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ABSTRACT 

An advanced absorption refrigeration cycle was proposed as a heat­

activated refrigeration system. Referred to as the double-effect 

regenerative absorption cycle or cycle 2R, it improves the performance 

of the conventional single-effect absorption cycle at high heat source 

temperatures. The performance of cycle 2R continually improves as 

input temperatures rise, in contrast to the conventional double-effect 

absorption cycle that has a sharp cut-off temperature below which it 

ceases to operate. Cycle 2R operates with two subcycles, the first­

effect and the second-effect subcycles. The second-effect subcycle is 

a conventional single-effect cycle activated by heat rejected from the 

first-effect subcycle. The first-effect subcycle is a new absorption 

cycle operating with a multi-pressure-stage boiling process (boiler) 

driven by the heat source in such a way that the boiling process occurs 

essentially at constant temperature. A regeneration--processbetween 

the first-effect boiler and the second-effect generator makes possible 

the recovery of heat that oth~rwise would be lost, thus improving the 

efficiency of the system. 

The advantages of cycle 2R over the conventional cycles are: 

- A continuously higher practical coefficient of performance (COP) 

at increasing input temperatures, following the Carnot COP trend 

(about 63%) • 

- A much lower practical cut-off input temperature. Practically, 

cycle 2R works at any heat source temperature about 40°F higher than 

the condensing temperature. Theoretically, cycle 2R has no cut-off 

temperature. 
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NOMENCLATURE 

Z mass flow rates relative to the mass floW rate of line 2 (Fig. 3) 

r return ratio defined as: 

(mass flow rate from station 10 to station 11) 
r = (total mass flow rate at station 10) See Fig. 1 or 2. 

s fraction of the total mass flow rate from station 1 to station 2 

diverted to station 7 (Fig. 1 or 2) 

T temperature, of 

X concentration, weight fraction of refrigerant in mixture (either 

vapor or solution) 

p pressure, psia 

h enthalpy, Btu/lb 

G generator 

C condenser 

E evapora tor 

R recuperator 

B boiler 

o condenser-absorber 

Terms used in computer print-outs: 

DT = T4 - T3 (See Fig. 3) 

Max. Recoverable Heat in Preheater: Total heat obtained when Z3' Z4' 

z14' z15 and z16 are cooled to TO in the preheater. 
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INTRODUCTION 

The double-effect regenerative absorption refrigeration cycle (or 

cycle 2R) is an effort by the Lawrence Berkeley Laboratory to design 

an efficient cooling system for solar applications. Present solar-

activated cooling systems have either a low efficiency or a sharp cut-

off temperature that prevents the effective use of highly variable 

solar radiation. Conventional single-effect absorption systems have 

a low coefficient of performance (COP) of the order of 0.70 and a 

sharp cut-off input temperature of about 200°F. Conventional double-

effect absorption systems have a good COP of about 1.10 but unfortunately, 

they also have a sharp cut-off input temperature of about 300°F. This 

high cut-off temperature may render the system inoperative (or operative 

with very low collector efficiencies) during a considerable period when 

solar radiation is low. Rankine-vapor compression systems have no cut-

off input temperatures but their COP's are likely limited to less than 

50% of the Carnot COP. 

The cycle 2R described in this report has a continuously increasing 

COP at higher temperatures, approaching 63% of the Carnot COP. This 

cycle works efficiently with input temperatures from 160°F to about 

300°F (the condenser and the evaporator temperatures being llOoF and 

40°F, respectively). 
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DESCRIPTION OF CYCLE 2R 

The operation of cycle 2R is described below and numerically traced 

in Figure 1 (thermodynamic cycle) and Figure 2 (schematic of the 

conceptual design of the system). Note that in Figure 1 the boiling 

process, station 7 to station 8, is represented by eight essentially 

constant pressure boiling stages whereas in Figure 2 that same process 

is represented by only three boiling stages. Correspondingly, for the 

resorption process from st~tion 9 to station 3 there are nine essentially 

constant pressure resorption stages in Figure 1 and only four in 

Figure 2. The correspondence between Figure 1 and Figure 2 is complete 

if: 

- the middle boiling (zig-zag) coil of the boiler in Figure 2 is 

visualized as repeating itself six times. 

- the resorption (zig-zag) coil and pump-stage i of the generator 

in Figure 2 are visualized as repeating themselves six times. 

