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JOHN H. NEILSON, ROBERT A. CRAWFORD

Glasgow*

Losses in Refrigeration and Heat Pump Cycles

The designer of refrigeration or heat pump plants must have a clear understanding of how his
shoice of design parameters for the plant will effect the power input needed to run the plant. Knowing
= the first instance the combination of ideal processes which will give the desired refrigeration or
neating effect he must then evaluate how the actual processes involved depart from the ideal. It is the
fanction of this article to explain how these departures from the ideal in any given process contribute
10 the cycle work input and to state clearly how this work quantity may be calculated. The methods
described can be universally applied. Théy can be used to evaluate losses due to the temperature dif-
ferences needed for heat transfer in heat exchangers, losses due to heat transfer from or to the working
Suid in compressors and losses due to friction effects such as those occurring in heat exchanger tubes, .

throttle valves and lines and in the ports of the compressor.

Notation

A, — available energy, Suffixes
e »Ereisure, . e — external, 5,50 — source,
1= e:x quanuy; f — friction, soc — relating to ideal fluid,
%o SN 0 — atmosphere, X' — denotes ideal value of x.
T — temperature, r — rejected
u# — internal energy, Vi ec;
V — volume, : s :

si — sink,

WI — work input.

1. Introduction

The purpose of a refrigeration plant is to maintain a region at an artificially low tem-
perature with respect to the prevailing atmospheric temperature, while that of a heat
pump plant is to maintain a region at a temperature higher than atmospheric. Both plants
contain similar elements which are needed to force the working fluid through a cycle.
In each plant there are ‘two principal heat 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

¢
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26 J. H. Neilson, R. A. Crawford

popular vapour refrigeration plant these are the codenser and evaporator respectively.
The other principal feature is a unit in which work energy is transferred to the 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 plant,
a unit in which some 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 external heat is either supplied to or extracted from the working fluid
in processes where there is a finite temperature difference across the heat exchanger tubes.
Similarly there may also be external heat supplied to or rejected from the working fluid
in the processes of the cycle where work is transferred and here again there will be finite
temperature differences. The greater these temperature differences the greater are the
losses in the cycle and these losses manifest themselves in more work input being required
than in the ideal case where the temperature differences are minimal. Another and most
important source of loss is due to fluid friction, one common example of which occurs
in a throttling process where the kinetic energy generated due to the pressure drop is
transformed into heat which is absorbed by the working fluid. Again friction losses neces-
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 cycle so that relationships
for losses may be determined and studied. The results may then be applied to any actual
cycle so that the various sources of losses in the cycle are pinpointed.

2. Basic thermodynamic relationships

In the analysis use is made of the energy equation
2 : .
go+q,=u,—u;+ [ PdV, , ; (a)
o il <

which applies to any thermodynamic process taking place from state point / to state point 2.
In equation (a) ¢, is the external heat crossing the system boundary into the working
fluid, ¢, — the internal heat of friction due to the dissipation of work energy or kinetic
energy by friction forees (1), u — internal energy and P and ¥ — pressure and specific
volume respectively. Equation (a) may be expressed as

N

2 = S
i“PdV_Qf=Qe+ul_“2-= > 5 (b)

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

dg,+d
S2_31=fi——q—f- (C)
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For a system in a given thermodynamic state where the surroundings of the system are
at a state defined by pressure P, and temperature 7, the available energy of the system
is defined as the maximum work energy obtainable from the system when, in exchanging
heat with the surroundings, the system finally attains state point 0. If the initial state is
state point / it may be shown that the available energy A4,, is given by

A, =us—ug+ To(so—sy). (d)

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

Ay — A, =t —u,+To(s,—51). ' (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 state point 2, 4,, —4,, is then the minimum work input needed to
get the system back to state point / in a process where the only heat interaction is with
the surroundings. .

