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KBSTRACT

Subcooling liquic refrigerant in & vepor ccroression refrigeration

cycle increases the systen capacity. Thne Hurpose of this thesis is to

~relate theoretical and experimentzl derformance characteristics to one

method of subcooling Refrigerant 12, the use of & licuidé-vapor heat
exchanger.

Theoretical and experimental vaiues of systen coefficient of pverforrni-

t-y

ance and horsepower Ter ton are founc 2t various evacerating oress.res for

2 gystem with anc without z lic - id-vaper heat exchanzer. The theoretical

performance of & sysicm witn &
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densing pressure of 110 psia is found for variations i.. heat exchan:zer
eﬁ:‘ectiveﬁess between C and 1.

Theoretically a liquicd-vaper heat exchenger has a negligible effect
on system coefficient of p_erfomxance &nd heorsevower fer ton. LEkxperiments
on a system with a relatively short sucticn line showed that the usze of a
liguid-vapor heat exchanger coes not increase the zystem verformance
enough to warra.t its installztion in a system for tiis reason. The sys-
ﬁen capacity is inci'easeé by installing a liguia-vepor neat exchanger.

Any future work do.e witn iiqu;‘-d—vapor neat exchzngers for the -urpose

of increasing verformance in Refrigerant 12 syster:s shoulc be linitecd to

systems with long suction lines.

.
/7




I. IHTEODICTIVEH

Subcooling liquid i‘efrigera:at before the exsansisn valve in & vapor
compression refrigeration cycle increazes ihe evaporator capacity for a
given evaporating pressure. If the vanor refrizerant leaving the evapo-
rator is heateqg before' it enters the compressor, tae volume of the vapor
is increased and more work is reguired to comprers the vasor ¢ a given
pressure. wnen licuid refrigerant Is cuzcooled in & lig.id-vapor heat

exchanzer (heat exchanger tetween the 1iguic and vancr refrigerant). both

of these effects occur. Cne »purpcse of tris thesis is to tresrztically
predict the changes in s:’sten performance tiazi occur when a lig .‘id-vapor
heat exchanger is used to sutcool liquid Zefrigerant 12. The theoretical
performance of tiie system with a2 liquic-vapor heat exchanzer is compered
with the performance of the system without = heat exchanger. This com-
parison is made over a range of operating conditions.

In an actual system uncer stancarc operating cunditions energy losses
‘occur in the motor, compressor, evap.rator, anc piring. These losses de-
crease the system performance telow the taeoretical predictions. under
. average conditions with the piping exposed e room &ir the vaper refrig-
- erant in the suction line will gain hezt from the atmosphere. This heat
_":‘F':ﬂow increases the specific volume of the refrigerant before conpression
j—ffmd decreases the system perfcrmance. If an eguivalent heat flow to the

vapor refrigerant in the suction line cax be %taken fron the liguic re-

frigerant leaving the condenser rather then from the ambient air, the




suctlon llne mnon a heat exchanber is not used. I; the amblﬁnt air ten-

Another “urpose of

ie¢r1FGV¢nt 12 system W1tn &

heat exchanser. This comparison is made ovir a rance of overating voxa;—'__
tlune using Refr;gerant 12 in the’ qutem. Thesc experimentel results are

also ccmpared vlth the tqeoreblcal cGlc\latlonu for uuc same. conditions. "




II THEORETICAL ANAL"’SIc

tlcal calculatlonq were nade Lor a Re riéerant¢12‘00mpré55i6n'f;

cycle_n1th a; llculd-vapor heat excnanger.' A countorflox hecu exchangéri;;r“;;

acsumea for these calcula tions becauqe the ‘maxinum ancant o,_heat

trans;er 1s posclble w1th thl” tfnevof hcat exchanger. The '"verage spe-

01flc neat 01 efr1~eranu 12 vaoo& is les: “tnan thet of the el rﬂoorant 12\Q S

Tuerefore tne heat exphan + effectivenesc Ior thiz case is de—

hen the effectivensss is 1, the tenperature o7 +ne vapor out of the heat

>xchanger (t ) equals the te p erature of the liguid entering the heat

;eXChan?er*(tl.) and the maximum ~eat transfer occurs.
188

lhe coeffvc1ent of performance (30P) and norsepower per ton %E_)
. n

ere calculatea or the cycle W;ile the neat exchanger e;fectlvene (e)

'wae varled betreen 0 and 1. Figure l is a plot of coefiicient of perlorﬂ  ;9~

ance vercus temperature of liguid leaving the neat exchanger (tio)' The . .