Cycle 2R consists of two subcycles, numerically traced in Figures 1 

and 2: the second-effect subcycle (stations 1-2-3-4-5-6), and the 

first-effect subcycle (stations 2.,...7-12-11'-8-9-10-.13-3). 

OPERATION OF THE SECOND-EFFECT SUBCYCLE 

The second-effect subcycle is a conventional single-effect 

absorption cycle that incorporates the high pressure (HP) vapor line 

within the solution preheater (Fig. 2) so that more heat recuperation is 

possible. Rectification of the HP vapor in the preheater produces a 

condensate that is extracted about halfway through the preheater. 

In the second-effect subcycle the strong solution (rich in refrigerant) 
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at station 1 is circulated by pump C from the evaporator pressure 

through the preheater to station 2 at a pressure slightly higher (about 

15 psi) than the condenser pressure. At station 2 the mass flow rate 

of the strong solution is split into two streams by two calibrated 

orifices. Because the pressure drop across the two orifices is almost 

equal, the sizes of the orifices determine the relative mass flow rates 

of the streams. This flow splitting need not be accurate since its 

influence on the performance of cycle 2R is small. For the NH 3/H20 

pair, an allocation of 17% to 22% of strong solution diverted to station 

7, and 78% to 83% to station 3 seems to be a good choice. 

The second-effect subcycle continues from station 2 to station 3 

through the. generator (shell side of the generator). This is a constant 

pressure generating (or boiling) process heated by the resorption 

processes from station 9 to station 3 (tube side of the generator). 

At station 3, the generating process 2-3 (shell side) produces a 

mixture of vapor and weaker solution at condenser pressure. This 

mixture is separated into its two components which are fed into 

different lines of the preheater where they exchange heat to the strong 

solution. The cooled weak solution exciting the preheater at station 

4 is expanded through a restrictor to the inlet of the absorber where 

it starts absorbing the refrigerant vapor coming from the evaporator. 

The cooled high pressure vapor exiting the preheater is fed into the 

condenser where it condenses at station 5 and is stored in a tank. 

The condensed liquid refrigerant is precooled and expanded into 

the.evaporator for the production of refrigeration. The expansion 
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valve for the liquid refrigerant is controlled proportionally to the 

difference in temperatures between the refrigerated medium and a preset 

value. This valve closes completely at and below the preset temperature. 

The maximum opening of this expansion valve sets a limit to the maximum 

cooling capacity of the system. 

The circulation outlet, pump C, is also fitted with a temperature 

(or pressure) controlled proportional valve. When the evaporating 

temperature (or pressure) rises above a preset value, this valve opens, 

and conversely it closes when the temperature drops below the preset 

value. The maximum pumping capacity of pump Cis chosen such that 

there is enough solution to absorb the maximum refrigerant flow to the 

evaporator under the most unfavorable conditions. For instance, it is 

capable of a circulation ratio (circulation ratio = strong solution 

flowrate/refrigerant flow rate) of about 17 for NH 3/H20 solutions. 

Because the system is intended-tooperatewrtl1Yn----a-gi ven -range-

of temperature conditions, two storage tanks are used to adjust the 

concentration of the solutions: the refrigerant storage tank at the 

exit of the condenser and the strong sol.ution storage tank at the exit 

of the absorber. For example, on a very hot day the absorber temperature 

can reach 130°F, if NH 3/H 20 solutions are used in the system, and the 

concentration of the strong solution can be 0.41 at pump C (the 

evaporator temperature being 40 of). On a relatively cooler day, on the 

other hand, the absorber temperature can be 105 of, producing a strong 

solution concentration of 0.49. The excess NH3 resulting from the 

concentration change is stored in the refrigerant storage tank. The 
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original solution charge must be strong enough for the lowest anticipated 

absorber temperature and the highest evaporator temperature. Storage 

tank volume must be calculated according to the anticipated concentra­

tion changes and the solution-holding capacity of the system. 

To operate cycle 2R at its maximum, that is, to operate it within 

a large range of temperature conditions with a COP approaching a high 

percentage of the Carnot COP, it would be desirable to manage the 

storage of the heating, cooling and refrigerated media such that the 

system operates at its highest COP. For example, with a heat source 

of 270°F, a heat sink of 75°F (night cooling), and a cold storage at 

45°F, the COP of the system can be about 1.4. A possible scheme would 

be the storage for a heat sink by night cooling, a cold storage, and 

operation of the cycle 2R during solar energy collection without a 

hot storage. 