3. The refrigeration cycle

The function of a refrigeration cycle is to maintain a region at a temperature or tem-
peratures lower than atmospheric temperature. This region is then a heat source for a
working fluid in a system 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

SOURCE
I T
Tsy| Ty L Ty
/\ .
T 1o Y . 25 T,
5 = USRNSSR 777 2 77 7 ]
IDEAL ] o
= = WORK INPUT ° |l man2b| — ACTUAL CYCLE
Sl s e la 2y | — IDEAL CYCLE
a9 o i
isd N e
C LOS'S IN
XL/ ¥ HEAT
%#OESET/N [ REJECTION
S50 | PRocess
Neakae
3
|
| SiNK b

Fig. 1. Losses in the refrigeration cycle



28 J. H. Neilson, R. A. Crawford

variable temperature source (i. e. cold chambers) at temperatures T, to T, all of which
are below the atmospheric or sink temperature 7,. Consider Figure 1 in which the actual
cycle is 1a2b1 so that in process /a2 all the heat which is to be extracted from the source
is transferred to the working fluid. It should be noted that parts Im and n2 must be adia-
batic expansion and compression processes respectively. The heat quantities involved
in the small sub-processes are dq,,, at T,,, dq.,,, at T, etc., so that all the external heat
supplied to the working fluid is Zdg, =g,,. Process 2b1 is then the heat rejection process
of the cycle in which g,, units of heat are transferred from the working fluid to the sink.
We wish to compare the cycle work input of this actual cycle with that of an ideal cycle
with the same refrigeration effect or heat supplied g,,. The ideal heat supply process is
Ix2" in which a fluid exchanges heat in a completely reversible manner with the source.
This means that in the ideal heating process there is (@) no friction and (b) no tempera-
ture difference between the working fluid and the source. At state point 2’ at the end of
the ideal heating process, the working fluid must then complete the ideal cycle while ex-
changing heat only with the sink which is at constant temperature 7,. The minimum
work input to return the fluid to condition (1) is

Ae‘—A€2,=u1_‘u2f+T0(521—51). (1)

The work output of process I x 2" is
2’ =
deV=qes+u1_u2" (2)
it ’ i

The ideal cycle work input is (1) - (2), i. e.
Whigear=To(52:—51) — 4,55 (3

where To(s;:—s1)=¢,, is the heat rejected in the ideal cycle.
For the heating process, la2, of the actual cycle the work done is

2 >
!anV_—qfazqes—uZ_f—ul' (4)

When process Ia2 is completed the minimum work input then needed to complete the
cycle is

A, — A, =ui—u, + To(s,—s,). &)

If the path represented by equation (5) is chosen to complete the cycle, then the cycle
work input is (5) - (4) i-e.

W01 =Tol5,~ 51) — s (6)
For this cycle the extra work input compared with that in the ideal cycle is (6) - (3) or

Extra Wl 5, =To(s, —5;) — To(s5: —51) = Ty(s5, — 55.) @)

and this is the loss in the heating process of the actual cycle.
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The actual path chosen for the heat rejection process is, however, path 257 for which
the work input is

- -
= ijdV+qu=u2_u1+Qer : (®)
2

and this work quantity is greater than the minimum needed to complete the cycle, i.e.
that given by equation (5). Thus due to losses in the heat rejection process of the actual
cycle the extra work input required is (8) - (5) or

Extra Wl,;; =g, — To(s,—5;) - )

Now ¢, is rejected to an infinite sink at temperature T, and the entropy increase of
the sink is given by
Ger= TO(SZ = Sl)si - (10)

»here si denotes sink conditions. Thus equation (9) may be written as
Extra Wy, = To((sz *51)si“(52—51)) ' €89}
and the total extra work input of the actual cycle compared with the ideal is (11)+(7), i.e.

