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THE SINGLE-EFFECT REGENERATIVE ABSORPTION REFRIGERATION CYCLE 

ABSTRACT 

A new absorption cycle , using heat as the energy source, was 

proposed to produce refrigeration. This proposed cycle, referred to as 

the single-effect regenerative absorption cycle or cycle lR, has a 

performance much superior to the well-known basic absorption cycle, 

namely: the coefficient of performance (COP) is higher at higher 

input temperatures and the "cut-off" input temperature is very much 

lower . The cycle lR operates with a multistage boiler and a multi-

stage absorber in such a way that each stage of the heat input and 

heat rejection processes of the cycle occurs essentially at constant 

temperature rather than at constant pressure. The greatest part of 

the high pressure refrigerant vapor subsequently condensed is generated 

in an adiabatic multi-section regenerator rather than in the boiler 

(or the generator). The greatest part of the heat necessary to generate 

the high pressure refrigerant vapor comes from the absorption of the 

evaporator vapor by the very weak solution leaving the boiler. This 

absorption process occurs in the regenerator. Because the regenerator 

is adiabatic, the cycle receives and rejects heat at essentially 

constant temperatures. Therefore, the COP of the cycle approaches the 

Carnot COP. 
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NOMENCLATURE 

m mass flow rate relative to the mass flow rate of line 1, Figure 3. 

h enthalpy, Btu/lb 

x = concentration, lb NH3/1b of mixture 

TB = highest temperature of the solution in the boiler, OF 

TE lowest saturated temperature in the evaporator, OF 

TC=TO = lowest saturated temperature in the condenser or in the 
absorber, OF 

COP = coefficient of performance = qE/qB 

qB total heat input to the boiler 

qE = total heat input to the evaporator 

P
E 

evaporator pressure, psia 

Pc condenser pressure, psia 
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INTRODUCTION 

The single-effect regenerative absorption refrigeration cycle 

(or cycle lR) is a new absorption cycle that has better performance 

at high input temperatures than the well-known basic absorption cycle. 

The cycle lR also has a substantially lower "cut-off" generator 

temperature. 1 
Although the basic single-effect absorption cycle has 

been used for decades as a means to produce refrigeration, using heat 

as the energy source, it has two undesirable characteristics,l namely, 

the almost constant coefficient of performance (COP) with increasing 

input temperatures, and the cut-off input temperatures below which the 

basic cycle ceases to operate. Because of these deficiencies, for 

solar energy applications the basic cycle cannot benefit from the 

development of efficient high temperature collectors, and cannot be 

used during considerable periods when the insolation is low. The 

cycle lR's much higher COP at high input temperatures and workable 

COP at very low input temperatures largely eliminate the shortcomings 

of the basic cycle. 

DESCRIPTION OF CYCLE lR 

The cycle lR consists of nine processes (Figure 1): 

1. Process B. This is an approximately constant, high temperature 

heat input process called the boiling process. In 

Figure 1 this process starts from station III and ends 

at station IV, going along the constant temperature 

line at TB = 270°F. At station III the solution is 
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heated to TB at pressure level 8. No further boiling 

is possible at this pressure leve l because the tempera-

ture of the solution has reached the highest value 

obtainable from the heat source. Further boiling is 

possible only when the solution is throttled down to 

the successive pressure levels 7, 6, 5 ... 1. Pressure 

level 8 corresponds to the condenser pressure Pc' and 

level 0 corresponds to the evaporator pressure P
E

' Th e 

temperature span through which the solution boils 

depends on the number of pressure leve ls existing 

between the condenser and the evaporator pressures 

(in Fig. 1, eight pressure levels are shown). Fewer 

pressure levels are needed if this temperature span is 

allowed to increase at the expense of the performance. 

2. Process G. The generation process produces refrigerant vapor at 

essentially constant high pressure. In Figure 1 this 

process starts from s tation II and ends at stati on III, 

going along the essentially constant pressure line at 

P ~ 247 psia. Th e difference in pressure between 
C 

stations II and III represents the pre ssure drop across 

the flow path of generation process G. The high 

pressure vapor generated can be collected once at 

station III or s uccessively at many locations along the 

generation process. 
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3. Process A. This process occurs at essentially constant low pressure 

for the absorption of refrigerant vapor. Th e ab s orption 

process shown in Figure 1 starts from station IV and 

ends at station I, going along the essentially constant 

pressure line at P ~ 73 psia. The difference in 
Evap. 

pressure between stations IV and I represents the 

pressure drop across the flow path of the absorption 

process. The vapor to be absorbed comes from the 

evaporator and is fed once at station IV or successively 

at many locations along the absorption process. 

4. Process R. The absorbent return process is a multi-pressure-stage 

process for the return of the absorbent to the absorption 

process A via the boiling process B. In Figure 1 this 

process starts from station I and ends at station III, 

going along the multi-stage diagonal. A pressure stage 

of the absorbent return process R corresponds to each 

pressure stage of the boiling precess B. During this 

process R vapor can be generated or absorbed, depending 

on the temperatures T
B

, TC and TE 

5. Process E. This is a multi-pressure-stage process for the 

absorption or generation of vapor, depending on the 

needs of process R. It is called temperature 

equalization. In Figure 1 this process starts from 

station IV (or from station II) and ends at station II 

(or at station IV), along the multi-stage diagonal. 
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A pressure stage of this process E corresponds to each 

pressure stage of the boiling process B. Pumping or 

expansion is required , depending on the direction of 

process E. 

6. Process S. Occurring at approximately constant ambient temperature 

for heat rejection, the resorption process starts from 

station I and ends at station II (Figure 1), going along 

the constant temperature line at T ~ 110°F. Each 
o 

pressure stage of this process corresponds to a 

pressure stage of process B. The vapors absorbed in 

this process come from processes Band R (or B and E) . 

7. Process C. This is the condensation process of the refrigerant 

vapor at high pressure. 

8. Process V. This is the evaporation process, at low pressure, of 

the refrigerant liquid coming from the condenser for 

the production of refrigeration. 

9. Process P. This is the precooling process: the very strong 

solution at station II is bled from high pre ssure to 

the evaporator pressure and then mixed with the cold 

vapor exiting the evaporator. This i s us ed for 

precooling the liquid refrigerant leaving the condenser. 

HEAT EXCHANGERS USED IN CYCLE lR REFRI GERATORS 

The heat exchangers used in cycle lR refrigerators are ( see 

Figure 2): 
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1. A boiler in which the heating medium (heat source) transfers heat 

to boiling process B. 

2. A multi-section regenerator in which the G, A, R, and E pro,cesses 

exchange heat. Processes Rand E occur at constant pressure in 

each section of the regenerator. Processes G and A occur at 

essentially unchanged pressures throughout all the sections of the 

regenerator. Two multistage pumps are used to pump the products 

of Rand E from each pressure level of each section of the 

regenerator to the next. The number of sections in the regenerator 

is equal to the number of pressure levels minus two. In Figure 2 

there are nine pressure levels; therefore, the regenerator has seven 

sections. Eight pressure levels, labeled from 1 to 8, are located 

at the pump boxes while the ninth level, the lowest pressure level, 

is located at the evaporator (labeled 0 in Figure 1). Process A 

and (if operating temperatures permit) process E are absorption 

processes that reject heat to processes G and R. Depending on 

operating temperatures, processes Rand E can be either absorption 

or generation processes. 

3. A vapor heat exchanger (vapor HEX.) in which the hot vapors 

collected at the end of process G and from pressure level 8 of the 

boiler exchange heat with the warm vapor exiting the precooler. 

The condensate given up by the hot vapor is returned to station III, 

possibly by gravity. 
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4. An absorber where the resorption process 8 is cooled by ambient 

air. A multi-stage pump is used here to pump the rich solution 

from one pressure level to the next. 

5. A condenser cooled by ambient air. 

6. An evaporator. 

7. A precooler. 

OPERATION OF THE CYCLE lR REFRIGERATOR 

The operation of the single-effect regenerative absorption cycle 

is described below and can be traced by reference to labels in Figure 2. 

The letters A, B, C, E, G, R, 8, V represent the cycle processes, the 

numbers 0, 1, 2, 8 represent the pressure levels and the roman 

numerals I, II, III, IV represent the main reference stations where 

the processes start or end. 

