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ABSTHiiCT 

Subcooling liquid refrigerant in a vapor ccnpression refrigeration 

cycle increases the systeri capacity. The purpose of this thesis is to 

relate theoretical and experiaental per-'omance characteristics to one 

method of subcooling Refrigerant 12, the ase  of a liquid-vapor heat 

exchanger. 

Theoretical and experimental values of syster. coefficient of perfom- 

ance and horsepower per ton are found at various evaporating pressures for 

a system rlth and •without a iiq-.id-vapcr heat exnhan^er. The theoretical 

perfonnance of a systcs ritn an evaporat:"n£ preE.-ure of 2S psia and a con- 

d&asing pressure of 110 psia is found for variations i.. heat exchanjjer 

effectiveness between 0 and 1. 

Theoretically a liquid-vapor heat exchanger has a negligible effect 

I      on i^steia coefficient of perforriiance and horsepower per ton. txperiments 

f  on a system with a relatively short suction line showed that the use of a 

I  liqaid-rapor heat exchanger does not increase the system performance 
r 

I  eaooogh to warra..t its installation in a system for tliis reason. The sys- 

g:  tea capacity is increased by installing a liqidd-vapor heat exchanger. 

Any future work do..e with liquid-vapor heat exchan^icrs for the Purpose 

of increasing performance in Eefrigerant 12 systenir should be linitec to 

^steos with long suction lines. 



I. IliThOBJCTIoN 

Subcooling liqiJid refriger£:i.t before the expansion valve in £ vapor 

conpression refrigeration cycle incrcaEes the evaporator caoacit;/ for a 

given evaporating press^ore. If the vapor refrieeramt leaving the evapo- 

rator is heated before it enters the compressor, the vol'ume of the vapor 

is increased and acre work is required to consprers the vapor ^  a given 

pressure. iShen liquid refrigerant is cubcoolco in a lic-:id-vapor heat 

exchanger (heat exchanger bett/een the liqaic and va-xr refrigerant), both 

of these effects occur. One purpose ox this thesis is tc theorcticall;:/ 

predict the changes in s:;ste- perfonaance th?.t occur wh-.:: a liq id-vapor 

heat exchanger is used to subcool liquid Refrigerant 12. The theoretical 

performance of tiie systen vrLth a liquid-vapor heat exchan;-er is compared 

with the perfonaance of the system -srithoat a heat exchanger. This com- 

parison is made over a range of operating conditions. 

In an actual system under standard operating conditions energy losses 

occur in the raotor, compressor, evap.^rator, and piping. These losses de- 

crease the system performance below the theoretical predictions, under 

average conditions with the piping exposed to room air tie vapor refri^^- 

erant in the suction line will gain heat, from the atmosphere. This heat 

; ■ flow increases the specific voluse of the refrigerant before compression 

: «nd decreases the system perfcnaanoe. If an equivalent heat flov: to the 

ryspoT refrigerant in the suction line car. b*:- tal^en fron the liquid re- 

fe flrigerant leaving the condenser rather than from the aribient air, the 
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liquid refrigerant can be subcooled without any added loss in perfonaance. 

The increase in perfonaance due to subcooling t.-ie liq-iid in a liquid-vapor 

heat exchanger is dependent upon the nagritude of the heat flov: to the 

suction line ^vhon a heat exchanger is not used. If the ambient air tem- 

perature is high or the heat transfer surface of the suction line is large, 

the increase in performance that can be obtained vath a heat exchanger may 

Trarrant its installation. 

Another purpose of this ti^esis is to conipare the actual performance 

of a Refrigerant 12 system with a liquid-vapor heat exchanger and vath no 

heat exchanger. This comparison is niade over a rani;e of operating condi- 

tions using Refrigerar.t 12 in the szrstem. These experimental results are 

also ccmT5ared ^vith the theoretical calCLdations for the same conditions. 