Extra cycle WI="Ty(s;—$5 +525—52)>
=To(825i~$2) - - : (12)

For any such cycle the external heat rejected less the external heat supplied is the cycle
work input and hence when one compares an actual cycle with an ideal cycle where the
seme heat is supplied, the extra work input is also the extra heat rejected or

Ger —Ger= TO(SZSi_SZ’) * - (13)

The same result may be obtained in a simpler manner by considering the irreversibilities
= the processes of the actual cycle. If heat is transferred from a source to a working fluid
&t the same temperature as the source in a process where no friction occurs then there is
ne net gain in entropy of the system and source taken as an entity. Thus for an elemental
pert of the heating process /a2 in which dg,, is removed from the source at T, to a working
fleid at temperature T in a process in which friction heat quantity dg,, is generated, the
sem of the external and internal ,,irreversible” changes in entropy are

o0 7

dqes_ dQes dqfa (14)

W “nat for the whole heating process the irreversible entropy increase is

2

dg,, dq. d ‘
- ~'ge_s_ Qes+ qfa : (15)
T 97 T
t ]
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-

The corresponding expressions for the heat rejection process are

dq, dq. d

4o, i -

T T

and

1

dqer dqer dqu :

: : 17

J (To e L ; -
2 >

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
temperature 7,. Similarly the entropy changes in (17) are identical with those in (11) and
again the product of these and the sink temperature gives the loss. The total cycle loss or
extra cycle work input, given by equation (12), may be obtained from [(15)+(17)] x Tp.
Now in (15)+(17) the terms containing 7" give the cycle change in entropy for the system

which is zero and hence the cycle loss is
1 2 2

dq dq dq
phdy T i e | e 18
O[Jv T, J Ts] - OJ T ( )‘
2 1 ik

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

ol f dd. (19)
Ty 1
1
and if T, is constant then :
qer’= qes (20)
I, T,

and we are dealing with a Carnot cycle.

In the actual cycle the source was in effect considered to be infinite, so that when heat
quantity dg,, is extracted from an individual cell of the cold chamber, the cell temperature
remains constant at T,. In fact 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 g, is obtained originally from the atmosphere or sink at temperature
T,. Hence in the cycle ¢, is extracted from the sink and ¢,, 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 :

Jer—ges=0ycle WI (21)

and the net result of a cycle is that the sink suffers an increase in entropy given by

Ger —Ges o cycle WI - (22)
T T
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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 7,
there is no way of recovering any of this heat as work energy. These latter remarks would
apply even if the cycle were ideal.

4. The heat pump éycle

In the heat pump cycle a region is maintained at a temperature or temperatures above
that of the atmosphere. In the cycle heat is supplied to the working fluid from the atmo-
sphere which is then the heat source for the heating process of the cycle and the region
's maintained at an artificially high temperature by rejecting heat from the working fluid
to the region in the heat rejection process of the cycle. This heat supplied to the region
Snally leaks back to the atmosphere. Comparison of different heat pump cycles should
2e made by considering that in each cycle the same heat is rejected.

SOURCE
Ty
5
lma n 2b | — ACTUAL CYCLE
b e -
T ! loe 72, 2 2| IDEAL cyelE
B ~
i ‘
v = 2 '
B = e ‘ ——— 2
si2 f IDEAL TR :
’ . WORK INPUT,
v
o m n y
= a\ e e Zs0
\_, ALOSS IN
1055 N R HEAT
- HEAT REJECTION
SUPPLY RPROCESS
PROCESS N
iS5
T5[1 Tsiz 7:;,'2

SINK

Fig. 2. Losses in the heat pump cycle

—onsidering Figure 2, suppose that we wish to maintain a sink at temperatures 7;, ,
s=- 1.2- by supplying to the sink heat quantities ..., dq4,,, etc. so that q,.=(dq,, is
neat rejected by the system to the sink. Since the atmosphere is the source for the cycle,
“ Zzal cycle which will effect this heat rejection process is 1 x 2, 21, where the area
wiier the line Ix 2, is the heat supplied and the area under 2’/ is the heat rejected q,,.
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The ideal cycle work input is then
Wlidear=Ger— To(s2:—51) 5 (23)

where g, =To(s2-—5;) is the ideal heat supplied. Suppose that the actual cycle is 1a2bl
in which the heat rejected in 2b1 is again g,,. For process /a2 where heat is supplied parts
Im and n2 are adiabatics and for /a2 the work done is