1. Vapor generation 

The very strong solution at station II is circulated through the 

regenerator sections in series (shell side of the heat exchangers 

labeled G). It receives heat from the counterflow processes A and E, 

and therefore starts boiling from station II to station III. At 

station III the vapor generated by process G is diverted to the vapor 

HEX., and the remaining solution expands to the suction line at stage 

8R of pump R. There, it mixes with the solution at the outlet of 

process R. This mixture is then pumped to the boiler in which boiling 

process B occurs. At the end of each coil of the boiler, the solution 

becomes weaker and weaker. Because the boiling process is intended 
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to maintain constant temperature, the pressure must be reduced to 

allow the boiling of the weaker solution. To effect pressure reduction, 

restrictors are used at B7, B6, Bl. Vapors are collected at each 

pressure stage of boiling process B to be diverted subsequently, at 

essentially the same pressure level, to the corresponding pressure 

level of process R (by the group of vapor lines leaving the boiler 

shown in Figure 2) . Because the vapor collected at pressure level S 

of the boiler is at the condenser pressure, it is fed to the vapor 

heat exchanger. These vapor lines are in fact packed with pall rings 

to facilitate their rectification by direct contact with the solution 

bled from pump R (and/or pump S). Bleeding lines are not shown in 

Figure 2. Now, at the outlet of the last boiler stage (station IV), 

the very weak solution is separated into two flow paths in the 

regenerator: the first path (path A) constitutes the absorption 

process A and the second path (path E) constitutes the temperature 

equalization process E. The mass flow rate of path E is much smaller 

than the mass flow rate of path A. Thus, some sort of controller is 

needed to control the speed of pump E and vary the mass flow rate to 

path E. Essentially, the controller tries to keep invariable the 

pressure difference (~Pl = Ps - P
7

) between the suction and delivery 

sides of the last stage (stage SE or SS) of pump E (or pump S). Every 

stage of pump E has a bypass calibrated restrictor connected between 

the suction and the delivery tubes such that when pump E runs fast, 

the flow direction of path E is from station IV to station II, and wh en 

pump E runs slow, the flow direction of path E is reversed because th e 

leakage through the bypass restrictors is more than the pump E capacity . 
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The reversed process E is a vapor generation process which supplies the 

vapors for absorption in processes R and S. An increase in 6Pl slows 

down pump E. 

2. Vapor Absorption 

The absorption process A begins at station IV where the very weak 

solution starts absorbing the vapor coming from the evaporator via the 

precooler and the vapor heat exchanger. The absorption process A 

continues throughout the regenerator sections, essentially at constant 

evaporator pressure. From the outlet of the last section of the 

regenerator, in the direction of process A, the solution flows to the 

absorber where it absorbs more vapor from the evaporator. Finally this 

solution is stored in the solution accumulator at station I. 

From the accumulator at station I, the solution is pumped into 

two flow paths. The first path (path R) constitutes the absorbent 

return process R, and the second path (path S) constitutes the resorption 

process S. In process S, the solution is pumped through the absorber 

for further absorption of refrigerant vapor collected at the pressure 

stage outlets of process R. The solution leaving the last stage 

(stage 8) of the absorber is a very strong solution that can be boiled 

at low temperature in the first section of the regenerator (section 1) . 

The resorption process S is a heat rejection process intended to 

maintain constant temperature; therefore, it occurs at a higher 

pressure level as the solution becomes stronger. Each pressure level 

of the absorber corresponds to a pressure level of the boiler, except 

that the highest pressure level of the boiler corresponds to the 
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condensation pressure and the lowest pressure level of the absorber 

corresponds to the evaporator pressure. The mass flow rate to the 

absorber at station I is controlled by the pressure difference 

(6P2 = Pl-Po) between the evaporator and the first stage outlet of 

pump S. An increase in 6P
2 

results in an increase in flow rate of S. 

6P
2 

is to be kept constant. 

Because each pound of absorbent contained in the solution of the 

generation process G is associated with a larger change in concentration 

(6X
G 

= XII-XIII) than a pound of absorbent contained in the solution 

of the absorption process A (6X
A 

= XI-XIV)' the amount of refrigerant 

generated by G into the condenser is always larger than the amount of 

refrigerant that can be absorbed by A from the evaporator. Therefore, 

some sort of absorbent compensation is needed, and this is furnished 

by the absorbent return process R, which provides the extra amount of 

absorbent necessary to completely absorb the refrigerant vapor from the 

evaporator. The mass flow rate of the absorbent of process R from 

station I is controlled by the evaporator temperature or pressure. 

A higher evaporator pressure means there is not enough flow rate to 

process R and a lower temperature means the opposite . Process R 

continues throughout the sections of the regenerator and in fact each 

section of the regenerator corresponds to a pressure stage of process R. 

Depending on the temperature attainable by the solution in each section 

of the regenerator, vapor generation or vapor absorption can occur. 

As a rule, when the temperature of the boiling process is greater than 

the cut-off generator temperature of the basic single-effect absorption 
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cycle, vapor generation occurs. The opposite happens when the boiling 

temperature is less than the cut-off temperature. 

Note that the vapors collected at the pressure-stage outlets of 

the boiler are first rectified by direct contact with the solution bled 

from R, then fed to process R. From there they are fed to processes E 

and S via vapor-line groups. At the exit of the last section of the 

generator (Section 7), the solution of process R is mixed with the 

solution exiting process G and then pumped to the boiler. 

3. Temperature equalization. 

To minimize the irreversibilities of the regeneration processes 

caused by the unequal temperature drop across process A which rejects 

heat, and the temperature rise across processes Rand G which absorb 

heat, a temperature equalization process E is needed. This process E 

tends to equalize the temperature drop of the heat rejecting processes 

A and E to the temperature rise of the heat receiving processes R and 

G across all the sections of the regenerator. 

Process E is an absorption process when R is a generation process 

and vice-versa. When E is an absorption process, it starts at station 

IV and ends at station II. When E is a generation process, it starts 

from II and ends at IV. Each section of the regenerator corresponds 

to a pressure stage of process E. The vapors absorbed (or generated) 

by the solution of the temperature equalization process E come from 

(or are fed into) the absorbent return process R at the same pressure 

level. (Note that there is a complete balance between the vapor 

generated and the vapor absorbed by the processes B, R, E and S at 

each pressure level) . 
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4a. Production of Refrigeration 

The hot vapor generated by process G and by the highest pressure 

stage of boiling process B is collected to the inlet (shell side) of 

the vapor heat exchanger (vapor HEX.). This high pressure vapor is 

cooled and rectifie~ by the counterflow coil of low pressure vapor 

coming from the precooler. It is subsequently condensed in the 

conde nser, subcooled across the precooler, expanded to low pressure 

and boiled in the evaporator to produce refrigeration. At the outlet 

of the evaporator, the cold refrigerant vapor is mixed with the boiling 

cold solution that is expanded to low pressure from station II. This 

mixture serves as a heat sink for the precooling of the condensed 

liquid refrigerant. 

4b. Production of Work: 

Obviously, instead of condensing the hot vapor generated by 

process G in the condenser for the production of refrigeration, the 

hot vapor can be expanded into the evaporator pressure through some 

fluid engine for the production of work. The efficiency of cycle IR 

working as a power cycle is greater than that of the Rankine cycle 

using the same refrigerant as working fluid. It has fewer 

irreversibilities, particularly at input temperatures approaching the 

critical temperature of the refrigerant. 

PRELIMINARY ESTIMATE OF THE PERFORMANCE OF CYCLE IR 

For a preliminary estimate, Figure 3 can be used to calculate the 

performance of cycle IR (a minimum of six pressure stages is needed) . 
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Assumptions: 

1. Th e vapors generated by th e boiler are at different pressure l evels 

but are lumped togeth er at one vapor line: line 20. These vapor 

lines are rectified by bleeding lines from pump R (represented b y 

line 19 in Figure 3 but not shown in Figure 2 ) . The properties of 

line 20 are taken to be the weighted average properties of lines 

6 and 13. The properties of line 19 are taken to be the weighted 

average of lines 7 and 17: the weight factors are 0.33 for line 7 

and 0.67 for line 17. Th e properties of line 21 are the weighted 

averages between lines 6 and 13 with weight factors of 0.17 for 

line 6 and 0.83 for line 13. 

