no\ s\opped. 'beeause hole• were aelted ia the ice 

'by' Ula •PJ'a7• a:ad va\er oon\lmed. to be ctraulated. 

:ror of \he te1t1, a chilled-water 'hapera.\ve of fif\7 deer••• 
oo-.14. n.o, be a\\ained beoa.use there vu al'Wa7e aoa• hea\ plaked. up la pue-

lac \hrouc)t. \he he&\ exchanger an4 the wa\er pip••• Ia \heae caa••• •• 

equiftJ.ea\ nf1"141era\1on eftec\ a\ ti!\7 d.egr••• vae oMalned. l,7 'Ilse of the 

CUl'ff tor refr1gera'1oa eapao1'7 ••r1u1 chUled.•vater \apera\UJ'ea (fipre 6). 

Al\houch 1\ vu no\ \he priM17 ol,Jeo, of \he 1ffe8'lcattoa \o d.e\er1111a• 

\he etteo\a of 'Yal71JIC 'baok preanr••• \es,, wen Nn al oa• ladl 1taOk 

preeaure tor 8'•• preanzea aad for aossle poaUioaa. fhe oapao1'7 of Ut.e 

ult a, oa• b.ot& waa not Yitlbl7 altered (JiC'lN •> 'bT ohucinc \he ,, ... 

preaauN froa au,7 pslc \o on• hllad."4 aad to,.,7 p11c, 'IN.\•• deflaU-17 

1apa1recl whea u,e preeni-e tell below for\7 P•lc• fterefeN, lh• aoa\ et-

tloba\ !'MC• et a\eaa pnaftl"ea vJ\h •• 1.aoh \lau preHure ••••cl lo be 

fr• tari7 paig lo alxl7 pale. J'or ,at, preanre rage, Ille coldeal spet • 

the cllffuel' vu a, the n,J'Uoe enct.. vh1• 1nclioale4 tha, ooapresdon wa.1 

ocC11rl'111« uar the 41tfl&1er lnle\. !he col4eal apot aoTet Iowan. \lie ooa-

deuer u the prealRU"e vaa laarease4. aad. at one hwad.Nd. and. lea pdc, l\ 



waa abou.t. elc)lt lUbes beyoad. tb.e throat. on \be 41Terclnc end.. Wh• •• 

baalc pres••r• wa• 4acreue4, \ke aaoa.at of nerc, J'equ.1re4 tor ooapreaain 

wae al•• redue•d. !hereton, the npon \.ell4e4 to 1M torced 1lf' \he Jdae\io 

••ra of \he e\ea \eyoacl the \hnu aecrUoa 'Nfore \he., ooiald be coa-

prea•e4. A\ oae lma4red. aJld. for\T -.,.tc \Ile aapaotl7 wl,h a \wo lSCllll b._. 

preasure wa• aeal'lT equal to t.he capao1'7 a\ one lnolt back pr••nN. •' 

thh b.1,chel' pnen.n nnce. th• perfonooe was not. iacr-.sed. 'b7 deonaelJlc 

Ute baek presa'f.U'e \o oae laoh, beoause \be oapresa1on vu aot. ocnrrinc a\ 

\he 1111.et, t.o \he cllff'llaer. I\ 1• poaatbl•• hov•••r, \ha\ wh• \he Nek 

pre .. uN 1• Gb.&Jlced.a the moat eftec\lTe nossle poal\ioll ls no\ fift.en •4 

oae quarter iaellea. !his tact 11&.a b.d.1eated. b7 the data tek• wh• tu 

nocsle va1 t.h.lrten aa4 one ctuarte:r 1aehea, in which poet.Hoa there vu a 

eoa1iderable 1aenaae 1Jl the capacitT, aad coapresaion •• ocOIU'l'inc •• tu 

threat as ht.dicated bJ' the temperature ot \he 41theer. 
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SUllMAU AID COIQLUSlOIS 

II .,.. 4•14e4 al \Jle lNtclulnc of tbe 11ff'ffi1plioa t.o \Ju.114 a ti•• 

toa un1t int\ea4 of a larger one beoauee 1a the oona\nclioa of \he fl•• ,oa 

1Llllt., \he Alltercer colld•••r tu\alled. ia \he labon\017 collld be uUl1se4. 