2
yanV—qfazqes_u2+u1' (24)
1

The work quantity given by equation (24) is less than that which could have been obtained
by taking a reversible path between I and 2 while the system interacts with the source.
This maximum work output is given by

Ael_Ae2=ul_u2+TO(SZ_S1)' X (25)
Hence in process a2 the loss of work output is (25)—(24) or

Loss of WD ,,=T4(s,—51)—q..=T, (sz—sl— %) . (26)
0

For process 2b1 the work input is

1 ; <
o §b PdV+qu=u2~u1+qey. (27)
2

If the heating process from / to 2 had been the one which produced the maximum work
output then the cycle work input for the actual heat rejection process and this ideal heating
process would be given by (27)—(25) or

cycle WI, 5 =4, — To(s3—5y) . (28)

The loss in the heat rejection process is then (28)—(23) or
Extra Wl =To[ (s —s1)—(s2—51)]- (29)

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

Extra W,y +Loss of WD, =To(85:—51) —~des=ges—ges=To [(52' —5)— %;e‘i] (30)
0
which is the total cycle loss.
It will be seen from equation (30) that, as the total loss increases, the heat supplied
reduces below the ideal value. The entropy q,,/T, in equations (26) or (30) may be written as

‘—=(SZ v_sl)soc ’ = | (31)
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where (5, —$1)sc 18 the entropy increase suffered by a fluid which takes part in a completely
reversible interaction with the source, where the heat supplied to the fluid is g, i.e. the
heat supplied in the actual process /a2.

From equations (26) and (31) the loss in the heating process is then

Loss of work,, =To[(5,—51)—(52—51)s0c] (32)
and from equations (29) and (31) the loss in the heat rejection process is
Loss of work,,; =Tp[ (s, —51)—(s,—5,)]. (33)
The total loss, from equations (30) and (31) is
Total cycle loss=To[ (s, —51)— (5, —51)s0c] - (34)

These losses are shown in Figure 2 and may also be obtained from the irreversibilities
n the various processes of the cycle. Thus (32) for the heating process may be written as

2

dqes dqfa dqes
f a L “T % S 35
LOSS (6] WOI'kl o 10 J‘ ! =+ - ( )

1

2ad for the heat rejection process equation (33) may be written as

1

dq. (dq. dqy
Loss of o, Tolel o = 36
0s work,, OJ[Tsi (T = (36)
2
For the total cycle loss (35) +(36) gives
it 2

d d
To b qer_ = qe.? (37)
I, Ty
2 1
-h is the same as (34).

Since in the actual cycle the heat rejected leaks back to the atmosphere, the heat
sump cycle in effect operates in conjunction with one heat reservoir which is the atmosphere
amd for any cycle

ger—q.s=cycle work input (38)
W% he net effect in the cycle is to produce an entropy increase in the atmosphere of

q.—q,s cycle work input
T = 5

(39)

WL s an irreversible increase in entropy and is a minimum for the case of the ideal cycle.

S TN z. 73
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5. Concluding remarks

Inherent 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 assess
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 used in a given plant to pinpoint the individual processes which are major contri-
butors to the overall loss in the cycle.

Short illustrative examples on the analysis of losses in refrigeration and heat pump
cycles are contained in questions 1 and 2 and in Appendix.