OPERATION OF THE FIRST-EFFECT SUBCYCLE: 

The first-effect subcycle consists of four main processes: 

1. The bdilingprocess (stations 7-12-11-8) in which the solution 

uses heat from the heat source to generate vapors at many pressure 

stages such that the whole process occurs at approximately constant 

temperature. In Figure 1, the boiling process starts at station 7 and 

continues at constant pressure until the solution reaches its maximum 

boiling temperature (260°F as shown in Fig. 1) compatible with the 

heat source temperature and with the heat transfer characteristics of 

the boiler. This segment of the boiling process corresponds to the 

first (from left) zig-zag coil of the boiler in Figure 2. At the end 
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of the coil the solution is separated from the vapor. Since this 

vapor is at condenser pressure, it is fed to the condenser via the 

preheater. But before entering the preheater, this vapor is partially 

rectified by direct contact in a packed pipe with a cooler solution 

bled from the generator. The 9% bleeding lines are shown in Figure 2. 

At the end of this first segment of the boiling process, the 

solution (separated from its vapor) is expanded through a restrictor 

to a lower pressure stage for further boiling. This boiling process 

continues throughout the many pressure stages, where the solution boils 

at constant pressure until it reaches the maximum boiling temperature 

(e.g., 260°F as shown in Figure 1). At the end of each boiling stage, 

such as at station 12, the vapor and the solution are separated into 

two different paths: the solution path which continues the boiling 

process (that is diverted to station 11 for expansion to a lower 

pressure boiling-stage), and the-vapo-rpathto--station -I3~ The-vapor 

path from stations 12 to 13 is part of the solution return process 

discussed later. 

2. The regeneration process (heat exchange process between line 

2-7 and line 8-9). At the exit of the last boiling stage, the solution 

(separated from its vapor) is expanded to evaporator pressure. This 

solution at high temperature and low pressure is very weak. It can 

absorb vapor boiled off from the evaporator to release a substantial 

amount of heat at high temperature (llne 8-9). This heat is absorbed 

by the boiling strong solution (at condenser pressure) from station 2 

to station 7. The vapor generated by the boiling at stations 2 to 7 

augments the vapor from the generator (stations 2 to 3 ) for a higher 
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system COP. The regeneration process occurs in the recuperator shown 

in Figure 2. The operation of check valves a, b, c, d and e in Figure 

2 will be detailed later. 

3. The resorption process (stations 9-10-13-3). At the outlet 

of the recuperator, station 9, the solution temperature is determined 

by the heat transfer characteristic of the recuperator. This temperature 

may not match the temperature of the resorption process, that is, the 

temperature of the. generator. Therefore this solution is fed into the 

first coil of the generator (from left of Fig. 2) so that further heat 

exchange can occur for temperature matching. 

The resorption process starts at pump stage 1 where the solution 

coming from station 9 is pumped to the first resorption stage. Each 

resorption stage occurs at essentially constant pressure across each 

corresponding zig-zag coil of the generator (Fig. 2). Each pressure 

stage of the resorption process corresponds to a boiling stage at the 

same pressure. Each boiling stage produces vapor (such as the vapor 

flowing from station 12 to station 13) that is absorbed by the solution 

pumped up from a lower pressure stage (such as at station 10). 

The resorption process continues until station 3, where the outlet 

solution mixes with the weak solution exiting the shell side of the 

generator (that is, exiting the generating process 2-3). 

4. Thesolutionreturrtprocess (stations 10-11-12-13). The 

solution return process is the ensemble of flow paths similar to paths 

10-11 and 12-13. Each pair of paths, such as 10-11 and 12~13, occurs 

at constant pressure in a packed segment of pipe where the hot vapor 
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produced by each boiling stage exchanges heat and mass (by direct 

contact) with the solution bled from station 10. The return ratio 

is about 8% to 14% for NH3/H 20 solutions and 8 pressure stages, that 

is, 8% to 14% of the output of each pump stage is returned to the 

boiler. The remaining 86% to 92% of the solution continues the 

resorption process. The value of the return ratio does not greatly 

influence the performance of cycle 2R. A good return ratio for NH3/H 20 

solutions seems to be 10%±2%. 