D -

in COF is about 2 ner-cent.i

he maxinmus decrease in

Figure-2"is'avn_ot of £ versus 4. . The P is lco‘
: >+ ton ‘1o ton

about 2 Der cent.

ror all Dracuvcal purposes the theoretical coafficient of performance

iand horsepowe ;er tsn for a cycle operating tetiieen these pressures-ié

:aDproxzmatelf cone c.qt. This is aiso shcwa to pe irue for cthir evaporat-
yere mece using experi-.

—-j:.n6 nrersures.-~ urthur sheoretical calc:lat ons wer

'jmentally ceternlneo values for evaaor:sz¢ pr ceure, CONGENSLINE [TYeSIure,

‘and heat rfchan~br ef;entlveness. These results'are cnown in _izure 14

‘a nlot o; coe flClenu of per;orman-v versis evaporating precsure for cycles

4 -t

ﬁitﬁ'énd;w nout E llcu;c-v400r,neau ezcharger.

£11 the points in this




a*e :

" 1he :urm I"tanu th ng 15'_ thag' ‘ heoreulcal'

a cv‘cle with a heat ‘e:c'ché_nger' as"it : s

. szme M*e:*sures i unout a hca'c excha'nger; L

shown . in Appena_" A '\u.z.uh the corresvono—- S
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ITI. EXPERPTL.TAL APPROACH AL PROCETJRE

The purpose of making experimental runs was to cobtain actual system
characteristics to compare with theoretical results anc to commare actual
system characteristics with and without a2 liguid-vapor heai excnanger.

Two different sets ci r:ins we

H

e mace. The first ¢ runcs were made

with the liquic-vapor heat excnan: ¢r in the systum. Then 5 rins were mace

A2}

without the heat exchan er. The first set o runs was mace with iic heat
exchanger so the pressure drco acrcss the heat exchanger in the suction
line could be measured. .her the hezi exchanger wvas removed; ar. ecuivalent
length of piping was installed to provide an ecaal pressure crop between
the same two points in the sucticn line. The s stem craracieristics are
then compared fo; approx:mztely ihe came pressure dro=§'id the suction
line with and without the heat exchans:cr.

In all experimental runs a York Condensing Unit and z primery refrig-
erant calorimeter were useé. The heal exchanger usecd in the first ¢ runs

was a single pass counter Zlow exchanger. !ineral vool blanket insulatiorn

was used to insulate the heat exchanger and all piping excenti the liouid
line to the heat exchanger for the first 9 runs. This insulation was ap-
proximately one inch thick and was covere” with 2lumi .um foil to minimize
beat transfer to and from the surroundings. Tne ise of insulatiorn improves
the effectiveness of the heat exéhangar anc the accuracy of the heat ethanf
ger effectiveness calculations.

A complete cescription of 211 equipment usec is lisied in Appencix B.
A schematic diagrasz of the asperatus with the liguic-vasor neat exchanger
is shown in Figure 3. The locations of 21l the catz »eints are shovr with
their correspcnding symbols. A pheto:raph ¢f the asparatus as it vas cet
up'for the first 9 runs is shcevm in Tigure h. Ficure S is a nhotorrash

- . of the insulate< heat exchancer shcwing the locrtion of the dressure tavs




5=

- and the tubing lea_’cg;ng to0 2 mercury manometer.

i The heat uchangér and all the insulation were removec for the last
5 runs. An equivalent length of 12.5 feet of 5/¢ inch 0.D. refrizerztion
tubing was installec between the tiwo pressire taps. The siving was nct
insulated for these runs in an atteapt to approach normal operatin_ con-
ditions. | Other than the extrz length of suction line and the lace coi in-
sulation, the apparatus was the came for the secund set of rums.

A1l runs were made after ‘ghe equipment hac been operating for cne or
more hours to reach steady state conditions. “hen the equipment rzached
steady state, data points were tzksn evervy five minutes for L5 nminvies.
The ten readings were then averz:ed befcre corr-ciionsz and calculations
were made. By taking arn averare ¢ t:n readings, errcrs cdue to mell
fluctuations in data and the takin- o ‘a2tz wers recuced.

A1l temperatures were measured with copn-r consantan thermocouvles
inserted in glands which were loczicd in the fluic ficw. Temperature cor-
rections were made using a standard calib:-a?,lit-n cuwrve. 4ll pressures ex—
cept the barometric pressure and the cressure crop across the heai cx-
changer were measured with bourdon gages. A1l pressare ages viere
calibrated before any experimental rans were mace anc ccrrections were
made during these calibrations. The pressure drop zcross the heat
exchanger or equivalent length of piping was measured with a mercury
manometer. The electrical input to the calorimei:r a2nd motor were
measured with wattmeters and corrected with calibration curves.