Received by Editor, May, 1974.
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Appendix

1. A refrigeration circuit consists of two compressors, a condenser, two throttles and a cold
chamber and uses ammonia as the working fluid. The intermediate pressures between the throttles.
and the compressors are such that the temperature of the ammonia at these points is the atmospheric
temperature, 60°F, which is also of course the sink temperature of heat rejected in the cycle. The cold
chamber is maintained at a constant temperature of 30°F and in each cycle 458 Btu/lb ammonia is
removed from the cold chamber to the ammonia. There is no undercooling in the condenser and the
heat rejected from the ammonia goes directly to the atmosphere. During evaporation in the cold cham-
ber and condensation in the condenser 20 deg F temperature difference is allowed for heat transfer.

The compression in the LP compressor is adiabatic, the friction heat generated being 10 Btu/lb
ammonia and the compression line is assumed to be straight on the T/s diagram. Compression in the
HP compressor is cooled so that 10 Btu/lb ammonia is transferred directly to the sink. This rejection
of heat from the ammonia coupled with the internal heat generated due to friction in the compression
process is such that the state line during compression follows an isentropic path.

Determine 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
losses 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 7/s diagram
for the ammonia in the cycle.

Determination of entropy and enthalpy values of the ammonia. All work and heat quantities
zre in Btu/lb ammonia and entropy values in Btu/lb °R.

With 20 deg F temperature difference for heat transfer the evaporation temperature is 10°F (470°R)
snd the condensing temperature is 80°F (540°R).

At state point 6

—80°F - - B 153 hifin",
he=132 and s5,=0.2749.
At state point /

T 600K - P 076,
1321092 +x (627.3-1092)
. xr=0.0441,
" 51=0.232240.0441(1.2294—0.2322)
=0.2762.
At state point 2
B0 =P - 185libiin

hy=132=53.8+x,(614.9—53.8),
. x,=0.1412,
" $,=0.1208+0.1412(1.3157 —0.1208)

=0.2898.
A1 state point 3 =

hs=1324+458=590,

458
and 53=0.2898+-——=1.2638.
470
* compression 3—4, T,=520°R

4

= T+ T.
*. internal heat=10= J T :

(s54—53),

3

470+520
s (sa— 1.2638),

| 5.=1.2840.

These values of T, and s, suggest that point 4 is in the superheat field and at a pressure of 73.32
“““ ! ‘m° (where the saturation temperature is 40°F and the saturation entropy and enthalpy 1.2618
t _~ a temperature of 60°F (20 deg F superheat) gives an entropy of 1.2838 and an enthalpy
"% 55, The entropy value of 1.2838 will be taken to be identical with s, =1.2840 so that A, =634.95.

i state point 5

here  Ps=Ps=153 Ibf/in”
and Ss=84= 1.2840.

give 75.4 deg F superheat and /hs=1680.2.
% warious enthalpy and entropy values are shown in Figure 3.




36 J. H. Neilson, R. A. Crawford

Cycle work input:

The cycle work input is the work input in the two compressors.

For the LP cylinder, WI=/hA,—hs=634.95—590=44.95.

For the HP cylinder, WI=hs— 4+ qer 2 5s=680. ”~—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.

3
COLD CHAMBER

THROTTLE
LP COMPRESSOR

THROTTLE () HP COMPRESSOR

CONDENSER

ATION LiNg

R
oy A = 680.2
he=132 6 CONDENSER 80%  (540°R) e
h,=132 x ATMOSPHERE = SINK 60°F (520°R) — 4 £,=634.95
LP
T SOURCE\- COLD CHAMBER 30°F (490°R)
‘ EVAPORATOR 10°F (470°R) e
hy =132 2 (3 hy =590
i
0.2749] 0.289% - 1.2638 1.2840
{ 9
0.2752
Fig. 3

Thus minimum cycle work input

458('20 490)=28.0
=—(520— =28.0.
490

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:
1 - 2 throttle loss= To (s, —s51) =520 (0.2898 —0.2762)=7.07,
2 - 3 loss in evaporator

=T, [(53 —Sz)_( ;es )]
50
458

=520 [(1 2638—0. 2898)—%] 20.8,
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3 -4 loss in LP compressor= T, (s, —s53) =520 (1.2840—1.2638)=10.5,
£ -5 loss in HP compressor