2. The vapors generated by process R are lumped into lines 11 and 12 . 

3. 

Table 1. Weight factors of average properties. 

Properties 
Average of lines 

Respective 
of line weight factors 

20 6 and 13 0.29 and 0 .71 

19 7 and 17 0 .33 and 0 .67 

21 6 and 13 0.17 and 0 .83 

10 7 and 17 0.33 and 0. 6 7 

12 7 and 17 0.33 and 0 .6 7 

11 7 and 17 0.33 and 0 . 67 
(From R to E) 

11 
Evaluated at 

(From E to R) 
P PCl and 
T = TC + 25. 
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4. The refrigerant-absorbent pair used is NH
3
/H

2
0 (properties are 

taken from Reference 2). 

5. The line pressure drops are neglected. 

6. The pumping works are neglected. 

7. 

Table 2. The saturated temperatures and pressures from which 
the properties of the lines are found. 

Line No. Temperature ( OF) Pressure (psia) 

Evaporator TE P = Saturated pressure at 
E 

TE of NH3 

Condenser TC Pc Saturated pressure at 
TC of NH3 

6 TB Pc 
0.125 

13 TB PEl = PE(PC/PE) , or 

= P
E 

+ 10. 

4 TB Pc 

3 T -15 
B Pc 

5 T -15 Pc B 0.875 
7 T -20 PCl PE(PC/PE) , or B 

P - 30 C . 

9 TC PCl 
15 TC+15 PE 
16 T +15 

C 
P

E 
17 TC P

E 
18 TC PE 

8 from E to G TC+15 PCl 

8 from G to E TC PCl 

14 from B to E TB PEl 
14 from E to B T -20 PEl B 

2 T +(T -T )/3 
C B C Pc 
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s. We propose to calculate the COP as a function of the boiler 

temperature TB and compare it to the Carnot COP defined as: 

Carnot COP 
T - T 
BOx 

TB +460 

T +460 
E 

T - T o E 

9. One pound of vapor generated at line 1 produces SOO Btu of cooling. 

Therefore: 

where 

The mls are the mass flow rates, the h Is are the spec i fic enthalpies. 

The concentration is defined as: 

x mass of refrigerant 
Total mass of solution (or vapor) 

10. The second law of thermodynamics is assumed to be satisfied for the 

processes in the adiabatic regenerator; that is , heat transfer is 

possible so that the enthalpies used in the energy balance for the 

regenerator are correct. 

The following equations can be written for the system: 

Msss balances: 

m
l 

1.0 

m3 + mS + m7 m6 + m
4 

m9 + mS = mS + m
2 

m6 ml3 + m14 
+ m

lO 
m

19 
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ffi
lS 

+ ffi
12 = ffi9 

ffi13 + 1 ffi
16 

+ ffi
lS 

ffi13 + 1 ffi
17 

+ ffilS 

ffi
20 

+ ffi
l9 

= ffi
lO 

+ ffi
21 

NH3 Mass balances: 

ffi17Xl7 + ffilOXIO 

ffil4 Xl4 + ffiU Xl! 

ffilSXlS + ffi12Xl2 

ffi7X7 + ffiU Xu + ffi12X12 + ffil9Xl9 

ffiSXS 

ffi13X13 + Xl ffi16 Xl6 + ffi lS XIS 

ffil3Xl3 + Xl = ffil7Xl7 + ffilSXIS 

ffi
20

X20 + ffi
19

X
19 

ffi20h20 + ffil9h19 

ffilOXlO + ffi2lX21 

ffilOh lO + ffi2lh 21 

Ene rgy balance for the adiabatic regenerator: 

ffilh l + ffi13h13 - ffi16h l6 - ffilSh lS 

+ ffil7h l7 + ffilOh lO - ffi7h7 - ffil2h l2 - ffil9hl9 

+ ffi14h l4 + ffi9h9 - ffiShS - ffi2h2 = 0 

For a given set T
B

, T
C

' T
E

, the X's and the h's are known saturated 

properties, therefore the solution of the above 20 equations gives the 

ffiass flow rates froffi which the COP can be calculated. 

[NOTE : The enthalpy hI at the outl et of the vapor heat exchanger is 
taken to be hI = SSO + 0.7 (TB-ISO) and Xl=0.99S] 
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The COP's are plotted approximately in Figures 4, 5 and 6. Calculated 

results are given the Appendix. (Negative mass flow rates indicate 

reversed flow, opposite to the arrows in Figure 3). 

REFERENCES 

1. Kim Dao, Melvin Simmons, Richard Wolgast and Michael Wahlig, 

Performance of an Experimental Solar-Driven Absorption Air-

Conditioner, Energy and Environment Division Annual Report, 

Lawrence Berkeley Laboratory Report LBL-5911 (1977). 

2. Physical and Thermodynamic Properties of Ammonia-Water Mixtures. 

Research Bulletin No. 34, I.G.T. - A.G.A., September 1964. 



1.6 

t-I 1.2 
u 
Wt-
LL.::l 
LL.Q. 
Wz 

(!) 

Z t- 0.8 -« 
....lW 
0:I: o 
U 

II 
a.. 
o 0.4 
u 

T E = EVAPORATOR TEMP. = 40 0 F 

To = CON DE NSER-ABSORBER 

TEMPERATURE =IIO°F REGENERATIVE 
ABSORPTION 

0" 
~~ 

CJ~ 

~ 
~ v 

~
r;,.foO 

~~ /~~ 
~o/ 

Y- --------,,---:.-------,..,. .".",..-,..,.", ",/' 

;- ./ ", -", /' ",~ 
,/"'" ", /' 

/.//./ RANKINE.,."."''''''''''''' / :. ./ ./ t"""" "".,.". 
./ - -- .c:::. , ~~-- ----

&,0 roO 
,,~ 'XCi 
~~/ 

~- .".",,," 
///'" ~~-/5f=--------

/ 
I ~ -- ---/f .,.". ~~ ---

//:/ j-/-;-; .... /" SINGLE- EFFECT 
/// /~..r'" ABSORPTION 

//,//./' I 
//,..,."'" I 

II I 
II I 
~/ I 

o V 1,1, I I 
120 160 200 240 280 - - -

BOILER TEMPERATURE,TB (OF) 

XBL 7812 - 13439 
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LI NE NO. MASS fLOW ~C"'C, ENH, ALPY LINE NO. "'ASS ~LUW ~ONC. ENTI'1AL,PY LlNt NO. "'A8S fLU,," CUNC • ENTHALPY 

I 1,0000 • 9.,80 002.75 1 1.0000 ,9980 b15,75 1 1,0000 ,9980 ol8,75 
2 ,0101 .9~8i ,n.n 2 .8205 ,q97~ 517,110 2 ,8q1l9 ,9906 sas ,Ill 
1 ,0002 ,eji99 19.20 1 .0070 ,5110 4 11,00 ] ,00110 .11710 50,i8 
II ,]901 .h19 511 •• 011 II , 18115 ,"Ui ol1.i5 II • i 121 ,9008 1133010 
5 ,5112b .ejiq, 1'.20 0; ,1I91tO ,5404 51,00 '5 ,41511 ,"711i SO,iil 
0 5,51100 .5001 Z7 ,07 b l,87j0 .(1813 45.03 0 i,S'Ib7 .42118 07,14 C ' 7 5.1']9 .5e1l7 O.b8 7 3,554<4 .5057 i2.Bo 7 2.5b45 .4405 (llitH 
8 -2.0880 .'~48 17,70 8 -1,Oli) .8l(l¥ 17.70 8 -.JOOII ,_i4& i7,h 
q 3,8407 .8.-48 17.70 9 c,15UB ,U(li 17.7& , 1,i927 .8248 17, 7~ 