It '■ 

I' 
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II. THEORETICAL ANALYSIS 

-   Theoretical calculations were made for a Hefriserant 12 compression 

cycle .^th a licuid-vapor heat exchanger. A counterflov. heat exchanger 

^s assumed for these calculations because the inaxinuin amciont of heat 

transfer is possible ^th thi. type of heat exchanger. The average spe- 

cific heat of Refrigerant 12 vapor is lesr than that of the Hefrigerant 12 

liquid. Therefore the heat exchanger effectiveness for this case is de- 

fined as: 
t  - t . 
vo   va 

€ = tn - t-,. 
lo   li 

«hen the effectiveness is 1, the tenperature of the vaoor out of the heat 

exchanger (t^^) equals the temperature of thcliouid entering the heat 

exchanger (t^^) and the naxiirj-nn heat transfer occurs. 

The coefficient of performance (CO?) and horsepovrer per ton (^) 

^re calculated for the cycle .vhile the heat exchanger effectiveness (c) 

was varied betvfeen 0 and 1. Figure i is a plot of coefficient of perform- 

ance versus temperature of liquid leaving the heat exchanger (t^^^). The 

plot shows that the maxiinum possible increase in CO? is about 2 per cent. 

I   Figure 2 is a plot of ^ versus t^^. The maxirnu:. decrease in :^ is also 

about 2 per cent. 

•f       For all practical purposes the theoretical coefficient of performance 

and horsepo^erper ton for a cvcle operating betv;een these pressures is 

. ^ T    ^^.v-+  TMTC; -ic al=^o sh-vm to be true for ctmr evaporat- approximately constant, inxs xs ax^o S..-./J.I 

ins pressures. Further theoretical calcilatlons were mace using experi- 

laentally determined values for evaporating pressure, condensing-ress^e, 

and heat exchan-r effectiveness. These results are shown in figure 14, 

a plot of coefficient of performance versur: evaporating pressure Tor cycles 

idth and vdthout:a liquid-vapor heat excharger. All the points in this 



I:  plot do not lie. on Uo  smooth curves because the c:;ndensing pressure varies 

betireen 109 psia and 121 psia. The important thing is that the theoretical 

COP is approximately the sa.T.e for a cycle vrlth a heat exchanger as it is 

for a cycle operating between the sa-.e pressures v.-ithout a heat exchanger. 

Theoretical calc-olatior.s are sho^vn i.. Appendix A vrlth the corresponc- 

inf assusiTDtions for these calculations. 

i, I 
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III. EKPEPXSl.TAL APK?OAGH A.:E P?.OGELJHE 

The purpose of aaking ej^jerinental runs was to obtain actual system 

characteristics to compare Tslth theoretical results anc to comt»are actual 

system characteristics with and v.-ithout a liquid-vapor heat exchanger. 

Two different sets cf r ins vjere made. The first 9  runs wr-re nace 

vith the liquid-vapor heax exchan cr in the- systum. Then 5 r.ais vrerr. made 

without the heat exchanger. The first set o_' runs was made nvlth tix heat 

exchanger so the pressure drcp across the- heat exchanger in tiit suction 

line could be measured. V.heri the heat exchanger v.as removed, an e equivalent 

length of piping was instalLled to provide an ccial pressure dr-^p between 

the same t^o points in the sucti<;n line. The Evsteni cl'aractcristics are 

then comoai^d for approximately the same pressure crops in the suction 

line with and without the heat exchaifer. 

In all experimental runs a York Condensing Unit and a primary refrig- 

erant calorimeter were used. The heat exchanger used in the first 9  runs 

was a single pass counter flair exchanger. Ilineral rool blanket insulatioi. 

was used to insulate the heat exchan;;;er and all piping except the liouid 

liae to the heat exchanger for the first 9 r>ms. "his insulation was ap- 

proxinately one inch thick and was covere^' v-ith aluni .um foil to minimize 

heat transfer to and from the surroundings. Tne -ise of insiilation inproves 

the effectiveness of the heat exchanr^.r and the accuracy of the heat exchan- 

ger effectiveness calculations. 

A coBiplete description of all equipment used is listed in Appendix B. 

A schematic diagran- of the apparat^is w.'.th the liouic-vajor heat exchanger 

is shown in Figure 3. The locations of all the data points are shov.T; v.ith 

their corresponding symbolr. A photograph cf tlie apparatus as it v.as set 

^ for the first 9 runs is S'IOTXI in Tigure k.    Figure 5 is a phctovraph" 

of the insulated heat exchanger EhcTr.ng the locr tion of the pressure ta:.'S 
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• and iJae  tubing leading to a mBTcxxr/ .Manometer. 