=To [( q]i;)“(ss—&)]

10.0
=520 ———0}=10.0,
520

5 - 6 condenser loss

=1, [( L:];,; ) = (85 _56)]

680.2—132
=520 | ———(1.2840-0.2749) | =233,

s - I throttle loss= To(s; —s6) =520 (0.2762 —0.2749) =0.676.
The total loss in the actual cycle is thus®

7.07+20.8+10.5+10.0+23.340.676=72.346.

wni the discrepancy in this figure compared with 72.2 may be attributed to inaccuracies involved when
werpolating in tabulated values of ammonia properties. :
Since the heat removed from the cold chamber originally came from the atmosphere, it follows

w2t in one actual cycle the increase in entropy of the atmosphere is

actual cycle work input_ 100.2
1 520

=0.1921

¢ this figure should be compared with the minimum possible increase in the entropy of the atmo-

pinere namely

ideal cycle work input 28
=-—=0.0538.
To 520 ;

2. A heat pump to provide water at 150°F from cold water at 60°F uses Freon 11. Heat input
he atmosphere at 60°F and 20 deg F temperature difference is allowed for heat transfer in the
tor. The Freon is dry saturated at compressor suction, the compression is adiabatic with a
=d enthalpy increase of 22 Btu/lb, the condensing temperature is 160°F and the Freon is under-
£ to 100°F before entering the throttle valve.

_ampare the actual work input required with the minimum which would be required with a re-
v cycle using an ideal fluid, then find the losses as they occur in the actual plant.

Selution. T/s diagrams for the Freon 11 and for an ideal fluid are shown in Figure 4. The pro-
W= of Freon 11 are shown in the table below. The pressures are in 1bf/in?, enthalpies in Btu/lb -
» 2nd entropies in Btu/lb °R.
Saturation properties of Freon 11
°F P hy h Sy 5y

g
40 7.032 15.89 9711 0.0346 0.1972
100 28.27 0.0580
160 61.04 41.23 111.12 0.0798 0.1926
Properties of superheated Freon 11 vapour at 61.04 1bf/in2
°F h S
180 114.10 = 0.1973
200 117.09 0.2019

220 120.12 0.2065
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Evaluation of the enthalpy and entropy at the various points in the Freon 11 circuit — see Figure 4.
All enthalpies in Btu/lb freon and entropies in Btu/lb °R.
At state point I

hi=97.11 5, —0.1972.
At state point 2

hy=97.11+22=119.11,

T, =200+ 119.11-117.09 0)
= 1201 1179 -

=200+%(20)=213.3°F
and
55, =0.2019 4+ %(0.2065 —0.2019) = 0.2050
At state point 3
A —2827. 5:—0.0580

At state point 4
he=2827

. 28.27=15.89+x4(97.11—15.89),
x,=0.152,
54=0.0346+0.152(0.1972—0.0346)
=0.0592. '
Heat supplied from the Freon 11 to the water
=hy—h3=119.11—-28.27=90.84
and the work input required
=h,—h;=22. -
The ideal fluid circuit:

The water is heated from 60°F (h,=28.1 Btu/lb water) to 150°F (hy=117.9 Btu/lb water) and
hence the heat taken in by the water is

117.9-28.1=89.9 Btu/lb water.

= 2
150°F, 160.F

= T 100°F
60°F
m P 40°F 1
s 4 \
s s

IDEAL FLUID FREON 1

Fig. 4
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The ideal cycle which will affect this heating of the water is mpnm for the ideal fluid in Figure 4. Here
the ideal fluid absorbs heat from the atmosphere in process mp at 60°F, is then compressed isentro-
pically (p - n) to 150°F. Thereafter in process nm heat 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,

where 0.2149 and 0.0555 are the entropies of water at 150°F and 60°F respectively.
The circulation of Freon 11 per pound of water is
89.8

——=0.989
90.84

and hence the work input in the actual cycle is

0.989 x22=21.8 Btu/lb water.
The total loss of work is thus
21.8—6.9=14.9 Btu/lb water.