The tabulatec average data for 211 runs is stown in Table I, ipvencix C.
To con:paré the characteristics uncer different operating cond iicns s
the actual cop, f%p ané evaporator czpacity were czlculatec for eash run.

The heat exchanger effectiveness is calculated for each run were -t vac

used. In calculating the CCP, &, and evaporator canacity, the heat
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transfer to tne evaoorator from tr oa-rouna;nﬂs is assumed 1o be ncsligible 

comparea to the electrlcal 1nﬁuu. This is a good assumpiion, espcc1a11y

n the evanoratlng temp@raturo is ‘elatﬂvelj nlch.

he

Q.After calculatlonﬂ were ﬁude ior “the ac*"al verformance, tne exoeri-v'
: 5 b CA R

mental heat exchanger effectﬂf°1ess was used to make thcor0u1ﬂ37 caleula-

,tibns7df[COP and fE% for a SVGUCﬂ.overat~n~ beiween the came evaporating
- - 78]

'ana condens_ng ore ssures.

Fbr uh° seCuno set of runs without the heat exchanger, the echvalent

'lengthVOf piping to be installed was calculated. Irom the =quation for

1]
S
\’D
;(\:
)
et
N
v
e
.
0
N
)

Szmllar eyper.mpnual and t:eoretical cal caletione were made for the

;second seu of runs without the heat excranzer. The theorstical calculations

'w1tn no heap efchan er are the same as those with a heat exchanger vnerc

Deta:.ls of the calculations are snhovn in Append:ix D.




= RESULTS

IV._
*Flsure 1 showc tne tﬂeoreulcal 1ncrease in ODD tnat is pOSS’bLQ bv .

"s1ng a heat exchanger in a Ref rlserann 12 CJC1C oocrat ng oetw'en 26 p51a o

d 110 psla. Flsure 2 is a,sLmel"r plot sh O%iﬁg the effect of ithe 1i quid-e‘

_anor heat excnanﬁer on —ﬂ%., In both'caSes the maximum possxb e 1ncreace

‘1n performance is aDOut 2- per cent. Similar recults ere Sﬂoun for otner'"

*;evaporatlng pressures in ~1~ure 14. if operating conditions were app”ox*— L

a:'mately 1aeal ana tho COp and {%% were the mest im oo*taub characterizt ics
exchan ,er in the sfstem

'fo; tne SJsueu, tne use of l’OLlC-Ta or heat exoi

y;woJla not oe %arrantea. The increase in oc*;crﬂance va.nec oy suocoo ing

ugh to. overcone the decrease 1nv

W

,.fthe llcu_a Re-r:gera“t 12 i

lﬁner*o*mance oue to- heat_ns the vapor before tae cunpressor and stmll cause

',fan aopre01abxe nhanre on systemn COP.

Altnough t e system uuP and {%% 4o “ot cnapgp aD“r°ClaulJ when 2 heat e

°xchanger 1c useo, tne evaporator caﬂacwt" will jncrease. 1if a given_eva—‘"

onrator is in a system and : the tonna;e of tne system has ‘o oe 1ncreased

_§1t m_gnt be DossvbTe to do so by aadwnb a *;oalc—vaaor rather than 1n-

'Fstallxn” a 1arger evavorator.'

,The ezne”;meﬂual ané tneoreuical COP for & system with a 1~ou1a—vaaor'v'"

orauln; oressure (pg) in Figure 6.

:heat exchanger are plotted versus

All the theoretlcal points do not 1lie on 2 smootn curve oenauee the con—

cen 110 pSla and 121 ps:a - The exper:’_-

fdeﬁclng pressure (Pb) varles beti
curve but the

. This is’

ner values of Py

e,}causi.g a greaterf"'

',?1gure 7 15 a plot o theo"etwﬂal and efveanental tg% versus ps for




the - system'W1uh the llquld-vanor heau excnange;.* Both.curveS‘haVe'thé'saﬁé]

trend w1th the experlmental tg; oelns’at loast twice ‘as great as. tne cor-ff‘f

resaonalnv tneor0uvcal lehe. ,iné cev1atﬂon oetwecp nhe two is reater at.
':flswsrevalues4o;-Pg. 'Fér,iower values'oi’pw thefspec ific volume .
'ifﬁigsfést iS’gfeatef, aﬁc snan&es in SOePlflc voliﬁe are greater for a g
"F fcpecsfvc volune . of tnc rsfri eract affécts the actual work of

~*compress;on and tane efficiency of vae gogpressor. The effeczt of c1‘ec1i‘:c
#olume is.greater at lower vaiues
red-is greater..