10 2,47211 ,lIoj08 591.08 10 1,54S7 ,9808 5117,"0 10 1,1092 ,982ti oOl,iiI 
II -1,,,en5 .lIiioo 582.23 11 -,7858 ,111100 582.23 1 I -,2803 ,9l1bil 5iiZ,2l 
IZ 2,711011 .9ij]0 588,04 12 1,0857 ,9901 59(1,30 12 l.i2D ' ,9805 oQO,1if 
tJ 4,0050 .Z174 111.34 13 3,25U5 ,2He 75,Ja 13 2,5159 ,1700 iO',b9 
111 -.0905 .U18 7.13 1(1 -.2 I1 i5 ,2714 111.111 14 -,0'01 ,2iU ?S.U 
15 ,USI • 'Iii 13 bOl,17 IS ,3147 .'813 001.17 IS .io04 ,'el} 001017 
lb 5.1 905 .lS"9 -17,'0 1& 3.H;8 .1S"lJ -11. '0 If. 1,2555 ,h9" - i7, 90 
17 4.505 41 .lIiiS' -3B.l4 17 l.S8S(l ,(l0!!!9 -l8.3" 17 ).011115 .40H -18.i4 
18 1.1002 .4ijS9 -)8.34 18 ,0051 .IIOsq -11.1(1 111 ,4114 ,11059 -18 . ]4 

"'"' I' .815(1 .<4055 -;.n.:H 19 .il7b1 .11192 -P,1I4 19 ,il482 .4l'7!! -io, til 
20 2.3'191 .9087 fl21.lS 20 1.4911 ,'1135 "48.80 iO l.ii,.SI ,'il01'l oU.oi 
21 .7olb .3'i1l6 Ib.81 21 .tl2il .287l '>0.01 ~I .~O(l2 ,2nc iI:5.8~ '-...--

I 
10 
-..J 

nil 210.H TC- 95.0F I~. 10.OF Tsa BO.OF Tt. "5,0' TE- 10,0' n. i!SO.O~ H,. '5,11' n. 10.01F I < . 
COPa .701 fRACTION ~~ · CARNOT~,738 CuPe ,1'8 ~RACTION OF ~'ANOT~,718 cuP. ,8b5 FAACTIUN U~ · ~A~NUf~,71~ -

LINE NO. MASS FLOW ~ONC, E~THALPY l.lNt. NO, MASS fLOW ~ONC. , ENTI'IAL.Py 1.1N~ NU. MASS FLOIII ~UNt. ~NTHAL,PY 

1 1.0000 .9.,80 0111.75 1 1,0000 .'''.0 05(1,75 I 1.0000 .'1980 1107.15 c-
2 .9lS3 ."56 515,613 i! ,9510 ,"lib S'O,OI i .'70J .~9iq 594,10 
:5 .0105 ./jiOI 71.211 :5 ,oliS .155b Q8.52 1 .0151 .1044 1l7." 
41 .0753 .9 .. 52 05<4.211 'I .0589 .910~ fl81011 1.1 .0448 .874ti 715,ll 
'5 .371:>1 .1.1 i 01 71.24 5 ,J91.17 ,3550 98.Si 5 .j80l:> .l0411 127.od 
0 2.32118 .1088 92.03 b 1.90il .1109 11',91 0 I.S71O ,illllO l!iO,78 
7 l. 0 III .liiS bl.Clo 1 l,iU8 .1l"0 95,'4 1 1.~207 .i78S 1i7,44 
I -.0284 .oqlH 1.12 • ,UOO .09S! - J,ll 8 .~097 .0951 I,U 
CI 1.11100 .84 48 17,7b " 1,10&4 .8illS 17.7b , 1,0&li .821.18 17.h 

10 .8705 .9;80 oUCI.II:> 10 .7171 .'119 "15.18 10 ,'t711 .9070 fllc. I it 
II -.018C1 .'1J22 005.'" 11 .1228 .9780 011,20 II ,U8S ,9731 017.01 
12 .9741 .ge21 005.'7 12 ,8550 ,9180 III l.lO U ,19811 .Ull "P,ol 
13 lo1152 .1~bO 141.lb 13 1,85'>'" .0809 I 73.l.Iq II 1,,,.c7 .01199 2011.1.) 
11.1 -.0095 .1400 1412.10 1(1 ,g'HI .Oh~ 171,1I9 111 .0812 .0"99 iOIl,7i 
15 .2]07 • 'hIll 001,17 IS .1115 .'eU bOl.17 15 01 972 .981l bOl017 
1b 2.B8115 .lS" - 17,90 10 i.t44/4 .159~ -[7.'0 10 2.11055 .1599 -17.'0 
17 2,7'1<13 ."US9 -38.111 17 2.SIIl! .1.I0!!9 -38.34 17 2.leOO .II05~ -38,34 
18 .30511 ."ii':i~ -18.1(1 18 .1l28 .(1059 -i8.311 18 .2827 ,40~~ -le,3i 
19 .b514 .H8j -2.58 l' .6880 ,1801 · 0, (12 l q ,SI9' ,;iol§ 10.112 
iO .8 11 11 .8181 718.80 20 .t2S" .7570 757.89 10 . 0508 .01Q,j! 8l5.lIl 
2 1 .&225 .ls20 117.18 21 .0708 .13'0 1'19.11 21 .8110 ,0(19) 180.1.11.1 



T8- 140.01' TC- 95,OF IE, 25,01' T8- 105.01' TC- 95,OF TE- i!5,OI' HI. 190,01' Tt. 9",O~ n .. a5.0' 
COP- ,ZIl9 FRACTION ~~ CA~NCT-,1l80 COP- ,Il91 ~R'CTION OF CAHNUt~,041 CUP a ,71~ ~~ACTION Ur ~A~NOT~,72~ 

LINE NO. MASS FL.O~ ~CNC, ENT~ALPY LINE NO. MASS I'LOIol CONC. ENTHALPY UNt NO. MASS FLOIj CUNC • ENT ... ALPY 

1 1.0000 • 9.,,80 59«1.25 1 1.0000 .9980 «112.50 1 l.OOOO ,9980 «Ii8.7S 
e .t 99Z ,9~80 572,114 2 .?1I}8 .997b 570.52 2 ,a72b ,990ii 5tH.U 
] .0080 • Iii; 73 18.90 3 ,007 9 .5001 27.07 :5 .0105 ,4710 50.lS 
II .80911 • 9." II b 590,01 II ,~blll .98l19 008,7/1 'I .lJ79 .9001S oU.l0 
5 .171 0 .01113 18,90 S ,)0111 ,56001 c7,07 5 ,ll 78 ,4710 50.28 
0 5,8Ho .60U II ) lO,97 0 l,lil01 .50/12 /jO,OS 0 2'~'0/j ,/li411 07.24 
7 0,4028 .U08 5.48 7 3.5051 ,5]411 III .95 7 l,/iOOI ,/lIl.,ei '14.111 
8 -1,7807 .h40 010.08 a -,7 9 )9 .8511b 20,08 8 -,01411 .7140 7,lb 
9 "01515 .8SII& lo.08 9 1,8990 .85110 010.08 9 I,ZO/j8 ,85/j1l 20,08 

10 e.51151l .99118 5811,08 10 l,a1l1 .99111 Ij., 1,09 10 ,811l11 ,98 7Ii 1j98,71 
11 -Z.8bll .9~" SIlI.eb II -.ilZZ Z ,"'b7 581.h 11 -,009] ,9900 595,U 
12 ],0505 .9Y59 5U,01 12 1,401/j ,99)0 'J88,81 U ,89110 ,990ei 595,2C 
13 11,8100 ,Jilll 1'J,88 13 2.'841 ,;fnll 50.18 11 i,i889 ,l18? .',9<: 
111 -.9197 ,4i2) -10,Cl9 14 -,i710 ,3191 2].00 14 -,0052 ,2187 97.92 
15 .1194] ,Cl1I82 59'5,b] 15 .llsl .9882 595.b3 15 .lll8l ,9881 595.03 
10 s.H2] ,111119 -Z2,20 10 l,bll92 ,111119 -2 01 ,20 10 2.9207 ,4149 -il2,iil 
17 11.7755 ,11011 -110,]0 11 J,il801 ,4bJl -110,30 11 2,8181 .4&31 -40.]0 
18 1.1011 ./lil]1 -40.30 18 .lIcHo .4bll -ilO.]O 18 .1107 .4011 -40.10 
I" .01180 ,5~57 -25,011 I" .117410 .4809 -cO,S5 111 • ill77 .4580 - ii. 09 
20 i.1I721 ."e211 008.75 20 l.iU71 .1100] oU,91 20 ,787' .'lia on,il 
21 .511511 ,Il184 -.11 cl ,~295 .]1114 U.1Ie 21 .~al1 .i1H 14. 7 ~ 

J 
I\.) 

