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JOHN H. NEILSoN, ROBERT A. CRAWFoRD

Glasgow'

Losses in Refrigeration and Heat Pump Cycles

The designel of refrigeration or heat pump plants must have a clear understanding of how his
::óice of design parameters for the plant will effect the power input needed to run the plant. Knowing
- rhe first instance the combination of ideal proces§es which wili give the śesired refrigeration or

:earing effect he must then evaluate how the actual processes involved depart from the ideal. It i§ the
:,:nction of this article to explain how these departures from thę ideal in any given proces§ contribute
:"- rhe cycle work input and to state clearly how this work quantity may be calculated. The methods
d.6{rib€d can be universally applied. They can be usęd to evaluate losses due to the temperature dif-
jerences needed for heat transfer in heat exchangers, losśes due to heat transfer from or to the working
Jlid in compressors and losses due to friction effects such a§ those occurring in heat exchanger tubes,
nrottle valves and lines and in the ports of the compressor.

A" - available energy,
P - pressure,

4 - 'heat quantity,
J - entropy,
T - temp€raturc,
ł - internal ęnęrgy,
Z - volume,

l71 - work input.

Notation

§ uffi xes

ł - cxternal, s,so - §ource,

/ - friction, soc - relating to idęal fluid,
0 - atmospher€, .ł' - denotes ideal value of x.
r - Ąccted,
s - supplied,
si - sink,

1. rntroduction

The purpose of a refrigeration plant is to maintain a region at an artificially low tem-
p€rature with re§pect to the prevailing atmospheric temp§rature, whiłe ,that of a heat
pump pląnt is to maintąin a region ąt a temperature higher than atmospheric. Both plants
contain similar elernents which are needed to forcę the working fluid through a cycle-
In eąch plant there are ,two principal hęat exchangers, one for the removal of heat
from the working fluid and the other for the addition of heat to the working fluid, In the

* University of §trathclydc.
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26 J. H. Neilson, R. A. Crawford

PoPular Yapoul refrigeration plant these arę thę codenser and evąporator respectively.
The other principal feature is a unit in which work energy is transferred to thę working
fluid.

Operating in conjunction with this unit are other auxiliary heat exchangers such as
intercoolers and aftercoolers. There'may also be, as in the less used air refrigerator planl,
a unit in which somę work is obtained by expanding the working fluid. This unit is not
an essential to the operation of the plant and in vapour plants is replaced by a throttle.
In the heat exchangers extęrnal hęat is either supplied to or extracted from the working fluid
inProcesses where there is a flnitę temperature difference across the heat exchanger tubes.
Similarly there may also be ęxternal heat supplied to or rejected from the working fluid
in the processęs ,of the cycle where work is transferred and here again there will be finitę
temperature differences. The greater these temperature_ differęnces the greater are the
losses in the cycle and these losses manifest themselvęs in more work input being required
than in the ideal case where the temperature differences are minimal. Another ancl most
important source of loss is due to fluid lriction, one common example of which occurs
in a throttling process wherę the kinetic energy generated due to the pressure drop is
trąnsformed into heat which is absorbed by the working fluid, Again friction losses necęs-
sitate more work input in the cycle. It is the function of this paper to analyse losses in a
general manner applicable to any refrigeration or heat pump cyćle so that relationships
for losses may be determined and studied. The results may then be applied to any actual
cycle so that the vąrious sources of losses in the cycle are pinpointed,

2. Basic thermodynamic relationships

In the analysis use.is made of the energy equatlon

ż

4"*Qf :uz-u1+ I P dI/ ,

which applies to any thermodynamic process taking place from state point 1 to state point ź.
In equation (a) q" is the external heat crossing the system boundary into the working
fluid", q, - the internal heat of friction due to the dissipation of work energy or kinetic
energy by friction foroes (1), u - itttętnal energy and P and V - pres§ure and specific
volume respectively. Equation (a) may be expressed as