fhh c1ecla1oa •• aleo 'bue4 oa the tan \ha\ the ts.ae au expeue of ooa-

alnclinc a larce 11111\ wen prohi'b1'1••• the eonatrueiioa waa earrie4 O\I\ 

vi Ut. \he idea of utac, aa -.cb PN•iltle, eq;o.lpaeat aad aa\erlal aftU• 

able ta Ule labora\or.,. !he ilae •P••• ta \he actual ereotloa of ihe uU 

••• •ecllctlll• ooapaN4 lo \he ttae ooa9Ullec1 la o)\a1n1nc u4 fabricaUna 

the Ya1'1ou.e pi"" of \he ua1\. 

The obJMI of the ln:l'eai1&a,1oa prior to the prella1UJ7 '9 

o'bia1a data for 't'&rious at. ... a11 411'teren\ aosale poei\!.oaa. !hi• 

pla ••• abanc1o11ed., hovner, •• 11 wa, aacenained t.ba\ the unU did n.o\ 

opera\e a\ \he 4ee1p oou41iioaa. Coaaequeail.T, teal• were 11&4• t.o 1eell:lft 

1atona\1oa ter the oorrec\ioa ot t.h.e de11p. 

file •••t.• perfora4Mi on \he coaatru.c\e4 retr1cera\1oa nil 414. 

1v' no ••aaa• ch·• a ooaple\e ••' of pertorauce da\a for '-• uni\ open'1ac 

ucler all ft.!'7iac conditlone, 'bll\ froa the d.ala whlu vaa o'b\aine4, ihe 

a1dhore \el1ne \he following a\al•eala were au'ba\aa\laled.: 

a) fhe d.eeip. u ae\ tor\h la B. s. Kil••• thesis la TIil.id, 

and. 11 can readll.T be applied. t.o the d"lcn ot a at .... Jel 

11111', proTld.ed. that the eff1cieao1fl choeen are appropriate 

t.o the par\iwl.&1" d•• and t.ne of th• U111'. 

b) ror a designed. a\Ma preaave a.net. ltaclc pNe1Al!"41, there ie 

an open.,tnc poaUioa tor t.he •'•• noall• at wh1cb the 



---
'be•' r...i.,s are ob'61ud., u4 tbi• poalUoa _., 1te 4e-

\en1ae4 experiaealallJ'. 

o) Wl'11 Ula •sale ta \lle ••'- etfec\1•• poalliu., llll4 wt\ll 

\lie 4Hicae4 Molt pre•RN, Ute refl'lcera\1oa oap&e1'7 la 

laa-euN. w1'-ll • ia•nu• of., .. n••fV•. !Jae capaci• 

\F la NdHed. pereep\f.'17 vlt!l a red11o\S.on ot Ul• ., ... 

prea ..... 

d) Wbea "1• u.U la operaltnc a, \he d.ealped ••al.• po1U1oa. 

all4 1f '11• 'baolt pr•••11re la re4-.ced. \here lhoul.4 alao be a 

:redultoa of'••., ... prJallUJ'e tor 'll• moat etficla\ op,-

era\toa fit tile u1 ,. 

•> •• a .,...,.Jet 1• l:ru.11\, i\ ahollld be operaled a\ \lie ooa-

41Uou tor will& 1\ vaa dea1&U4. 
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UCOIIKJl'DdlOD 

A.I aa •'•••in at.1l41' ot Ute oper&ltoa of Ut.e ui\ wa• prnede4 .,. tu 

t,1ae eoa .. ect S.n Ua dealp acl oonat.n.c\1•• \here ue a\111 ...,- fanon 

r...S.aia« lo bi9 iaYeat.lpt,ed.. A eoapnu&eiYe at.U7 ot YU'loua ITP•• ot 

aprq nosal•• w1Ua cU.ttereat. rat.ea' of flow ehoald 'be aade lo ti1&4 \Ile coa-

'b1ut1oa \hat, will prodaee the aaxlau refl'tceJ"aUoa. .la h•••tlpt,toa 

aha.14 be eonduc\ed. \lfr cmuctnc \lie at- preaftN. wl\la \he aossle at 

Tal"loua po•1'1oae t.o deteniu waetller or u,ot t.hel"e la aa 1A\erao'1oa. 