co 
T8- 215.0' TC- 95.01' Jl!:a is,OF T8. 2110.01' n;. IIS.I>" T!II i!5.0~ T •• ~II!J,O" TC. 95,g~ n. is.Of J 

COP- .910 FRACTIUN ~~ CARNOT~,?19 COPa i.OIlI ~RACTION OF ~A~NOT~,7]9 COP~ 1. llii FRACT1UN UF ~ARNOT~,~9~ 

LINE NO. MASS FLOW ~'C~t • Er.T~ALPY L.INE NO, MASS ~L.O" ~ONC. ENTMALPY LINE NO. "'ASS 1'1.0" CUNC. ENTHAI.PY 

1 1.0000 ,"",80 0115.00 I 1.0000 .11980 1I01,i5 I 1.0000 ,998U 1177,511 
2 ,9Z111 .9~!J4 580.71 2 .ClUJ .111117 5112.11 2 .97U& ,991ij 597,10 
] ,012' ,n59 19.39 ] ,01&2 .ll90 lil.u J ,OZOI .l08u 1'0. Ti 
4 ,0"111 .9HZ "'O.Zo 4 .OUO ,8974'1 .. 7.]1 4 ,Olin .• ila) US. Iti 
5 .1855 .h59 1".311 5 .1871 .3290 112.15 5 ,15lt2 .h8U liO.78 
& i,OIl?o ,l~50 'i8.~2 II l.ii'ljll ,HZl 1l5, II 1 0 l.ll71 ,j/Uo 171, 1t4 
7 1.11100 ,3170 71l,80 7 l.l581 .]1101 110,21 7 1.0005 .l501 l11Q,21 
8 ,UIIS , 7i 110 7.1& 8 .SOIi9 .7140 7.1& 8 .. S1I11 .7140 7,So 
'I .9722 .8~40 20.08 CI ,11285 .8!Jllo 260,08 , ,7855 .85110 20,08 

10 .0115 9 ,'e20 0011,01 10 .5l07 ,9771 b12.08 10 .11880 .9Hi 01',115 
11 .22118 ."1i1l8 &01.91 11 ,l52Z .'818 1108.911 11 ,U09 • 'nO! 015.87 
12 .72b7 .911118 &01.111 li? .oZSl ,9818 008,110 12 .511914 • 'Hot 015,87 
1] 1.7 U]e .1'02 li",511 11 1.,,1119 ,lOllS 119,01 13 1.31&5 ,057.1 218,14 
14 01 Oil" ,Uoc U9.511 14 .1547 ,lOllS 179,01 111 .15/114 .1>57J ill,lll 
15 .2107 ."U2 595.ol 15 ,010 90 .'88l 595.0) 15 ,1"50 .'882 595,&) 
1& 2.51211 ,111119 -iZ.20 10 i,28il .11149 -22.010 111 i,llH .111119 -22.26 
11 2.4977 , Iloll -"0.10 17 2.28117 .4031 -40.]0 17 2,1122 .40J! -/10,10 
18 .21155 ,lIii]1 -/j0.]0 18 .2012 .4011 -40.10 18 .1801 ,lIol! -110,10 
l' ,115111 ,lIj44 -1,92 19 ./1899 .41ZS CI,87 19 .o l ll .HZ1 012,81 
20 .b158 .8)47 710,55 20 .50118 .1557 10],24 iO ,li7&11 .b051 !!SII ,14 
2t .1I21l ,2~lIl 110,019 21 ./j7S0 .Ull 150.112 2 1 ,to i22 • 101 i 195,IiS 



T8a 1'50.01' TC- 95,01' IE. 40,Of HI. 180,01' TC' 95,0' a. 410,01' Til" ZlO,O~ rc. "5,U~ n. 410,01' 
COP. ,1170 FAACTION -OF C AHNOr., 5n COPe .607 'RACTION 0' ~ARNUT.,716 CUP. 1,lftO 'AACTIO'" U~ ~ARNUT~.74~ 

LlNE NO. MA58 I'LOW ~ONC, ENH.ALPY LINE NO, MASS I'LO" CONC, ENTHAL.PY Ll"'~ NO, "'AU FLOIOI CUNC, [NTMAL.lty 

1 1.0000 ." ... eo oOi,7S 1 1,0000 ,"'no .i!2,i5 1 1,0000 ,'1'160 UI.75 
i ,4902 .9~8C? 571,83 i ,1111'5 ,9970 !!i7'1.4Il 2 ,8999 ,'1'156 S6S.U 
3 ,0082 .!.!i9" 1".20 3 .0101 ,'50Ile 40.05 l ,0 U9 , .4101 U"Z4I 
II .5120 ."<119 590.041 'I .ilfio ,9?fti oZZ,8ft 4 ,U40 ,94152 *!I1I,zii 
!!i ,2221 .0~99 19,20 5 .1IIla • !SoU 110,05 S ,IIZU ,4101 n,zli C 
ft 1, Tilft .!!ioOI e7,07 b z,ii8"7 ,4'liSi $5,74 0 I, UJ4I .Jf>88 U,OS 
7 4,0014 .ft i 1l 10,3ft 7 l.1l4li ,4'09 n,1I9 7 l,.n 0 ,)9811 U,oo 

" 8 -1,1 881f .81111S JII,78 • ,aUft lUll 11,H 8 ,t.ftio ,?ill II, 7~ , ...... , 
If 1,9072 .hll3 jll,7S 'I ,9079 ,88111 111,711 'I ,tiS99 ,86111 11l,7ti 

10 1.21133 ,~h50 583,94 10 .itHo ,9'28 5111013 10 ."815 .fi891 598,7. 
11 -.115211 .1I;'bll 51l0,35 II .i590 ,"Iii! 588.511 II ,411125 .99141 595,4ji' 
12 1,45241 .9<;03 S82.2Z 12 ,!.!911S .9942 588.'511 12 ' .SOH .9'114 §05,IIil 
13 1.04911 ,H19 25.1'1 13 l.c;891 .ZS95 71,25 1) 1, SODil ,lU'j lio,h 
III -,llO5 ."Ha -,57 III .09h .ins 71.2S 14 .clOO .lllS 1l0,h 
1!!i .4Z11i .9';10 5811,411 15 ,jl)1 ,9910 589,49 15 ,lft25 ,99}0 !!i89.419 .-;,. . 
1ft 1.0257 • 4;ZO -Zl.51 10 Z .'hO .11720 -n,n 10 l,i4l17 ,4IUD -ll,'5i 
17 ),5952 ,Ho'5 -18,!!i8 17 2,77S7 ,5ioS -18.58 17 Z,1!i42 .S2ftS -18,5& <: 18 ,41'5117 .5~05 -j8,58 18 ,2134 .52ft5 -)8.!!i8 18 .iszo .5211, -18,58 
I" ,lJSO .S'il48 -c2,27 1~ .Zo~o ,51110 -111.4'1 U ,itH] ,11818 -3,Oi! 
iO l,lOO? .'iloll oU.1I7 lO ,bllOIl .9511 04111.81 20 .IIS5S .8979 091.08 i._ , 

il .Z9l5 .1I.tel 10.75 II ,21811 .11100 50,117 il .ill8f> ,looi ",lft 

I 
tv 
\0 
I 

" T88 lllO,OF TC' 95,01' lEa IIO,OF Tlla i70,Ol' TI;a 9,.0' TEa 410,OF Tlta 300, o~' TI;;,1 "S. 0' Tfa 110.0' 
CoPa 1.393 FRACTION ~~ ~AANOT.,7110 COPa 1.518 ~RACTION 0' CARNOT~.700 CO" 1.1100 FRACTIUN UF ~ARNOT~.57~ 