OPERATION OF THE CHECK VALVES 

Let T off be the cut-off temperature of -the conventional single­

effect absorption cycle. If cycle 2R is to be operated only with input 

temperatures higher than, say, T off + 15 of, then the check valves 

labeled a, b, c, d and e in Figure 2 are not needed. They are used 

only to insure the proper flow direction of the vapors when the input 

temperatures change from higher to lower than Toff ' 

Operation of cycle 2R with input (boiler) temperature higher than 

Toff has been described above. In that operating regime, check valve 

a is opened by the high pressure vapor produced in the first coil of 

the boiler. The vapor is produced by the solution exiting station 7 

which is at a cooler temperature than the boiler, and thus continues 

to boil in the first coil. The vapor is at a higher pressure than that 

of the condenser. The same higher pressure closes check valve band 

opens c so that the vapor generated in the recuperator can escape to 

the condenser. At the same time, the pressure at station 9 is lower 

than that of the evaporator (because of the cooling and absorption of 
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vapor), allowing the evaporator vapor to be fed to the recuperator 

through valve d. This same lower pressure closes valve e, allowing 

absorption to continue in the generator from station 9 to the inlet of 

pump stage 1. 

In operating regimes with input temperatures less than T
off

' cycle 

2R functions with the same processes described above, except for the 

following: 

1. Solution return process 

- Lines 10-11 have the same flow direction but are cooling down 

instead of heating up. 

- Lines 12-13 have the same flow direction but are heating up 

instead of cooling down. 

2. Regeneration process 

- Line 8-9 has the same flow direction but is boiling and giving 

off vapor instead of absorbing. 

- Line 2-7 has the same flow direction but is absorbing vapor 

coming from the condenser instead of generating vapor for the condenser. 

Thus I the r.egeneration process decreases the vapor output to the 

condenser and increases the vapor load to the absorber. This reduction 

of performance is understandable because with a lower input temperature, 

a lower COP is expected. Here, the first-effect subcycle of cycle 2R 

can be considered as a heat pump subcycle that uses the boiler heat 

input to pump heat from the heat sink to a temperature high enough to 

run the second-effect subcycle. 
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Check valve a is now closed because the temperature at station 7 

is higher than that of the boiler; thus, the solution continues to 

absorb the vapor coming from the condenser in the first coil of the 

boiler. The pressure in this absorption process is necessarily lower 

than that of the condenser. Therefore, valve b is opened and valve 

c is closed. Process 8-9 is now a boiling process giving off vapor 

at higher pressure than that of the evaporator. This high pressure 

closes valve d and opens valve e to allow the produced vapor to escape 

to the absorber. 

ESTIMATION OF TIlE PERFORMANCE OF CYCLE 2R 

Figure 3 and the assumptions listed in Table 1 are used to 

estimate the COP of cycle 2R using NH3/H20 solutions. 

ASSUMPTIONS CONCERNING THE MASS FLOW RATES 

- All mass flow rates are relative to line 2, that is, 

Z2 = 1.0 Ib/hr 

- Let r be the return ratio, then (for 8 stages) 

(For 8 pressure stages r is from 0.08 to 0.14 and R from 0.32 

to 0.56.) 

The ratio Z2/Z1 is given as s (s is about 14% to 22%) • 

Other assumptions 

- To simplify the calculations for the preheater, it is assumed 

that the strong solution entering the generator is at a 

temperature equal to: T2 = saturated Temp. at Xl and Pc + 15 psia. 
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Table 1. Assumptions concerning the properties of the lines in Figure 3. 

T
B

: highest boiling temperature 

T: lowest absorbing and condensing temperature 
.0 
T

E
: lowest evaporator temperature 

T
off

: saturated temperature of the solution of station 1 and at Pc +15 

Pc: condenser pressure 

P
E

: evaporator-absorber pressure 

Line No. Temperature, OF Pressure, psia Saturated 
Phases 

1 TO PE Liquid 

2 Toff P
c

+l5 

3 T -DT 
4 Pc 

4 T4 Pc 

5 T
O

+20 Pc 

6 (T4+TO)12 Pc 

7 T7 Pc 

8 TB P =P (p IP )0.15 
LEe E 

9 T -DT 4 
P------------

E 
10 T -DT PM 4 
11 Tll P =P (p Ip )0.33 

M E C E 
12 TB PM Vapor 

13 T4 PM 

14 T4 Pc 

15 T4 Pc 

16 T4 Pc 

17 T
O

+20 Pc 

18 T -20 

° 
P

E 
19 (T4+TO)12 Pc 

20 T -10 4 
P

E 
21 T -10 

° 
P
E Liquid 

22 Toff P
c

+l5 Liquid 
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Other heat exchanger characteristics are given as a temperature 

approach. For example, the precooler has a temperature approach 

of 10°F (lines 21 and IS have a temperature of TO - 10°F). 