Z\

! r dV - qr: Q.ł lł1- l!2_,
1

which gives the net work done in the process. For the process bętween state points 1 and 2
the entropy change is given by

(a}

(b)

2

f dq.+dq,.§^-s,: ' -,-_-------:JT (c)
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For a systern in a given thermodynamic state where the surroundings of ths sy§tem are
at a state defined by pressure Po and temperature Ą, the available ęnęrgy of the systern
is defined as the maximum work energy obtainable from the system when, in exchanging
heat with the surroundings, tt_re system finally attains state point 0. If the initial state is
state point 1 it may be shown that the available energy ,4n, is given by

A",:ut-uo*To(so-sr) (d)

For a system which is initially at state point 1 and which is subjected to any process in
rvhich it finally attains state point 2,the decrease in available energy is given by

A"r- A"r: u t - uz ł %(s, - sr) . (e)

The quantity of work given in equation (e) is the maximum work output obtainable from
the system if the system exchanges heat only with the surroundings in attaining state point 2.
Once the system is at stątę point 2, Anr-An, is then the minimum work input needed to
*eet the system back to state point 1 in a process where the only heat interaction is witlt
the surroundings.

3. The refrigeration cycle

The function of a refrigeration cycle is to maintain a.region at a temperature or tęm-
peraturęs iower than atmospheric temperąture. This region is then a heat source for a
rvorking fluid in a §ystem and in the cycle to which the system is subjected heat is finally
rejected to the atmosphere which is then the heat sink. Suppose we wish to maintain a

Io

T
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Fig, 1. Losses in the refrigeration cycle
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variable temP€rature Source (i. e. cold chambers) at temperatures Ą, to T",, all of which
are below the atmospheric or sink temperature Ą. Considęr Figure 1 in which the actuąl
cYcle is Ią2b1 so that in proce§s Ią2 all thę heat which is to be extrdcted from the source
is transferred to the working fluid. It should bę notęd that parts Im and. n2 must bę adia_
batic expansion and compression proce§se§ respectively. The heąt quantities invołved.
in the small sub-processes are dq"", at T,,r, dq"", at T""Etc., so that all the external heat
suPPlied to the working fluid is Zdq"":q"". Process 2bt isthęn the heąt rejection pfoc€§s
of the cYcle in which ą. units of heąt are transferred from the working fluid to the sink.
We wish to compare the cycle work input of this actual cycle with thąt of an ideal cycle
with the same refrigeration effect or heat supplied ą". The ideal heat supply process is
] x 2' jn which a fluid exchanges heat in a completely reversible manner with the source_
This means that in the ideal heating proces§ there is (a) no friction and (ó) no tempera-
ture difference between the working fluid and the source. At state point 2'at the end of
the ideal heating proces§, the working fluid must then complete the ideal cycle while ex-
changing heat only with the.sink which is at constąnt temperature T6. The minimum
work input to return the fluid to condition (l) is

A"r- A"r,:ttt-u?,ł To(sr,- sr) .

The work output ofprocess ] x2' js

2,

I PdV:qes+ut-lłz,.
1

The ideal cycle work input is (l) - (2), i. e.

'Wr;6.u1: ł(sr,- rr) - q"" ,

rvhere Ę(s2, - st):8.,,is the heat rejected in the ideal cycle.
For the heating proce§s, Ia2, of the actuąl cycle the work,donę is

t" rdV-qr"-qn"-u2*u1. (4)

When Process ]a2 is completed the minimum work input then needed to complete the
cycle is

A"r- A.r:1.1t- uzł Ę(sz -sr). (5)

lf the Path rePresented by equation (5) is chosen to complete the cycle, then the cycłe
work input is (5) - (a) i. e.

Wrrozr : ł(sz - §r)- 4"". (6)

For this cycle the extra work input compared with that in the ideąl cycle is (ó) - (3) or
Extra Wrrorr = To(se -sr)- ł(sr, -sr): ft(s, -s2,)

and this is the loss in the heating process of the actual cycle.