LINE NO. MASS FLOW ~CNC, ENTt<ALPY LINE NO, MASS I'LOW CONC, ENTHA~PY LIN~ NO, MASS FL.OW CUNC • ENTMAL.Pf 

1 1,0000 • 9~80 001.25 I 1.00110 .9980 080.75 1 1.0000 ,'1'180 700,iS 
l .9191 .9iil1 592,11 2 .~/)u .990'1 Sq'lol2 2 ,'il8?,) .96ftlt 007.211 
3 .0178 .U"II 112.15 ] ,Ollb .2501 1!;8.IIl 1 , all 1 .1890 20ll,o!i 
II ,0 780 .8979 &cl7.]1 U ,0574 .8127 75f>.50 /I ,Olllft .!.!701:i 8j!'.0~ 
'5 ,1~1I0 .lii90 111,1 '5 'I .3599 .250] U8.lIl 5 .2918 .1890 l04.0S 
II 1.SU22 .2~il 135./11 0 1. Cl51 .22i! 181.21 0 ,85117 ,150~ 227.211 
7 1.203/1 .3ieo 108.7'1 7 ,9089 .245'S lSS.1I11 7 .!i7S11 ,171~ lOI,07 
a .78.1 ,7131 11.79 8 .6117 .7nl 11,79 8 .0715 • 711 i 11.7" 
9 .5520 .8itU] ]11.78 II .sli5 .88/13 1/1.78 9 ,0078 ,88Uj JII.78 

10 .]912 .gellO 000.811 10 .]507 ,977Z US.IIO 10 ,]7b8 .'1701 023,44 
11 ,'549(1 .9a75 002,85 11 • !i881 • 98i! 1 GlO,tlO 11 ,419911 ,'17'51:i 01'1,18 
12 .11289 .91175 062.85 Ii! ,IIOill ,~82) 010.80 12 .4I!(I] .'17'5b Iill1.tII 
13 1.22811 .1'127 Ib~.OO 13 I,OolT .0831 215,91 II .911]8 ,0270 20",05 
1/1 .'!J08 .1'Il7 lo~,OO III ,Z2S11 .08H ZlS.~1 III .1717 .Oi70 2till.05 
IS ,231/1 .9v]0 5e9."'1 15 • Z 1 01 ,9930 589.11'1 IS .cOlb ,'1'13U 589.11'1 
If> 1,9950 .";20 -21.53 lb 1.11(175 .11120 .Z 3. 'll 10 1.74102 ,41726 -2J,5] 
17 2.10/1& .'3~OS -38.58 17 1,45]5 .'5205 -l8,58 17 1,8201 .5ift5 -18.56 
18 ,1237 .Si!05 -38.56 18 .1102 ,SloS -18.56 18 .lil3S ,':1205 -)8,58 
19 • ]1112 ."0)72 10.5" 19 .11049 .4329 Zo.09 19 .b]7b ,1I10.s IIt,So 
lO ,]715 . 7~70 7117.]9 20 ,HS7 ,bllli 837,81) cO .lbilO • .sQ51 98?,l~ 

21 .2~1I5 • lebO 1117,SQ 21 , 18Q'l .lllS 1~1I.91 il .il25'1 .u b'li 211Z.20 



T8- UO.O, TC- 80,0" I I!_ 10,Of TS- 170,01' Tt;- 110,01' TE- 10,0' Ttl- 190,01' lC- IIO.II~ nll! 10,01' 
COP- ,1188 IrJUCTlON ' c~ CARNOh,tol'l taPa; ,bS7 ;RACTION OF tARNUT~.7Ib COP- ,illS ~RACTION 0' ~ARNOT~,72~ 

LINE NO. ~Aas FLOIOL ~'CNC , ENT!<ALPV LINE NO, MASS ~1.0W CONC. ENTHAL.PY 1.1N~ NO, MASS FLOW ~UNC, [N1HAI.PV 

1 1,0000 ,'h80 bU,50 1 I,OOUO .9980 b25.50 1 I,OUOO ,9980 b38,50 
2 .111841 ,90;82 573.311 2 ,8bll ,991~ 577,08 2 .9005 ,9Qoii 581,101 
] ,0052 ,5509 8,80 ] ,0071 ,4118b 27,59 ] .il09] ,"loll SO,,, 
II ,2508 .988) bOJ,82 II ,(1157 ,97!i3 1122,21 II ,1028 ,95~1 114l!,lS 
5 ,)905 ,51 09 8,80 5 .2967 ,111811 i!7,59 5 ,oSlI77 ,,,u.4 50,55 
b ],lIiIl7 ,11'1511 22.110 II i, U50 ,lIll] 1141,52 II 2,BB ,J711 i 09.51 
7 1,4858 .5.!!;1I 1,05 7 2,5050 ,1I5bll 21,b2 1 1,9J91 ,]9bJ 4'5,81 
8 -,808i ,811119 11,12 8 -,15115 ,1013 -U,Jb 8 ,20011 ,10U -U,]b 
9 1,91172 .81i1l9 O,ll 9 I,ll is ,8449 0, 12 9 1.()9]8 ,811119 lI,ti 

10 1 ,2U5 ,"Hi 585,85 10 ,&nz ,9904 591 ,27 10 ,7<175 ,"U9 no,e7 
11 -,ol]1 .9~75 577 .5b 11 -,0980 .9928 588,11 11 ,i3u7 ,990ii 591,JO 
1l 1,11073 .9~1I8 581.l8 12 ,~S,O ,9'Z8 588. I 7 12 ,7972 ,"90C! 591,]0 
13 2,9941) .2i25 /l2,IIS 11 2,31l1 ,2190 7b,5} 11 1,88b8 ,1019 Ii 0,90 
III -.18415 ,]i88 8,U 111 -,0580 , j!l90 7b,5] 111 ,Uto98 ,lbIY !l0,90 
15 ,129& .91\99 sn.17 1'5 ,l131l ,9899 589.17 1'5 .2382 .989~ 589,11 
lit 3,M)lIb ,IIu59 -38,]11 lb 1,OH7 ,11059 -)8,1" III i,toll8b ,lIu5~ -18,141 
17 ],II5/l11 .11$111 -511,80 17 2.~5io ,115111 -5b.80 17 2,5902 ,lISlil -5b,80 
18 ,5]99 • II '!ill 1 -Sb,eo 18 , j0l5 ,115111 "5b,80 18 ,il90b ."5111 -50,80 
19 ,411185 .4119 -}1,52 19 ,40il1 .11550 -]O,ob 19 ,11]08 ."3119 -22,bO 
20 1.21811 ,911)8 ol7."b 20 ,8307 ,9 ]!iii! b54.8'1 itO ,.757 ,8860~ 1190.114 
il .IIO)I! .3~18 18,5] 21 .]b02 ,27511 52,02 ill ,~991 ,ilelC! ao,~8 

I 
w 
0 

T8- 210.01' TC- 80,0' IE- 10.01' TS- 2]0,01' 1(;- ,80,uF TE- 10,01' 18. 250.01' TC- 8U,UF T~- 10,01' I 
COP- .952 FRACTION 'CF CARN01_.731 COP- 1.0bi! ~R'CTION 0' ~AHNUT~,727 cup- 1.10b 'RACllON UF ~ARNOT~.08~ 

LINE NO. IIIASS HUItl ~'C"C • ENT~'I.PY LINE NO, MASS fLOW CONC, EI>4T!oUI.PY I.lIII! NO, MU~ FI.OII CONC, ENTHAVY 

I 1,0000 .9.,,80 b51,50 I 1.0000 ,9980 bllll,50 I 1,0000 .998u 077 .SO 
2 ,9]15 .IIQS9 S85,38 2 , nll .99117 589.19 2 ,9b88 ,99)( 5U,SS 
3 ,0115 ,liioo 7b,08 1 .01112 ,1081 10§,1!1 1 ,0172 ,il58C! !loth 
/I ,0&00 .9jOS 0Il7.3i II .Obil9 ,8910 099,78 II ,0 11 81 ,1ll11 1 7$9,412 
5 .11001 .]1100 "',08 5 ,3990 ,]081 105,111 5 ,h8b .25811 1)0,80 
/I 1,91414 .lt09 91,/l9 0 l,il281 .2107 129.011 0 1,3155 ,22]11 li1o,17 
7 1,57&8 .34111 71.3to 7 1.~778 ,2892 103.80 1 ,t781 ,2110U US,S5 
8 ,3952 .7ull -12 .lO 8 .'5059 ,10ll -12,10 8 .'121 ,70ll -li,]j, 
II ,9112 11 .8ij/l9 &,12 9 ,811111 ,8114/9 b, 1 Z 9 ,825] ,811"Q b, 1 i! 