‘Heat exchancef effectivenesc ic plotted versus evaporaiing Dressure

Tneoret;c i1y € is a function of heat exchanger geometry only.

Q_The’exnerimental plot of € versus p_, shows that € decrecses asp increases.

.
= r

-fAs; 1..creasee tne nean tempe ture gitforence between th luide in

ijthe heat excnanger cecrnase ' The mass flow ratc of the refrigerant

jthrough the hedt exchanger increas asyp? increases.
- =

'ifexchanger effpctlveness € is depenaeno‘on tqe mean uenaeratare clffereqse B
and/or tne mass flow rate of the fluicds. The hrau loss from the heat ex—r*“

‘;change‘.uo the amblen 'cecreases as tue nect exchanzer effectiv ‘ene

'1?in¢rsases;_‘lf novheat‘losses occurred, the - variation of € viould be =ma1;er o

for. the 'same variation of p;.

“Wo p01nts on the exnerlmenual Vlov Geviate ;nsiéerably “rcm the curve

'inﬁthef;lgure.“;”‘e hlgh Jalae of € = 0. 51’J Wac obualuec'wnen the heat loss

]from tne neat excaan?er was unusuall low. The valuc of € = 0.179,'when
fggE 59 22 p51a, was oo~a1nea uurmg a run wrnen the srstem was not Guite

Qat a SueaGV state Cuﬂd;ulOﬂ. The Lomne”ature of the vapor in the hcat ex-

.chancer varlec ovor h° F durln thez“un;_ Tnece o efncvlncntal vulaes are
.known to bc 1n error, uqﬂre;cr tne¢ were ‘ot used uG draw the carve.

L»Flgure 9 ﬂs a 9100 o; theoretlﬂal_ana cznar:men a| CDD for the system




'wlth~the"x»ra suctlon lxne and nothau exchanger : ihe carves ;OllOﬁ

3 er*ds as the ones ;or 'bhe 's ste"l w;tn tne 11 cu._c-vanor neat exchang°

”TherceV1atﬂon 1s agaln Freate” at nlgner values of p because ‘of 1ncreased*g :

i{pressure droos.

o ,,The —’-f-' of the sys tem wrbhoub ’o e neat exchanger is plotted versis Pg .-

..n F_Lgure 10. : lhe tren :de are the seme Por the system u:Lt‘Mut the heat ex—

jchange’r' as uﬂej are for bh.‘ systen with +the heal exchanger.

‘I‘ne actual press;rr crc-, across the 0

’ lﬁne £ or the two dJ.ff""‘E:’lt -ets of runs is plo ‘D‘be’“ Versus eva:oratihg preSsu.ré

mc’m on l‘ne is liarger uhan tne Apv

:Lgure 11 Tne AP acrocs tne extra

'across uqe hea‘b ex cnanber 10r %he same ev'anowlr ores.éure.. This r'ev“atlon
a5 fnctalied for the exira suction'

P R,

B shows tnat rl'e v.rong 'enr“bq oi tabir,-;

iength of pipe is due +to - unac-

‘line. ths error in :mct,..lllm 'bhe ..rom

A

‘?-’counted ‘DI'eSoxJ.I"-‘ losses in toe ;-"itté.ngs. An equivaient length of pipe was

detem:med for ear‘h fitting but tqc res viere not accaat The mayi-
_’mum dev:.atlon oet*reen «ho two curves ‘ig epor oxmauelf 0.2 uSl  This

‘idev1at10n is not large enough to cance any con51derable error in comparing

. 'bhe expermenta._ results’ T”cv' the two CuS of runs.

| The actaal COP for the tvo afferent sets of runs"is plottéd'versus";?':" i
pr; in F:Lgure 12. For any Py tne sy te*l COP is -higher When the 131 q-ld-
v.vapor neat exﬁhanger is in the s;,4Ste'z.v The &bs olute "nf're‘.se in Der;o* -
ance 1s aDOu‘b tne same for anj PL bt t‘hé pe entace ine Srease 1n COP

: dec*'eascs as PE ._ncreases.

A s:.mllcr plot com'JarJ.ng —/'% for the two sets of runs is shown in.

arelB lae Eoﬂ ;or tqe 5y sr,en w_d;h ‘b‘n eat ex cnanbeL 15 1o ver s

T ne cev:.at;.on be’tmeen uhC carves "nc cs at lov*e" 'vala.ec cf PE ‘

..becaazee of tﬂc 1ncr°asm~ 2% fect o;‘soec_f;c volume cha.nbe

revicel Cﬁf vcrsu" px ;or the "yetmn runs

= F:Lgure 1L 1~ a jlo’o of t




~v1th and w1thouu the neat c chan~er.;

arves oecauue 0¢ va i idns 1n condens:mb pressure.

 f;the dlfference 1n

Qllqulaavapo” neau exchanser is negllngle.'

m ‘babulr.tea resUJ.tc s

uheo”etl al Derformanne 1or gJSueﬂ" with agd_

chown in Teble 2, ipgendix E.