(1)

(2)

(3)

(7)
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The actuąl path cho§en
the work input is

for the heat rejection procęss is, however, path 2bl for which

1

- Iu P aV +Qp:uz-ut*Qer (S)

ąnd this work quantity is greater tlran the minimum neęded to complete the cycle, i,e,
that given by equation (5). Thus due to losses in the heat rejection proces§ of thę ąctuał
.,rcle the extra work input required is (8) - (5) or

Extra WIru, To(s, - sr) ,

Now ą" is rejected. to an infinite sink at temperature Ę and, the entropy increase
-*-_e sink is given by

.4n 
:ł(sz-s').,,

. rere si denotęs sink conditions. Thus equation (9) may be writtęn as

(10)

Extra WIrr, : To((s, - s,)", - (s, - s1)) (1 1)

i:J the total extra work input of tlre actual cycle compared with thę ideal is (11)+(7), i.e.

Extra cycle WI : ł(sz -s2,*s2";-s2).
: To(§zs - Sz,). (1ż)

For any such cycle the external heat rejected less the external heat supplied is the cycle
,_:< input and hence when one compar€s an actual cycle with an idea1 cycle where the
)Ł::.e heat is supplied, the extra work input is also thę extra heat rejected or

Q""- 4""'-- ł(Sz"i - Sz') . (13)

The same result may be obtained in a simpler mannę( by considering the irreversibilities
iT :::e processes of the actual cycle. If heat is transferręd from a soufce to a working fluid

łrr: ::e same temperature ą§ the source in a process whęre no friction occurs then there is
l,' :_et gain in entropy of the system and source takęn as an entity. Thus for an elemental
l;,l,;-- of t.lrę heating process Ia2 inwhich d4"" is removed from the source at Ę to a working
fu c at tempelature T in a process in which friction heat quantity d4ł, is generated, the
l;J:,-, of the external ąnd intęrnal ,,irreversible" changes in entropy are

(9)

of

lse_!q," , d47o

T Ę*r'
,l ',lc lor the whole heating proce§s the irreversible entropy increasę is

(14)

|,(o!._on* *4!:\.J \r ?i rJ
1

(15)
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The corresponding expressions for the heat rejection process are

dQ",

ą
dq", . dqlu

TT (16i

and

(l7)

The entrOpy changes expressed in (15) will be seen to be identical with those in (7)
so that the losses in the heating process are the increases in entropy therein times the sink
t€mperature Ę. Sirrilarly the entropy changesin(l7)are identical with those in (11) and
again the product of these and thę sink temperature gives the loss. The total cycle loss or
extra cycle work input, given by equation (12), may bę obtained from [(15)+(17)]x %.
Nolv in (i5)+(17) the terms containing Zgive the cycle change in entropyfor the system
which is zero and hence the cycle loss is

(18)

This equation indicates that to find the cycle loss we need only concęrn ourselves rvith
the net entropy increase suffered by the source and the sink. If the cycle is completely
reversible thę loss is zero and from (18)

(19}

and if Ę is constant then

Q.r' Qn" (20)

and we are dealing with a Carnot cycle.
In the actual cycle thę source was in ęfect considered to be infinite, so that wh,ęn heat

quantity dqn,is exttactęd from an individual cell of the cold chamber, the cell temperaturę
remains constant at Ts, In fąct in any actual refrigerator the low temperature region
remains at constant temperature only because the heat supplied to the system is replaced
by the same quantity of heat which leaks into the region from the atmosphere" Thus in
fact the heat quantity 4"" is obtained originaĘ from the atmosphere or sink at temperature
Ą. Hence in the cycle ą" is extracted from thę sink arld qł is rejected to the sink and
we have a cycle operating in conjunction with a single heat reservoir, i. e. the atmosphere.
For the cycle

Q",- Qns:Qlcle WI t21)

and the net ręsult of a cycle is t'hąt the sink suffęrs an incfease in entropy given by

Qn- Q"" _cycle WI
To To

l^ (!1"_dr* _d!r,\
J \r. f ' T )'

nIi,T I,T):,--nJ,b,"271

2,

!le,, f dq."
_: I a 

----To J ą
1

T"To

(22)
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Thus all the work input is degenerated to heat causing an irreversible entropy increase
given by equation (22). Since, in fact there is no other sink at a lower temperature than Ą,
ńere is no way of recovering any of this heat as work energy. Thesę latter remarks would
apply even if the cycle were ideal.