The heat exchanger and all the insulation vrere reaovec for tae last 

5 mms. An equivalent length of 12.5 feet of 5/t- inch 0.0. refrireration 

tubing -was installed between the two pressure taps. The piping xas  not 

insulated for these runs in an attempt to approach normal operatin.^ con- 

ditions. Other than the extra length of suction line and the lact: c; in- 

sulation, the apparatus was the zaae  for the secund set of runs. 

All rons were made after the equipnent had been operating for one or 

more hours to reach steady state conditions. Vfrien the equipment reached 

steacfy state, data points were taken every fire minutes for US minutes. 

The ten readings were then averaged before corr-. otion? as,d  calculr.t-.ons 

were made. By  taJrin^- an average cf ten reacinc:?. errcr? due to -nail 

fluctuations in data and the takin- o' /ata T.ere recuced. 

All temperatures were Hieasured with ccpf.rr consantan theraocouoles 

inserted in glands ishich were locat'^d in the fluid flow. Temperature cor- 

rections were made using a standard calibration cvrve.    All pressurts ex- 

cept the barcMaetric pressure and the pressure crop across the heat ex- 

;  changer were measured nith "oourdon gages. Ail press art rages were 

calibrated before any experimental runs were made and corrections 7.ere 

^      Bade during these calibrations. Tne oressure drop across the heat 

I' 
I  exdianger or equivalent length of piping was measured with a mercury 

|,  ■anoaeter. The electrical input to the calorimeter and motor were 

measured with wattmeters and corrected with calibration curves. 

Tte tabulated average data for all rons is sr.ovm  in Table I, Appendix C. 

To COTspare the characteristics under d5.ffcrent operating concJ.tions, 

the actual COP, ^^, and evaporator capacity were calculated fcr each run. 

The heaX exchanger effectiveness is calculated for each run T.ere it T;as 

I used. In calculating the OOP, ^, and evaporator capacity, the heat 
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transfer to the evaporator frcm the surroiondinss is assuaed to be negligible 

compared to the electrical input. This is a good assumption/ especially  ;; 

when the evaporating temperature is'relatively high. 

After calculations %vere made for the actual performance, the experi- 

mental heat exchanger effectiveness ivas used to make theoretical calcula- 

tions of CX)P and #- for a svstera oT^eratinj: between the same evaporating 
ton      '     '       , 

and condensing pressures. 

For the second set of rons vathout the heat exchanger, the eq-^ivalent 

length of piping to be installed was calc-olated. From the equation for 

pressure drop in a pipe: 

0.0121 iLvY^v 
p r  P  

■      ■    ,^ 

the equivalent length of piping (L) was deterrdned. The average X for a 

number of calculations v/as 12.5 feet. 

Similar experimental and theoretical caLeolations vere made for the 

second set of runs without the heat exchanger. The theoretical calc-olations 

TTith no heat exchan.':er are the sa'ne as those »dth a heat exchanger -.vherc 

€Z 0. 

Details of the calculations are shoYfn in Appendix D. 
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IV. RESULTS M2 DISC-SSIOH 0? ?3SULTS 

Figure 1 shows the theoretical increace in OOP that is possible by 

using a heat exchanger in a Hefrigerant 12 cycle operating between 26 psia 

„ .    • -n„^ -^lo-^ ov,ov----.c t^^e e-"-fect of the liqiiid- and 110 psia. Figure 2 as a s-.Jii:.l-r ?lo. sno.._-g "O-.e .__ 

vapor heat exchanger on ^. In both cases the maxi^ possible increase 

in performance is abo^ 2-per cent. Simlar results are shown for other 

evaporating pressures in figure lu. If operating conditions v.ere approxi- 

xoately ideal and the COP and ^ were the .ost i^ortant characteristics 

of the systen, the use of a liquid-^rapor heat excha^.er in the ^sten.     . 