Lhe DO“ﬂuo ao not lie on_"
The LLct snows tha

witﬁoﬁtithe‘,
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V. CONCLUSIGHS.

From the C&lC‘l&u”OuS, ang Tigures l, 2, end 1L, it is obvious tnat

iginstalling a‘liquid—vapor heat erchanger for the purpose of increas sing the

© GOP is nct worthwhile from a theoretical citencooint. '“eorot"cally he

L0

it s whe cavacity of.a given .

anger yill Lncreace uild

Vusé of'é liquid~vapor neat exzhang
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2t & gpiven evaporatv Dress Ut
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2 deviates Ifrom ohe theo-
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wohaarer v"ent;venee" jz a2 funztion
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:iiQuiéQVépQ: hea} exchanger Vo ation. The longer
xgthé'suction‘line is ‘n en on_aulng wreten,
?111 ba between thc aﬁbient a’r and the vapor, ovi r conditions beiﬁg conQ

istant. g re-vre Toa 1iquid—vapsr feat excha;gcy Lo subcéol'

£ +he saction line 1“,r%a°e
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’Thé iﬁstalla+1on of a llOlﬂﬂ-vaﬁo% heat exchanger to ‘nerea
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VI. RBCOMMENDATIONS

Future work with liquid-vapor heat exchangersfto subcool Refrigeramt 12
should be limited to systems with long suction limes and to systems where
it is desired to increase a given evaporator capacity. The increase in
performance that can be obtained by installing a licuid-vapor heat exchanger
in a2 system with a long suction line should be obtained.

The use of liquid-vapor heat exchangers and other methods of subcooling
liquid refrigerant to increase system capacity could be compared. This
comparison should be made on an economic basis as well as a mechanical

performance basis,
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APPEADIX A

Coné.tions » ana As <:umo tione -
TfJ¢por como”ess" on c“ﬂWé ﬁiuq oyﬁanc on valve
"fRefrigerant 12
. o pressure Grops in ipe lires, cveporater, or comr
f fpias ané‘vélﬁgs | | o
"lfsatura ‘ vasor lcaviﬁé.evabc~‘tor
v.f:jSataraued llcula leaving co rdc
' f}1sentro ic compression |
'26A§sia
’_lid nsiav
r;beiéféféie'w th 2 llqwka-: uor q:at‘edcnaﬁ~er set the temueraturP o

o}

-

the hoat exchanger &t Lo° F.

ssia . Bys T 77.710 Btu/Ib

'1v11Q p;ia,  ° ". ; = h ," 059 Hta/lb

t,~;g'&o'y' 'i;:‘- S = 7.é73‘ ta/*

bala 1ce around - t“,'h at ékchabfer
> 8

= 77.710 + (2 059 —‘,*"1'7.‘273*”{

= 840 = 0- 1900 2t/ 150F

lOl 551 B‘u/lo

3




o mngmg) 200

e e

' For a cycle witheub a heat exchanger t1o = 15
with an infinite counterflow heat exchanger i,

. The resultr used for Figures 1 and 2 are:

87.23‘. o .

 80{ ' .

%Néof; “ j | ‘ | L3R 1.023
s ez Lo

332 , | 1.0l . (Infinite heat
RO | ' - exchanger)
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=1 94 1b/mix
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Solving feor L yields L = 11.5 f£i.

Pl

The calculations for runs without & heat exchaner

this sample calculaticn excent that € = C.

- -
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or rag wi

exchanger no equivalent »ipe length L was calculated.

thcut the heat

a&re vne came as
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enthalny
equivalent len th f i-e
pressure

evaporaior capazity

“entropy

tem;eratufe in cdegrces ranrenheit
specific volume

flow rate

Y.atts

coefficient of perfermance
horsenover ser iun

finite differ:nce

heat exchanger effectiveness

actual or experimentzl
barometer

conditions in ceondenser
discharge frcm compressor
conditions in evajorator

evaporator exit
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lo

VO

~he-

calorimeter heater
heat. -exchanger

liquid refrigerant before exxnsion valve

liquic out of condenser
liquid into heat exchan-er
liquid ~ut of nezt exchasser
compressor motor

suction at compressor
theoretical

vapor into heat exchanger

vapor out of neat exchan:er-
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