4. The heat pump cycle

In the heat pump cycle a region is maintain,ed at d temperature or temperatures above
::lat of the atmosphere. In the cycle heat is supplied to the working fluid from the atmo-
s-nhere which is then the heat source for the heating proces§ of the cycle and the region
,i maintainęd at an artificially high temperature by rejecting heat from the working fluid
:: the region in the heat rejection process of the cycle. This heat supplied to the region
:_nally leaks back to the atmosphere, Comparison of different heat pump cycles should
:e made by considering that in each cycle the sane heat is rejected.

5oURc F
Ta

3l

lsi ?

Żb | -A,CTUAL C,/CLE

?'21-|DEALcycLE

T .^,.-5Lć

Fig. 2. Losses in the heat pump cycle

-:-idering Figure 2, suppose that we wish to maintain a sink at temperatures ąir,-'_ 
-.. by supplying to the sink heat quantities dq",,, dqn,, etc. so that q",:Idq", is

Ęe :l:i: rejected by the system to the sink. Since the atmosphere is the source for the cycle,
lLr ,:eal cYcle which will effect this heat rejection process is 1xĄo 2'1, where the area
,l- ilr'* -!ę line lx2"o is the heat supplied and the area under 2'1isthę heat rejected 4",.
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The ideal cycle work input is then

Wlia""l:Q*-To(sr,-sr), (23)

rvherę 4"",-7o(sr,-sr) is the ideal heat supplied. Suppose that the actual cycle is la2bl
in which the hęat rejected in 2b] is again qet. For process 1a2 where hęąt is supplied parts
]nl and n2 arc adiabatics ąnd for 1a2 the work done is

The rlork quantity given by equation (24) is less than that wbich could have bęen obtąined
bi, taking a reversible path between 1 and ź while the system interacts with the source.
This maximum work output is given by

2

t, r dV _ qro: Q""- lł2*Il1 .
1

A"r- A"r:1,It-uz* Io(sz -sr)'.

Hence in process 1a2 Łhe loss of work output is (25) -Q4) ot

Loss of WD.o, : Ą(sz -sr)-4n": *(.r-rr- Ę)
Ftlr ProceSS 2b1 thę work input is

1

- Iu r AV +Qp:Uz-ut*4"r.
2

(24)

(25)

(26)

(27)

If the heating proce§s from 1 to 2 had been the one which produced thę maximum work
output thęn the cycle work input for the actual heat rejection ptoces§ and this ideal heating
process would be given by (27)-(25) or

cycle WIl_2 n:4",- To(sz - sr) . (28)

The loss in the heat rejection proce§s is tben (28)-(23) or

Extra Wlrrr: Ę[(sr,-s1)-(s, -sr)] (2g}

The extra work input of the actual cycle compared with the ideal is then

|t",-,;- Ę] 
(30)Extra WIru, *Loss of WDro, : Ą(sr,-s1) - Q"": Qus, 

_ s^:ToL

which is the total cycle loss.
It will be seen from equation (30) that, as the total loss increasęs, the heat supplied

reduces below the idęal value. The entropy q""|Toinequations (26) or (30) may be written as

Q."

-:(S2-§1)"o",lo
(31)
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rvhere (s2 -§r)"o. is the entropy increase suffered by a fluid which tąkes part in a complętely
revęrsiblę interaction with the source, where the heat supplied to the fluid is q"", i.e. the
heat supplied jn the actual process Ia2,

From equations (26) and (3i) the loss in the heating proce§s is then

33

Loss of workro, : %[(s, *sr) -(s, -sr)"o"]

and from equations (29) ań (31) the loss in thę heat rejection process is

Loss of workru, : 7i[(s2,_sl)-(sr-s,)] .