^uld not be warranted. The increase in perfcraance gained by sub cooling , 

.,  -,.  - ^ po-r.^ "P.-ar.t Tp'-is -ot larre enough to overcome the decrease in the liquxQ i:lefrj-^eran o x<i x^ ..oi/^—„    ^^ 

-,^ +^ h-^p+^-ip the vaoor before the compressor and still cause -oerfornance aae to heatjjig x-ne ^ci-jux 

an appreciable change on system COP. 

, ^,4.  --P -„^ Jf~  no "ot c'^aPF'^' ar>oreciably when a heat Although the system «^P ^^na r^^ ao -°^ c-d-^b- ^--\ 

exchanger is used, the evaporator capacity will increase. If a given eva- ; 

porator is in a system and the tonna..e of the system has to be increased, , 

it might be possible to do so 1^ adding a liquid-vapor rather than in- 

stalling a larger evaporator. 

The experimental and theoretical COP for a system with a liquid-vapor 

heat exchanger are plotted versus evaporating pressure (p^) in Figure 6.   , 

All the theoretical points do not lie on a smooth curve because the con- 

densing pressure (p,) varies betv;een 110 p.ia and 121 psia . The exoeri- 

nental curve follows the same trend as the theoretical curve but the 

i  deviation between the t^o is greater at high.r values of P^. This is 

reasonable because the refrigerant flow is greater at higher values of P^. 

Consequently the pressure;;drc,ps in the.system are larger, causing a greater 

decrease in COP. 

Figure 7 is a plot of theoretical and expe 
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the system with the liquid-vapor heat exchanger. Both curves have the same 

trend irith the experimental ^ being at least tv.-ice as great as the cor- 

responding theoretical value. The deviation betv/ecn the tvro is greater at 

lower values of-p-/ For lower values of p£ the specific volume of the re- 

frigerant is greater, and changes in specific volume are greater for a given 

p^.. The specific volume of the refri£erant affects the actual work of   / 

compression and the efficiency of the compressor. The effect of specific 

volume is greater at lower values of p^j therefore, the effect on the ^ 

required is greater. 

Keat exchanger effectiveness is plotted versus evaporating press'ore 

in Figure 8. Theoreticallj £ is a f-jnction of heat exchanger geometr;/- only. 

The extjerinental plot of € versus p^;, shows that e decreases as p^ increases. 

As p increases the nean terperature diffc-rer-ce betv,-een the trio  fluids in 

the heat exchanger decreases. The mass flow rate of the refrigerant 

through the heat exchanger increases as p^ increases. The actual heat 

exchanger effectiveness £ is dependent on the mean temperature difference 

and/or the mass flow rate of the fluids. The heat loss from the heat ex- 

changer to the ambient air decreases as the heat exchanger effectiveness 

increases. If no heat losses occurred, the variation of e would be smaller 

for the same variation of p~p. 

Two points on the experojnental plot deviate consicerablj from the curve 

in the figure. The high value of £ zO.519 was obtained when the heat loss 

from the heat exchanger was unusually lov;. The value of 6 = 0.179, when 

dr. = 59.22 psia, was obtained during a ran v.r.cn the s-ystern was not quite 

at a steady state condition. The temperature of the vapor in the heat ex- 

changer varied over ii°F during the run. These two experimental values are 

^  knovm to be in .error? therefore, they were not used to draw the carve. 

Figure 9 is a plot of theoretical and experinentai 00? for the system 
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rttb the ext« suction Itoe and no heat exchai>f;e.. The cur.es foU« the 

^e trends as the ones Tor the s,3ten .1th the lic.uia-vapor heat exchanger. 

Ihe deviation is again greater at higher values of p.^ because of increased 

pressure drops. 

The -^ of the system v^thout the heat exchanger is plotted versus P^ 
ton ... 

in Figure 10. The trenas are tno s.-ne .or t..^ -/--a -i^- 

changer as they .=re for the system .vith the heat exchanger. 