1' la ea\laa\ed t.hat. due to the low 41!1'\laer eftlciea07. a proJNt 

voul.4 lM b•etao\017 vaerelq' t.ae interior a11.rtaoea voald. be •err aoo\al.7 

tlniahed, u.d. \eats ru.a t.hat \he pertol'11811ee alp\ be alleclce4. 

Ia eo11JDG\1oa wtt.h t.h1a, U 11 nc«ea\ed that a d.ithaer be oaat. ot 

clear plaa\lo, la ord.er t.hat t.he tn.t.enal proMeaea alchl be alv.d.1e4. Siaee 

the \eaperat.11.ne are low. \here woald be no danger to lh• plastic difta .. r 

tlll'CMl.&h o•erhea\lng. The plasUo diftu.ser oould. be ef a coaatn.cttoa difter-

iq t~ t.hal uaed tor \he aet.al d1ft'1laer, S.u order \ha' reaU.:Ua algb.t N ob-

tained w1\h d.tftu.aera of d.lftereat d.la•eiona. 

la te•t naa with Ya171lt& nossl• • grea, 8110Ut ot ,s.a. va1 

loat in ch&nei"C Ille poaUioa ot ill• aosllle. ud. In\ procedarea woo.14 'be 

expe41\ed ll,r \he taoorpora,1oa of a pacld.nc &lan.4 arr-anceaeat oa \he 

•••bl.7. BT ••ana ot \his iaproTeaen,. the aossle poa1Uoa ooald. 'N alta-

e4 wuhou, the r...,Tal ot the aoHle ua•bl.7. 

It. has b ... NOC>altade4 lt1' •••enl uau.fact.vers, that be\ter •lrala-

aeat ta acrh1ne4 wUh a aeat of aoaalea lib.a wit.II a •tatL• no11le. 



1' la 1\alecl llJ' •••• (21) \ha' V&e --•• ot Ule pre••' tone of 

al ..... J•' re:tr1cera,1ea an Ua.e outooae of a\aah• expel"S..e•lal. ta-
-

n•tlp.Uoa; 1\ h bellWH \Ila\ \hot• wh:o are ao\ dirmi,- eo1111.eo\e4 vUh 

a ooap11117 denloptac lhe•• 11.111\a, will '• able lo ob\ata \lua llltonaalloa 

b7 a coa11 .. 11oa ot \hla pnJ..-. 
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the •\hen wlela ,o apr••• \heir ara\1tad.e k Pl'Ofea•r J.B. J-•• 
fer ht• ualelaau la th• pro..,...., ot \Ile 8'.U1,-a, ,o &an'I' on Ut.ll 

pnJeni n Protesaor •· s. KU••• Jr.• tor hl• pld.aue and. •~•s 
ud lo •r. c. L Poacl of tile lortolll: ud v .. ,.,. la1lroa4 for Jlla ceunu 

,1n o1' \he s\eaa •••ll• tor' Ille ult. !u athora an alao cralehl ,. 

Profeaaor J.P. lla>aaq, Prote1aor C.H. tone. Mr. I.L. Wood. M4 Mr. s • .l. 
Phillipa tor t.lletl' &4Ylo• an( tlael.7 ncc••liou. fb.• aaelah!lee ot lU'. 

7. L O:rl•ao• la Ille couln.etton of lhe \Ud\ u4 the friacll7 eo.peraUoa 

of Jlr. t. a.. 9111 \h aad. Mr. v. •• Broce la h.,J.ptac \o o'bt.aia aae •t \he 

a•ce•Ul"7 1'••• p:rnale.4 JtU1' tiu ocnasinc 4elqs. Mias Bela Couen• 

••• partlA1.ul7 helpM in o'b\a1ning the aYa1la'ble 1Uerat.un oa '11.e 

n.'bJeo\. 
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