The total loss, from equations (30) and (31) is

(32)

(39)

(33)

Total cycle loss:ł[(sz,-sr)-(sz-sr)"o"]. (34)

These losses are shown in Figure 2 and may also be obtained from the irreversibilities
in the various proces§e§ of the cycle. Thus (32) for the heating proce§s may be written as

(35)

u:d for the heat rejection proce§s equation (33) may be written as

Loss of (36)

(37)

.ylLctr is the same as (3a).
Since in the actual cycle the heat rejected leaks back to the atmosphere, the heat

:llu:P cYcle in effect operatesin conjunction with one heat reservoir which is the atmosphere
ntn. ]br anY cYcle

Q",- Q"":c!cle work .input (38)

{!ilr[, ::e net efect in the cycle is to produce an entropy increase in the ątmosphere of

2

Loss of work,o, :T,I,1+-
l

work,u,:r"I,1T_ę '#)]

dq.ro dq""f

r - r")

F:l ńe total cycle loss (35)+(36) gives

l2

-[I,,Ę- r+J27

k:3:":"J:1" .orŁr"!Łt
To To

'głłtm.,lr an irreversible increase in entropy and is a minimum for the case of the ideal cycle.

łrl@ Tr Ł ?3
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5. Concluding remarks

Inhęrent in this method of analysis is the separation of friction losses from those due

to temperature differences. The method may therefore be used at the design stage to asses§

the effect on overall loss in the cycle of the choice of diameter in heat exchanger tubes,

since on this choice depends the pressure drop due to friction and the temperature diffe-

rence needed for heat transfer, The method may also be used to compare, on a basis of
the losses which are likely to occur, different possible plants for the same duty and finally
may be rrsed in a given plant to pinpoint the individual processes which are major contri-
butors to tlrę overall loss in the cycle.

Short illustrative examples on the analysis of losses in refrigeration and heat pump
cycles are contained in questions l and,2 and in Appendix.

Received by Editor, May, 1974.
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Appendir

1. A refrigeration circuit consists of two compressors, a condenser, two throtties and a cold
chamber and uses ammonia as the working fluid.. The intern-rediate pressures between the throttles
and the compressors are such that the temperatule of the ammonia at these points is the atmospheric
temp€rature, 60"F, which is also of course the sink temperature of heąt rejected in the cycle. The cold
chamber is maintained at a con§tant temperature of 30'F and in each cycle 458 Btu/lb ammonia is.

removed from the cold chamber to the ammonia. Thęre is no undercooling in the condenser and the

heat rejec{ed from the ammonia goós directly to the atmosphere. During evaporation in the cold cham-
ber arrd condensation in the condenser 20 deg F temperature difference is allowed for heat transfęr.

The compression in the LP compressor is adiabatic, the friction heat generated being 10 Btu/tb
ammonia and the compression linę is assumed to be straight on the fls diagram. Compression in the

HP compressor is cooled so that 10 Btullb ammonia is transferręd directly to the sink. This rejection
of heat from the ammonia coupled with the internal heat generated due to friction in the compression
proces§ is such that the state linę during compression follows an isentropic path.

Determipe the actual cycle work input needed to maintain the cold chamber at 30'F under these

circumstances. Also find the minimum cycle work input required and give a detailed account of the

lo§sęs that occur in the individual parts of the actual cycle,
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Solution. In Figure 3 a circuit diagram for the refrigerator plant is shown together with a Tls diagtam
ior tbę ammonia in the cycle.

Determination of entropy and enthalpy values of the ammonia. A1l work and heat quantities
ere in Btullb ammonia and entropy values in Btu/lb "R.

With 20 deg F temperature difference for heat transfer the evaporation tempefature is lo"F (470'R)
md rhe condensing temperature is 80'F (540'R).