The actual press-are drop across the heat ex=h.n-er =r:d the extra suction 

line for the tv,o different sets of rur.s is ,l.-tted versus evaporating pressure 

in Figure 11. The ^p, across the extra suction line is larser than the ^p, 

across the heat exchanger for the same evaoora.ing pressure. This deviation 

-  X- ^- + --h-i-,- --p-r •■n'^-talled for the extra suction sho-.vs that the T.ron£ lensta c t..bi.ir, -a- -u„.c.xi-u 

line. This error in installing the vrrong length of ?i?e is due to unac- 

counted pressure losses in the fittings. An equivalent length of pipe .:as 

determined for each fitting b.it the results y.ere not accurate. The maxi- 

mum deviation between the tv.o curves is approximately 0.2 psi. This 

deviation is not large enough to cause any considerable error in comparing 

the experimental results for the tvro sets of runs. 

The actual GO? for the t^o different sets of runs is plotted versus 

p, in Figurel2. Ibr any Ps the system CO? is-higher vrhen the liquid- 

vapor heat exchanger is in the system. The absolute increase in perform- 

ance is about :the: sane for any |^.;but the percentage increase iB(^^^^^ 

decreases as j>g'increases. 

A similar plot comparing ^ for the two sets of |uns is ^ov.n in 

Figure 13. The :^ for'the system vith the heat excha^^ is lower for 

any p^. The deviaUon between the;>curvesi^^^^    at lower values of. p^ 

bec^ise of theicre^^ 

Figurei\s|a-:plot^::o^ 
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^th and 7.-ithout the heat exchanger. The points do not lie on smooth 

curves because of variations in condensing pressure. The plot shov/s that 

the difference in theoretical perfornance for i^'stens vrith and Yr.thout the 

liquid-vapor heat exchanger is negligible. 

An tabulated results art shovm in Table 2, Appendix E. 
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V V. • COKCLUSiaJS 

„.     TO --nx 1). -i-fc is obvious that 
From the calculations, and RLgures 1, 2, -no 1., -t- xs 

^. , iv.rt nn•rnn'^p of "i ncrcasing the 
installing:a liquic-vapor heat exchanger .or oi.e ourpooe o. _     ^6   ,,, 

j.-„-T -^r:r-r'-^n''rt.    Theoretically the 
COP is not 77orthvrhile from a tneoretxcd .. ..nc,.o-nt. 

.  .   v,-,-.-r^' --T' -^n—a-e the ca^3acity of a given , . 
use of a liquid-vapor nea^ exr^nciice. ..-..^^-n--^c^- 

evaporator at a given evaporatins pressarc. 

...    j.„„a-^,; -rti' p->—1- ■''•■i nental values 
Tor.the laboratory sycter: vrhicn vras .e-^-c .n. e,...._nc. 

- X    one/ a^n Jis- o-" the theoretical values. This cf systen CO? were Detveen 20;{, ana U5p o- o.i., 

. ,   -^      v.+ h cp^^ r^ r'^n-, vdth and without the lic-iid- 
r-anc-e of values nolcs xor Doth seu., u_ r.^..., 

vapor heat exchcJiger. ^JXLx.-.r..j v..e &....<-. x... w-i 

- .  „- onr - -.-r !>sO^, 0-" the. theoretical values, 
the system tested v/ere oev<;ecu^^'^'-j:o   --^c ^i>-o o_ . . 

The maxinuin ex?eri:.entai syst.:. CO? that c^n b. ootainec v.ith this labora- 

.     ,...-„^.!-.T- T'A'' o-r" th'^' theoretical value, 
tory Refrirerant 12 system: xs appro.^........ .0. o. .n. 

. . X  - .- ^-^  -■-. ".-.t-"ci"i CX)~ more ?.t hi<:her. 
The actual systtni '^ir  ce/a., xt,.. ^-^-.. 

--v-^ir ^.o iP--?^ -.-t-a 1^ deviates froni tiie theo- eva-ooratins presrures vnxlet.'.e ac.-a- ........ ^3^^ 

retical :^ ;:K5re at lovre:- evaporatinr: pressures. 

■ .X ...^.•-,.-.v.. r." <-rre-r-tTve'ess decreases as The actual licuid-vapor nea^ e.^ca^n,r. ,x.£.u_v ... 