10 ,51155 .9ilH bO 1 ,91 10 ,52.51 ,97Ql b01.iS 10 ,11900 ,911111 6011,1 II 
II .2b50 .9!!71 S98,05 11 ,3 4&0 ,98:U oOll.il II .100b ,979j 009,18 
12 ,0 11 09 ,91171 51/8,b5 12 .Clillb ,9811 110 11 ,21 Ii ,j,1111 ,9711l 009.18 
Il l,un .li20 1111.22 11 1,40il] ,08:52 1711,52 !l l,lllS ,0'10] i05,78 
III ,Ulle ,14iO 1111,22 III ,15h ,08li 1711 ,sa 111 ,1515 ,01101 il05,1I 
15 ,2177 .9&99 589,H 15 ,ilO]5 .9899 589,17 15 ,1920 ,989Q 589,17 
10 2.4200 ."US 9 -}8.]/l 10 e,ilbe8 ,4059 -38,311 10 2,14 10 ,4U59 -18,)11 
17 i!,]8b2 ,IISIlI -50,80 17 e.i!II~o ,lISlli -i'o ,80 17 iii ,Ull ,45"1 -Sb.80 
18 ,2515 .40:,111 -5b.80 18 ,22i)7 ,115111 -Sb,80 18 ,2112 ,115111 -So,eo 
19 ,1I1111} ."1bS -\3.7') 19 ,51'13 ,1991 -l.Z? 19 ,obO I .18e8 7,31 
20 ,57741 .8185 HO,81 20 ,5112 ,7259 775,87 20 .4791 ,~9il h5,i't» 
i/I ,11]02 • I ( I 7 11 Q. 911 21 ,5001 ,129] 151,70 2 1 .toIlSS ,090U 182,9~ 



n- 1410.0" TC- 80.0" IE. 25.01' T8_ 1b5.0F TCa 80.0"- TEll is.OF T8· I~O.OF TCa 80,O~ Hili 25,Or; 
COP. ,533 '~ACTION ,O~ CA~NOTa.OOij coP" .IHIs ~~ACTION 0' CA~NOT~.70~ COP- 1.080 HACT 10N U~ fAFlNOT~ '. 72ij 

LINE NO. MAU '-\.0111 ~QNC. ENHiAL.PY \'lNE NO. MASS HOW CONC. ENHUL.PY \.lN~ NO. "'ASS FLOIII CONC, fNTHA\.'Y 

1 1.0000 .ihllO bOb.OO 1 1,0000 .~qIlO b22.2S 1 1.0000 .~iil80 &38,50 
l ,00q3 ,9~85 571.01 l .818b .q'H7 sa.12 2 ."8~l • iii iii 0 8 581,12 
) ,0050 .';;;1111 2.10 3 ,0074 .1Iii1S11 22.110 3 .010b .411111 50,55 
II ,]~S7 .q<iil 5~5.~1I II • 1888 .9nll 017.11 II ,i211 .~557 bllc.i~ 
5 .l055 .5ifllll 2.1b 5 .3S22 .11954 22.110 5 .lIlll1 ,1I11li4 §0.5~ C 
& 3.41111 .5j I II U.95 & 2.51)8 .lIlIob )11.117 0 2,031 9 • HII 1 111/.51 
7 1.58115 .5175 -5.72 7 2,14il/ • IIU i ill.Zo 7 1,7108 ,401111 115,410 

0 ' 

8 -,7b35 .81511 15.05 8 ,221Z .72211 -8,011 8 ,5'1' ,?iill -e,OIl ,~ 

q I,UU .8159 15.05 q ,94117 .875;; 15,05 9 _,72q2 .1!7!1~ 15.05 
10 1,0817 .9i1bl 5711.8) 10 .ii71Z ,qq4l1 585,511 10 ,5102 ,111/15 !ill 1 •• 1i 
11 -.IIObl .9;;77 570,75 11 ,Il82 ,lIq5 11 58l,28 1 1 ,j8Ol ,qq.h 5~8, 71 
Ii! 1,2i4l11 .I/illlq 578.18 Ii ,71011 ,11954 583,28 Ii ,SIIQ2 ,1I111i1 58e,77 
11 2,81100 .h82 1b,II5 11 2.01iji .278e 57,10 13 1,5831 ,iil8 in,OI! \. .... -

111 -015711 .41\)111/ -10,70 141 .ono .2711e 57,30 111 ,iOS7 ,2ue 9Q,08 
15 ,lQ27 .99112 58 l, 77 IS ,loU ,1I941i! 583,77 U ,colli ,,,,11112 583,77 
1& l,41117Q .lIoll -110.30 lb 2,7001 ,11011 -110,30 10 iI,UliO ,lIol! -40.10 
17 1,11272 . 51711 -55,82 17 2.7773 .51711 -55,82 17 2.ijO:H .~1711 -55,82 ..c, lI! .4113 11 .5J711 e55,82 18 .2hli ,51711 -55,82 18 .ieoo .51711 -55,82 
I Q ,3035 .51711 -11/.12 lQ .i!h7 .505. -u.7'J III ,~o72 .1;797 -22,oe 
20 1,0 11 37 .Q;&8 oll,IIS 20 ,0"10 ,9551 b38."o 20 ,4i27 .Qta, us.~) ( -,'. 
21 ,2b5o • "u17 ,0" 21 ,~205 ,HOO :55. 111 21 ,2397 ,2b~l 17 .il" 

I 
w 
I-' 

~:;. .... I 
TBa 215.0~ H;- 80,OF lEE i5,OF Tia ,aIlO,OF TC- 80,0' TE- i5,Of Tit. 205,01' TCE SO,OF na as,or; 
COP- 1,271 F R 4 C T ION 'C F eARNOTs.722 COPa 1, 1155 ~~ACTION O~ CARNUT~,722 COP- 1,1180 ~~ACTIDN u,. ~ARNOT~.~5~ 

\,lNE NO. MASS '-LOIII ,-ONC, ENTI'iALPY LINE NO, MASS 1'1.0111 C;ONC, !NHUL.PY LINt: NU, MASS FLOII! CUNC, ENTHA\.'Y - - ~- , 
I'~ 

1 1, 0000 .".,80 bSII,75 1 1,0000 ,QQIlO b71,OO 1 1,0000 ,9ii180 08 7, i5 
l ,9 205 .q~51 5&&,ll 2 ,~!iOCJ ,~'n~ Slil,lO 2 ,~7041 ,11915 597, t8 
l , 013" .lii72 82,78 3 .01t7 ,2810 Ut.!9 :5 ,02111 .i?21b 1110,17 
Ij .0SoQ . 9c!23 07",711 Ij .000Q .8.5~ 7111,72 " ,0530 ,771;11 1011.51 
5 ,111911 .JilT 2 82.78 5 ,lQll2 .211l0 121.111 5 ,3509 .22311 100.11 
II l,ob 32 . lU81 105,ljl II 1,11081 .2ljo7 1II1;,&b II I • i 1119 . 181i, lil.1I9 
7 1,1I71 .3358 78."" 7 1,0010 .271b 118017 7 .7118& .2121 157 .1111 
8 . 7222 .7 it211 -e.o ll 8 .1992 .72l~ -8,O Ij 8 , 7,99 .72i/a "i.O" 
q .023 9 • 8,S" 15.05 q .5117 9 ,8759 IS.05 .. .Sbl~ , tl7'H IS,O!) 