.Ąt state point ó

7o:80'F .,. P6:153 Lbffir.z,

he:l32 and ss:0.2749.
.Ąt state point 1

ł:60'F .'. Pr: lO7,6lbflił,
hl:132:1,09.2+ x{627.3 * 109.2),

.'. xr:0.044l,

:. s | : 0.2322 + o.044l (r.2żg4 - 0,2322)

:0.2762.

.Ąt state point 2

ł:10'F .'. P::38.5l lbtfin',
h2:132:53.8+ xz(614.9 - 53.8),

:. X2:o.]4|2,

.'. sz:0.1208 +0. l412( 1.3 l57-0. l208)

:0.2898 .

Ąl state point 3

fu:t32+458:590,

and §3:0.2898+=: 1.2638 .
47o

3 :łnrpressio" 
'_-r, 

ł:520'R

... internal heat:l0: | ,rr:!!r^(s+-sg),
l)

3

47o+52o
.'. l0: (s+- 1.2638),.2
:,. sa:1.2840.

Tb,ese values of Ł and §4 sugge§t that point 4 is in the superheat field and at a pressure of 73.32
|M-m,: trhere the saturation temperatufe is 40'F and the saturation entropy and enthalpy 1.2618
łunr !:-jl a temperature of 60"F (20 des F superheat) gives an entropy of 1.2838 and an enthalpy
Ml t&4"95, The entropy value of 1.2838 will be taken to be identical with §4:1.2840 so that h+:634.95.

{: irate point 5

here P5:pu:153lbffin2

and s5 : J4 : 1.2840 .

fomr Ęres gsve 75.4deg F superheat and ł5:680.2.
!b ęrious enthalpy and entlopy values arĆ shown in Figure 3.

,

35
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Cycle work input:
The cycle work input is the work input in the two compressors.
For the LP cylinder, WI: h+- he:634.95 _ 590 : 44.E5.
For the HP cylinder, YłI:hs-hąłQ", +_s:680.2_634.95+ 10:55.25.

Total actual cycle work input:44.95* 55.25:100.2.
The minimum cycle work input is that for a reversed Carnot cycle between 490"R and 520'R

with 458 Btu/lb as the heat Supplied in the cycle.

Fig. 3

Thus minimum cycle work input
458: 
4gi§ż0-490):28.0.

Hence the total loss of cycle work input in the actual cycle is 100.2- 28.0:72.2,

Losses in the various parts of the cycle:
I - 2 żlaclttte |655:f6(s2-sr):520 (0.2898-0.2162):7§7,
2 -.3 loss in evaporator

:n 
[t,.-,"l-(^*)]

: szo [rr.zolt -0.2898) -1T] =20.s.t, 49o]

COLD CHA|4B|R

arrllq:l1Ę8! !1!h,6 a:rś3.0:!l.L_

caL, CHAlqBER 3a" F (4 -aO.R)

1aoF [4700R)
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l _ ::ls figure shotrld be compared with the minimum possible increase in the entropy of the atmo-

:,::: namely

idea1 cycle work inpul ż8: _:0.0538 .To 52o

]- .Ą heat pump to provide watel at 150"F from cold water at 60'F use§ Fleon 11, Heat input
-: :he atmosphere at 60'F and 20 deg F temperature difference is allowed for heat transfer in the

",_.i]|.:::or. The Freon is dry saturated at compressol suction, the compression is adiabatic with a
:ul ,_::d enthalpy increase of 22B;tullb, the condensing temperattllę is l60"F and thę Freon is under-

li :.r 100oF beforę entering the throttle valve.
_::::pare the actual work input required with the minimum which would be required with a rę-

,ll * ,: ;r,cle using an ideal fluid, then flnd the losses as they occur in the actual plant,