,.^.    ^^x. x-_^ x...., >-v;^.:e ccr-rcasec and th<; flov- rate 
mean tenperaturc dxf-^rence o- .-e ...o --.-.-^ c-.^e 

x-^-TT- ^-,-c-. -r't e-'-hai-e- efiectivenes.?. is a function increases. Tnecrctxcallj' ohc -c,.. e„...-d...^t.- .. 

of-geometry only. 

For an operating =/=tei= c=nt.inin. ^eirigerant 12 v:ith . r=lativcly 

short suction line, the incrca.. in a=t.a. ^..t.= COP achieved =7 using a 

,  .   ' ..^-.., -^-iri "-t v-arra.-t it.- installation. The longer liquid-vapor heau excnan^er ^o^a ..o^  >.c.xxa..i. .. o 

the suction lo.ne is ■ n an op.ratin, .ysten, t-e greater the heat transfer, 

.ill be between the a-.ient a:.r ar.d the vaoor, oth.r couditi.ns beinr con- 

» - X-., v..-^, X, , „.r- ^ l-icuid-vaoor heat txcha..£cr t.) subcool 
stant. There-ore t;ie .^-/a..uc^,- o. -.> a..Lv.a_u 

.       -^ -"-oo Tf."-^'--of the s.iction line increasef 
the liquid refrigerant xncr-ases cs uie xe...v.. .. 

,   The installation of a liquid-vapor heat exchanger to :ncrease systen OD? . 

1^ 
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Y'  might be T^rranted in a Refrigerant 12 systen vith.a lone s..ction lino. 

If the evaporator capacity of a Refrigerant 12 systeir. n.st be increased 

:  at a given evaporation pressure, the desired increase mi-ht be obtained 

;  -^th a liquid-vapor heat e::changer rather than a lare:er cevaporator. 
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?I. RBOQfftGENMTIOiiS 

Future work with liquid-vapor heat exchangersjto subcool Refrigerant 12 

should be lisuted to systens with long suction lines amd to systems where 

it is desired to increase a given evaporator capacity. The increase in 

perforaance that can be obtained by installing a liouid-vapor heat exchanger 

in a system with a long suction line should be obtained. 

The use of liquid-vs^Jor heat exchangers and other methods of subcooling 

liauid refrigerant to increase syster; capacity could be coiq>ared. This 

cowparison should be made on an economjc basis as well as a mechanical 

performance basis. 



VII.    A??L:,T;I-CLS 
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APPE1€)IX A 

SAi.IPLE THEORETICAL CALCUIATIOIv 

Conditions and Assunptions 

1. Vapor compression crrcle vrithcjipansion valve 

2. Refrigerant 12 

3. Ijo pressure crops xn .;-ape ixnes, c\d.p^^a^'^.--,  in- 

folds and valves 

U. Sat^^atec va,.or leaving, evapcrator 

5. Saturated licjaid leaving.ccndenser 

6. Isentropic compression 

7. a-, = 26 psia 

3. P(, = 110 psia 

For a cycle v/ith a liquid-vapor heat exchanger set the temperature oj 

the liquid leaving the h^^at exchanger at i;0° F. 

p-^ = 26 psia hvi = 77.710 Etu/lb 

p = 110 psia nii = hi,cO= 26.059 Btu/lb 

5 

tin   = UO  F hT_ - 17.273 Btu/ib 

An energy balance around the. heat exchanger fields: 

H     = ;.     + (h,. - hV)=77v710+ (28.055' - 17.273) = 38.i496 Etu/l^ 
^Vo     "vi      ^'Xi   .   lo' 

h. = hvo = 3S.U96 Btu/lb 

tvo = Cg - 26 psia svo = 0.19008 Btu/lb°R 

Sd = s, = 5,^-0 = 0.19003 Etu/lbo?. „ pj = 110 psia 

h. = 101.551 BtVlb u 

^LBX = '^'io = 17-273 Etu/lb 

CO? =   ^'^^ = 77.710 - 17.273    . i,,S29h 
h- - h,.       101.551 - B8.it96 
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jf_ _   y(h^ - hs) 
ton 
 200    _   i^-7lU 
II2JI2 w(hr£ - hi3x)      '      C°P 

JL -    \\xVh    - 1.0182 ho/ton 
ton ~   1|.62?U 

For a cycle without a heat exchanger t2_o - t^^^ = "^1,00 ^^^- f°^^ ^^^~^ 

■Pith an infinite counterflow heat exchanger t.,^ = t^^. 