10 , 11220 .QlS7" "98.lb 10 ,3b,8 ,Q832 005,01 10 ,:i S39 . 97e2 ell.44 
11 ." " 13 

.9'106 5911,b7 11 .5&05 ,Q87.'S bOl,OI 11 .'5470 , 9828 007.&7 
12 . 11725 . q~08 Sqll,b 7 12 .ljI81 .9813 cO 1,01 12 ,432 'S . CJS28 b07,.7 
13 1.31 "0 .1 " 10 140,70 13 1.1 51Q ,1 005 l aO, 10 Il I.OlOO . 05]5 21Q,~, 

111 . 2310 .1 ~lb 111 0.70 111 •• H87 ,1 005 1110,10 II; . ~12" . OSl§ 219,25 
15 .21bb , 9'i1l2 Slll, 77 I S ,22UI ,99"2 !\Sl.77 15 . <?O82 . .. 942 581.77 
11:1 2 ,0 775 ." c;J l wClO.30 l b 1.!!J1 28 ."o :U ,,110.3 0 11:1 1. 82 79 ."bll -" 0 .10 
11 2,Ib 27 .517'1 -55 , 82 17 2 .0 BO . 5 1711 - 55,82 17 1,907 1 • ~ 17 /j -S5,1I2 
16 ,l S 11I . SI7~ -55 ,8 2 IS .1 299 ,S17'1 .~S.82 18 ,i 28~ , '" 17 Q -55,82 
19 , 3038 ,'1 " 08 '"l l,Ob 19 . 3"93 ,11155 2 ,18 l Q ,11830 , 111"7 1 '.5,~ 7 
lO . "000 , 8jl.l" 721.l2 20 • Hl l .7257 77 9 ,50 ilO .1HI . S55 3 81:l 9,9 0 
21 .2 8 18 .1 ~711 It S .ClO 2 1 , 31 117 ,111111 158 .95 2 1 ."b 8 1 , 09 10 l Q8.07 



...... 

nl 150.0F Tel 80,0" IE. 4IO,OF Tljll 180,OF TC~ 80,0r: TE' 4IO,OF TlUI 210.0 F TC' 80,0 ~ n.. 4IO,OF 
COl" ,"!8 ,RACTION ~~ eARNOT.,bbS COP, 1,187 ~RACTION OF CA~NUTi,710 CUPa 1.7'30 ~~ACTHiN UF ~ARNUra, 721 

LINE NO, MASS FL.O'" ~'ONC , ENT~AL.PY L.INE NO, MASS 'L.Oil! CONC, ENTMAL.PY UN£ NO. MASS FL.O,", CUNC • ENTHAL.P Y 

t 1,0000 •• ..,80 012.50 1 1.0000 ,9980 012,00 1 1,0000 .9980 bSl.50 
2 ,1297 .'9S2 5H,lll 2 ,S&c)J ,9.,2 51',07 2 ,9159 ,'9§9 !tU.U 
1 ,005& .!iS09 8.80 J ,01il2 .414&0 :U,b7 1 ,0 III ,3boil 7b.08 
41 .2700 • USJ &OJ,82 41 .1499 ,9b51 Ul.H 41 .olin ,9105 h7,Ji! 
5 ,399& .h09 "S.SO 5 ,'H i5 .4I4I&b l8,H 5 ,4713 .1000 to ,01:1 
& 2.3b91 .41i5" 22,410 b I.U5] ,41018 5&.74 b 1,5109 .1iO'" 97,1I~ 
7 2.2]9S .51ibl 2.01 7 1.5015 ,4141211 3].011 7 1.1i97 ,15b~ 70,91 
S ,11597 • h17 -1,53 8 ,9Sbl .7"17 -3,S} 8 1,01058 ,74117 -l,~J 
9 •• 095 ,"u741 il4I,50 9 .4151 ,90741 ill,50 9 ,121'1 ,90711 l4l.5b 

10 .5H5 .9~.9 578.97 10 ,1&lO .9951 5811.79 10 ,~81 1 ,99ll1 S4H .2i 
I I .ZUII .9~74 571,82 11 ,ill"4I .99&0 58Z.88 1 t .7233 .99"2 588,101 
1i .UOS ,"97" 577 fSi 12 .UIIS ,99&0 58i,88 12 ,iSlO .9911i 5g8,ftl 
11 I. nb I ,lib5 "l5.07 13 l.ll &0 , i/8U Tl! .18 1l 1.U5b7 .il08S, lilt.511 
141 .18.41 .JOOS li,U III .14117 .28413 72.38 141 .llIio .208S 1l1,54 
15 .]91& .,ij.5 519,J7 15 .iZ"5 .99&$ 579,37 IS .~88 1 .9905 579,J7 
tf: 2.40415 ,Sl.5 -)11,58 lb 1.99il ,5205 -18,58 10 1.1108& .!;ii!"" -18.58 
17 l.olln .5U4 -119.311 17 2.ilS41 ,59241 -49.341 11 1,987) .!l9ll1 -49.)41 
1& ,1487 ,59211 -49,]41 18 ,0 9 12 .592 11 -49,111 U .OIl9 '! .!;9211 -49,34 
19 .1409 ,5109 all.OZ 19 .(4159 ,54241 -21,88 1~ ,iol5 ,5137 -9,lo 
20 .5105 .9'03 bl0,99 20 .14110 ,9415j .il9,79 iO ,~ooa .&iAiQ .98,89 
21 .1Z]9 .411112 11,28 21 .12410 .1279 52,341 ZI , I II 31 .lll9i 101,oZ 

I 
w 
N 
I 

T8e 2410,0' lC' 81).0' IE. 4IO.OF T8 e 270,0' T~' 81).D' TE' IIO.Of Ttl' JOO,OF H;, 60.0 ~ n. .. IIO,O~ 

COP .. l,051 FRACTION (iF C:ARNOT~.7Iq cop, Z.1118 'RACTION OF tA~NUl~,bbO coP. 1, 7110 ~~AC T10N UF ~AHNOTi,II86 

L.INE NO, MAIS FLOW ~'tlNC • ENTHAL.PY L.INE NO, MASS ~L.Ow CONC, ENTHAL.PY L.1NE NO, MASS FL.OW CUNC, ENTMAL.PY 

1 1,0000 .9~8U 071,01) 1 1.0000 ,9980 090.50 1 1.0000 .9980 710,00 
2 .94171 .9~]9 591.]0 2 ,9&78 .991t1 598,415 2 ,4i901 ,98,,1 &0&,&0 
:s ,01So .2e30 121,19 l .0275 .21211 107.88 1 .035 1.1 ,1'If'" 2111,7 i 
41 ,07111 .S059 11&,12 /I ,0595 .7518 779.37 /I .0'151 ,S7lIb 880,95 
'5 ,41202 ,2130 121.19 '5 ,3051 ,21ll1 Ib7,88 ., ,2892 ,11151 214,7 1 
& 1,2500 ,211117 14141,&0 0 t,Ol78 ,1780 191, lb II ,715 1 .1155 218,0 11 
7 .8893 .2,80 110.n 7 .li941 ,2077 lbl, H 7 .1t150 , 1It09 l10.8 1 
8 1,0885 .7il17 -1.51 8 I,UIIS5 .74117 ;;'1,5;; s ,8555 . 711 17 -1.51 
9 .H88 .'u711 241.51:1 9 ,2880 ,907 11 211,Sb 9 ,412110 .'*0711 lll,S ~ 

10 .21108 .98941 5"S.29 10 ,2292 ,"8419 005.88 10 ,i89 ! .978'i 013.98 
1 I ,71:197 .9..,lb 595,0 1 11 ,71119 .9882 oOI , 9S I I .bIlOO . 1I81i1 11(19.5 0 
12 ,2200 .9~10 595.0 1 12 ,221i3 .C/SIIZ 1:I01.C/S 12 ,lllI S . 9l1lb 00 9 ,5 0 
13 .8930 .1 j81 170,17 13 .79011 .079 1 217.06 13 .71211 . OC!lu 265,33 
111 ,1I8S .1Ul 170.11 141 .l815 .079 1 217 .OS 14 .illSI1 . 0ilQ lb5,H 
1'5 ,2051 .9905 579.37 15 ,150S ,9911S 579.17 IS ,ins . 11905 5~9 .:s1 
Ie 1. 11279 , SibS -)8,56 Ifl l.sHfI .5l&5 -)8.56 Ie 1.4I7 i & , !lio'S -111.$8 
17 1, 83143 .!I<il41 -'19.111 17 I.nib ,5924 .il9.1'l 11 1,& 299 o ~1i2 '1 -49.3 11 
18 , 0585 .5~Z4 .'I9.l'l lEI ,0588 , 592 '1 eIl9.3 '1 16 . 08 25 . S9lQ -49,;i Q 
19 ,1C/fll .'Ia78 1:1 . 02 I ii! .27!11 ,"&" 1 ZI .I:oC\ 19 ,liO l"1 ."li l" 57 . ] !! 
2 0 .22S :! .7;38 75 11. CJ b 2 0 . 2 129 . 5fi n l&a .H l O . 27 02 . :i~ &l7 l ois . 51 
2 1 .1 !l OS .1 1'5 4 15 0.1.15 2 1 . 2 5 11 9 . 112e. 1 ~ 7.5b 2 1 .ilB lO . 0548 2 IO Q. q ~ 
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