§:,łmion. fls diagrams for the Freon 11 and for an ideal fluid are shown in Figure 4. The pro-
nlr- jś -.i Freon 11 are shown in the table below. The pressures are in lbf/in2, enthalpies in Btu/lb
":l i ,i: j .utropies in Btu/lb "R,

saturation propertie§ of Freon l 1

'FPhthg§l§9
40 7,032 15.89 97.11 0.0346 0.1972

100 28.27 0.0580
160 61.04 41.23 111.1ż 0.0798 a.1926

Properties of superheated Freon 1l vapour at 61.04 lbflinz

180 ! 14,10 0.19?3
200 117.09 0.2019
220 120,12 0.2065

37

-i - 4 loss in LP compreg361:Ę(sa-s:):520 (1.2840- 1.2638):10.5,
_j - j loss in HP compressor

: 
" [(Ę)-{,.-,*i]

/ 10.0 \:5r0 (ź; -0): l0.0,

_'-ó condenser loss

: 
" [(#)-t".-,.)]

: 520 1680'l, 
l'2 

- (,2840 - 0.2lągl1 : z1.1,
L520l

, - 
" 

throttie |g55:7b(s1 -se):520 (0.2762-0.2749}-_0.676.
]--. iotal loss in the actual cycle is thus

7.07 +ż0.8+ 10.5 + 10.0+ 23.3 +0.676:,12.346,

_:: :he discrepancy in this figure compared with72.2 may be attributed to inaccuracies involved when

:,,:;olating in tabulated values of ammonia properties.
S;nce the heat removed from the cold ,chamber originally came f,rom the atmosphere, it fo1lows

l,-: :: one actual cycle the increase in entropy of the atmosphere is

actual cycle work input: 100.2:o.tgzt
520lo

,F
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Evaluation of the enthalpy and entropy at the various points in the Freon 1 1 circuit - see Figure 4.
Al1 enthalpies in Btuilb freon and entropies in Btu/lb "R.
At state point 

"1

At state point 2
ht:97 ,7l sl:o.1972.

hz: 97.1,1, + 22: 11,9.1l,

1l9.11-1t7.09Tz:2oo+ ' - (20)
120.72_1l7.o9, "

:2o0 +$Qo):2l3.3.F

s z : 0.2O19 + ?(0.2065 - 0.2019) : 0.2050

hs:28.27 , sr:0.0580

and

At statę point 3

At state poitt 4
h+:28,ż7 ,

:. 28.27 : t5.89 + x4(97.1,1- 15.89),

xą:0,752,

sł:0.0346 + 0 .152(0.1gt2 - 0.0346)

:0.0592.

Heat supplied from the Freon 11 to the water

= hz - hs : t19.11 - 28.27 : 90.84

and the work input requiręd

: hz- ht:22.
The ideal fluid circuit:

The water is hęated from 60"F (h.r:28.1 Btuflb water) to 150"F
hence the hęat taken in by the water is

(hl=tl7.9 Btu|b water) and

I17.9 - 28.1,: 89.9 Btu/lb water.



Losses in Refrigeration and Heat Pump Cycles

The ideal cycle which wi1l affect this heating of the water is mpnm for the ideal ffuid in Figure 4. Here
rhe ideal fluid absorbs heat from the,atmosphere in process mp at 60'F, is then compressed isentro-

pically (p - D to 150'F. Thereafter in process nmheat is rejected by the ideal fluid in a completely re-

versible manner to the water. The minimum work input in this cycle is

89.9 - 520 (0,2149 - 0.0555) : 6.9 Btu/lb water,

lllere 0.2149 and 0.0555 are the entropies ol water at 150'F and 60'F respectively.

The circrrlation of Freon 11 per pound of water is

89.8

sO.8a:0,9sq

::.d hence the work input in the actual cycle is

o.989 x22:2L 8 Btu/lb water .

T:e total 1oss of work is thus
21.8 - 6.9 = 14.9 Btu/ib water .

i:eakdown of the losses in the actuai cycle:
-Ąl1 values are in Btu/lb water.