"lo 

87.23 

The result- used for Figures 1 and 2 are: 

Ho "V 

80 k.5p63 

70 U.5693 

60 

33.2U U-6U67 

1;.>851 

k.6072 

Ii.629i4 

ton 

1.0370 

1.03U6 

1.0316 

1.0231 

1.0231 

1.0182 

i.oiHi 

(no heat exchanger) 

(Infinite heat 
exchanger) 

'M 1 

1 1 

'.1 1 

4-f 

j ' 
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APPE^DIX B 

'.--'-<;>> */'\"< 

EQUIFiSi'IT L£SGRI?TION ML S?LGIrIGA.TIOHS 

York Condensing unit 

iiaker: York Corporatio-, lorl:, rennsylvania 

Type: U22 ?[T 

Speed: 375 r?n 

Rating at 100 F Condensing Te.-perature: 

a. ho90  Btu per hour at 20 ? evaporatcr temperature 

b. 7900 Btu per hov.r at UO F evaporator temperature 

If -.' 

liaximum condensing: pressure 

Hotor 

Bore 

Stroke 

Niaaber of c;."linders 

Piston displacement per revolution 

Refrigerant 

Normal Refrigerant charge 

Receiver refrigerant capacity 

Crank case oil charge 

Control equipment: 

Condenser Tirater: 

Press'j-re safety: 

13-3 psig 

3/li hp 

2 p/6 in.    ^ 

1 lA in. 

.;:: 2 

0.00732 cu. ft. 

Freon~12 

7 lbs. 

UO lbs. 

5 pints 

?en:i Electric—^Type XLI 

::irjieapolis-Koneywe3JL—; 
T>-pe L-I;13-l 

1 ■ 

!   ! 

-' ■ 

) 

i 
•i ! 

^. 

•i  : 

lit' 



i 

Evaporator: 

lyi«-PriBary refrigerant oalortaeter (Hooded evaporator) 

I„sulatlon-*-ood-covered corK, heat transfer factor 1.315 Btu/lor- 

Expansion Valve: 

iiaker: Detroit Lubricator 

Type: Theraostatic 

Number: 783 

Setting: + 10°F superheat 

Heat Exchanger: 

lialcer: Keat Exchanger Co.pai^', Incorporated, a-e»ster, Ke« York 

i£odel Ninber: 75->' 

-°F 

■".Vattmeters 

liotor: 

evaporator heater: 

Copper constantan theiraocoupie 

Potentiometer—Leads and Horthrop 

Bo\irdcn gages 

Evaporator exit: 

Vapor into heat exchanger: 

Vapor out of heat exchanger: 

Suction: 

Discharge: 

ifercury lianometer 

0-2QC'0 ivatts 

0-3000 ratts 

0-lOC psig ;   : 

0-200 psig■ 0-30 in. 

0-200 psig 0-^0 in. 

0-150 psig 0-30 in. 

0-1^0 psig 0-30 in. 

nR 

Hr 

Hg 

vacuum, 

vacuum 

vacuum 

vacuum 

Kl 
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f 
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.APPEIIDIX D 

SA:-,IPLE E:C?IPJ::ENTAL aLcuLKTioi^" 

Run number 2 is used for an e::anple. 

Assumptions for calculations: 

J- ?EE = PE 

2- Pd=Pc 

3. Heat losses 'on the; caloriniter ar. negligible. 

P^ = 29.325 in. ilg -  2y.829 (.U912) psia : lU.67 psia 
b 

p = t)_^ = 23.03 i3sig = 37.70 psia 
^E  " iiJ!/ 

tj. = 22.79 F 

p = p, = 100.75 Dsig r 11^-U2 psia 
^c  -^a 

tc Z 90.6ix F 

^^Eon-'A  (GOP)^   2T63 

Qg = 3.103 % = 3.413 (1905) =6500 3tu/hr 

Wo - tyi _ lili.3 - 31.1; 
^li - ^-i " 70.7 - 31.ii 

t . r 31.U F h .  =81.003 Btu/lb p . - 22.13 psig = 36.85 psia 

Pvo = Pvi -^Pv = 36.35 - .21 -- 26.61. p.ia     t,, = UU.3 F   h,, = 32^ 

t^^ = 8ii.7 "a-.::  - 27.k6h zJtu/lb 

tio = 70. 65     h.^o = ^^'2°° -■^'^/^^ 

(^hi -^h )j^^ = (h3_.^ - h^^) - (h,^^ h^^) = 1.3314 Btu/lb 

i>;- 
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For: (COP)^' and (^)j 

Pj2 =-37.70 psia t__, = 2?.79 F      h.a' 