Breakdown of the losses in the actual cycle:
All values are in Btu/lb water.
7 - 2. loss=520 (0.2050—0.1972) 0.989=4.025,
2 - 3. loss=520 [(0.2149 —0.0555) — (0.2050 — 0.0580) 0.989] =7.38,
3 - 4, loss =520 (0.0592—0.0580) 0.989=0.625,

(97.11—-28.27)

&1, loss=520 |(0.1972—0.0592)—
520

] 0.989=2.93.

#i-nce the total loss in the actual cycle is

4,025+ 7.38+0.625+2.93=14.96 Btu/Ib water.

Straty w obiegach chlodniczych i grzejnych
Streszczenie

Pobor mocy dla zrealizowania obiegéw chlodniczych lub grzejnych okreslony jest przez para-
weirv projektowe instalacji pompowej. Podstawa wyboru parametrow projektowych jest znajomosc
2invch przemian termodynamicznych, ktore maja zapewni¢ pozadany efekt chiodniczy lub grzejny.

=m niniejszego artykulu jest wyjasnienie wplywu takich odstepstw na prace wiozona do ukiadu
.- przedstawienie sposobu obliczania wartosci tej pracy. Opisane metody postepowania moga byc
sowane dla dowolnych obiegéw. Mozna ich uzy¢ do oceny strat spowodowanych roéznicami tem-
ur podczas przekazywania ciepla w wymiennikach ciepla i podczas wymiany ciepta w sprezarkach
2= strat spowodowanych tarciem w rurach wymiennikow ciepta, zaworach dlawiacych, przewodach
s-zepustach sprezarek.

HOTCPH B IHKJAX XO0JIOJH/JILHHKOB H TEIIOBBIX HACOCOB

Pe3omMme

MOMIHOCTD AJIS OCYlECTBIIEHHs LUKIIOB XOJOAMIBHUKOB U TEMJIOBBIX HACOCOB ONPEAETISAETCS MX HPO-
wossnim mapamMerpaMu. OcHOBOM It moAbopa MPOEKTHBIX NapaMeTpOB SABIIAETCS 3HAHWE UCATBHBIX
\e0 THHAMEYECKUX TPEBPALICHUN, KOTOPHIE NOJDKHBL 0GECHEYnTh HEOOXOMMMBIH XONOAWIBHBLL HIIH
sumsrenHsi 9(dexT. ONHAKO MPOEKTHPOBINMK HNOJDKEH OLEHHTE, B KAKOH CTemeHU NEHCTBHTENBHEIE
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HPONECCEI OTIIMYAIOTCA OT UAEANBHEIX IPOLIECCOB. B HACTOAINEH CTATHE HOCTABIIEHA Li€JIb BBISICHHTH BIIH-
AHUC TaKMX OTKIOHEHHH HAa paboTy 3aTPAuCHHYIO B CHCTEME, & TaKiKe TPEACTaBUTH CHOCOG pac-
H4CTa 3HAYCHUS STOM paborer. ITpeNCTABICHHBIC METOXBI NPOM3BOICTBA MOTYT OBITH NPUMEHEHEI NP
ToGoM mukie. Vx Taxke MOKHO HIPUMEHHTSH HOpU OLEHKE TOTEph, BHI3BAHHEIX PA3HMIEH TeMIepaTyp
BO BPEM# OTZAA4M TEIlIa B TENJIOOOMEHHMKAX ¥ BO BPEMs TEIIIO0OMEHA B KOMIIPECCOPAX, 2 TAKXKE IOTEPD,
BBISBAHHBIX TPEHMEM B TPY0ax TEINIOOGMEHHUKOB, B IPOCCENBHEIX KJIanaHax, B TPYBOIPOBOAAX K B IIPO-
IYCKax KOMITPECCOPOB.