-' - -'. loss : 520 (0.2050 - 0.1972) 0.989 :4.025 ,,

_' - -ł. loss:520 t(0.2149-0.0555)-(0.2050-0.0580) 0.989]:7.38,
_' - :, loss:520 (0.0592-0.0580) 0.989:0.625,

r (9,1 .l1 -28.27 \-|

-- l. loss:520 l(0.1972-0.0592)_' ::: |0.989:2.93."-" L,-,-- - 520 ]
:..-_;e the tota1 loss in the actual cycle is

4.025 + 7,38 + 0.625 + 2.93 : 14.96 Bttl/lb water .

Strat1,, § obi€gach chłodniczych i grzejnych

st reszczenie

pobór mocy dla zrealizowania obiegów chłodniczych 1ub grzejnych okreŚlony jest przez Para-
l-:, projektowe instalacji pompowej. Podstawą wyboru parametrów projektowych jest znajomoŚĆ

_r-_ich przemian termodynamicznych, które mają zapewnić pożąóany efekt chłodniczy lub grzejnY,

l* ..r:3nt musi jednak ocenić, w jakim stopniu procesy rzeczywiste odbiegają od procesów idealnych.

:::: niniejszego artykułujest'wyjaśnienie wpływu takich odstęp§tw na pracę włoŻoną do układu
-._ ]lzedstawienie sposobu obliczania wartości tej pracy. Opisane metody postępowania mogą bYĆ

_.i:.iane dla dowolnych obiegów. Można ich użyć do oceny strat spowodowanYch różnicami tem-

Tfl-iiJi podczas przekazywania ciepła w wymiennikach ciepła i podczas wymiany ciepła w sprężarkach
-L :1rat spowodowanych tarciem w rurach wymienników ciepła, zawotach dławiącYch, Przewodach
: :::pustach sprężarek.

flotepu B Iłl|KJIax xonoARJIbHrlKoB u TeIIJIoBbIx HacocoB

pegrorrłe

\ioruuocrl .4JL ocyu]ecTBIeHI4, IIliI(JIoB xoJloAulIbHIlKoB I{ TenfioBblx HacocoB ollpeAen eTc' B)( qpo-

i-_i"xE IIapaMeTpźlMIl. OcrroBoż Arrlł noA6opa npoe(THFlx [apaMeTpoB ĄBJIileTc 3HaHre trneźlnbHblx

f:łt:fiHaMtqecxfix flpeBpalqerrań, xoroplre AoJIxHbI o6ecneqrłrr rreo6Xo,qrłłruft xonogrłrrrrrrrft unrł
," ::a:ąrrrrń oóóext. Ogłłaro npoer<t.rłpoBllplx AoJIxeH oII€HIlTb. s raxOfi cTetreEIł AerCTBIłTerbE5IG

39
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qpoqeccbl oTłanlłll()Tc' oT trAeaJIbItBD( npoueccoB. B nacrorrqeft cTaTbe nocTźlBlleHa qenb Bbt cHIlTb BJTtr_

'IłEe 
Ta'xD( oTKJIoEeTrrń Ea Pa6oTY 3aTPaqeHHFo B cDcTeMe, a Taxxe ITpeAcTaBIłTb aooaoo puoqeTa sEaqeEBfi eroŹ Pa6oru. EPe4craenear*te Mero/qll flpon3Bo.qcTBa voryr 6rrrr np^n"oaror'.rp"

łro6ołr Ęlxłe, źlx Ta*'*e Mox'o ĘPIłMeHETB qplł oIIeHKe troTepr, BhBBaffIIbIx p*""o"t ,"rrr"p*r'yp
BO BPeM' oTAątM Te[fla B teuloo6vengllxax n Bo BPeMrI renrroo6veua B l(oMllpeccopźu(, a Ta1xe noTepb,BEBBaEEIix TPeIIEeM B rPY6ax rerrłoo6łreunrłroB, B Ą)occeJIbE_EIx KJIaIIaHax, B TpyBoITpoBoAźrx E B IIpo-
trycKax KoMrrpeccopoB.