.tLOO = ^c = 90.637 ? "LOO 

7?.S75 Btu/lb 

= 28.S6k Btu/lb 

+_ • 

1= 
From the definition of € -    ^^ ~_ ^^^ 

t      = t . +  € (t-,.;  - t  .) 

,     = 22.79 -J- .2l.2(90.6U - 22.79) = 39.19 " 
vo ■ „ 

= 82.173 EtVlo    s„o = 0.17205 Btu/lb R 

r 0.17205 Btu/lb^E p^, - 115.U2 Psia 
Pvo = ?E = ^^-^^        ^o 

s , - s. '-vo 

h^ = 117.70 Btu/lb 

From energy balance around heat e-.cchange: 

V    =h       - (b     - h .)= 23.86h- (?2.150 -79.675) := 26.3?] .■■}"-, I   -   ^D.3-.'l   rou/o-O 

VO VZ 

^^^^''T "    h - - hg 91.01:0 - c;'2.ipo 

r_6£.)    = ltr7J-k - = 44iii = 0.787 h?/ton 
^ton^T        COP 6.00 

.00 

II 

Ik I- 
lk< 

To find equivaien 

h_ = SO.768 Etu/lb 

h       = 2U.189 Btu/lb 
LEX 

It len-'th of pipe for    p across the heat ezchanr,er 

„ -    ^,f-l^ W-T = 3 )|13  fl9n5) =1.92 Ib/rnin 
"   (t^-KLBx)60   56.579 (60) 

V       = V at 36.7 psia and 37.9 
avE ^ 

- c>,oi.g-.i ILA |i ■ From eauation for   ? 
d^ 

I 

- Prrd^ 
,.2, 0.0121fT.-''Vg^,^, 

I'Froa Figurt 6.6, Sevems and rello7;s (U) f= 0.02 

P From Figure 10.2, Severn:^ zrA FSHOVS (U) d = 0.5U5 in. fc 

l^^eration tubing. 

5/G in. refrlE- 
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SolTlng fcr L yields L = H.^ *t. 

The calculations for rxms vrithout a iieat evchan;:er are the sane as 

this sample calculaticn except that € = G.    For rins lirithcut t'-e heat 

exchanger no equivaient i^ipe lent-th L \;as calculated. 

fi.- 
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APFVZIX r 

..J...U. - ^ - Oi. —; •     ii 

d 

f 

h 

L 

P 

s 

t 

V 

w 

W 

COP 

ton 

€ 

dicaaeter 

friction factcr 

enthalpy 

equivalent lt;r..^'th  -if pi- e 

pressure 

evaporator, capacit;/ 

entropy 

temperature in derrces Fahrenheit 

specific volume 

flow rate 

V.atts 

coefficient of perfcitEance 

horserjov/er per ton 

finite differ; ace 

heat exchanger effectivener,- 

SUBSC7JPTS 

A actual or experinental 

b barometer 

c conditions in condenser 

g: d dischairge frcsi conpressor 

E conditions in evaporator 

BE evaporator exit 

A    — 

•^1 

■ -i 

1 ;1 
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H caloiTjBeter heater 

he beat exchanger 

LBX liquid refrigerant befort exp-nsion valve 

LOO liquid out of conderiEer 

li liquid into heat e:k'3han-er 

lo liquid -.^ut of hctt exchar^er 

li compressor notor 

s suction at cor.prespor 

T theoretical 

vi vapor into heat exchanj^er 

▼o vapor out of heat exohani^er 

; > 

: I 

" i 

*? ^ 

h 

t 
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