- DT is the difference between the highest temperature of the 

generation process (T4) and the lowest temperature of the 

resorption process (Tg and T3). DT is about 2° to 6°F. 

METHOD OF CALCULATION 

The unknowns to be calculated are: 

- the 21 mass flow rates, Zl to Z2l' 

- the temperatures T7, T4 and TIl' for a total of 24 unknowns. 

Eighteen mass and species balances can be wri tten around the 

components of the system. There are three given mass distribution 

conditions, namely: 

Z2 = 1.0~ 

ZIO = Sr(Zg + Z3)/2, r = O.OS to 0.14~ 

and 
sZl' s = 0.14 to 0.22, 

or 

and 3 energy balances, namely: 

Return process Z12 h12 + ZIO hlO = Z11 h11 + Z13 h
13

, 

Regeneration Z20 h 20 + Zs hS - Z9 h9 ~ Z15 h15 + Z7 h7 -

Resorption Z13 h13 + Z9 h - ZIO hlO - Z3 h3 = 9 

Z16 hl6 + Z4 h4 - (Zl - Z2)h2 . 

Thus, there are 24 equations for 24 unknowns. The cooling load is 

calculated from: 

Z2 h 2 , 
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whe~e h17 is evaluated at the outlet of the. condenser, that is, at 

saturated liquid at Tc and x17 • X
17 

is the saturated concentration 

of the vapor at P and T + 20°F. Lines 5 and 6 are expanded directly 
c c 

into the precooler. 

The heat input QB is calculated from: 

Table 2 summarizes the solution of the mass and species 

balances. 

The above coefficients Fi are calculated assuming T4 and T7 are 

known. Initial values can be taken as: T4 = Toff + 10°F and T7 = 

TB - 10°F. Values for the concentrations and enthalpies are taken 

(at known saturated T and p) from "Physical and Thermodynamic Properties 

of Ammonia-Water Mixtures," Research Bulletin No. 34, IGT, AGA. 

Now, T7 is corrected by the energy balance of the regeneration 

process: 

Q = R Z20h 20 + Zshs - Zghg , 

Z15/Z2 (QR - Z7h7 + Z2h 2)/Z2h15 = A • 

Since ZllZ2 (X2-X7)/(X15-X7) = A 

X7 = (X2 - AX
15

)/(1-A) 

Therefore, T7 corrected = table (X7 , Pc) and 

h7 = [table (X7 , T7) + 0.6 h7 previousl/1.6 • 
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Table 2. Mass flow rates as functions of X. 

Solve the mass 
balances for 
the lines: 

S; 9; 20 

9; 13; 10; 3 

7; 15; 2 

a; 14; 7; 10; 13 
Solve for Za and 
set Za=FaZ20 to 
get Z20 

To 
mass 

Z9 

Zs 

Z3 

get these 
flow rates: (R and S given) 

= F
9

Z
20 

= FSZ20 

= F3Z
20 

F15 = (1-F7) 

F20 = F7(X14-X7)/(FS(X14-XS)-

F 10 (X14 -XlO ) + (X14 -X 13 ) F 13 
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T4 is corrected by the energy balance of the resorption process: 

where Zl' Z4 are given by the mass and species balances for the lines 

16, 4 and (1-2) as: 

and 

Therefore: 

and 

This iterative procedure converges very fast, and five to seven 

iterations should produce results accurate to a few hundredths of a 

degree, of. 

As of now the following results have been obtained: 

T7 and T4 

Z' 
'2 Z2 

Z3 :;: F
20 F3 Z2 

Z7 F7 F2 

Zs ::: F
20 F8 Z2 

Z9 F
20 F9 Z2 
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ZIO = F20 FlO Z2 

Z13 = F20 F13 Z2 

Z14 = F14 Z2 

ZIS = FIS Z2 

Z20 = F20 Z2 

Zl = Z /s 2 

Z16 = B (Zl-Z2) 

and Z4 = (X16-X2) (Zl-Z2)/(X16-X4) . 

Z12' Zll and TIl are now calculated from the mass and species balances 

for lines 7, 14, 8, 11, 12 and the enthalpy balance of the return 

process: let hll = hlO (for a first guess, to be corrected), 

a = Zl3 - ZIO ' 

Then: 

b = Z13h13 - ZlOhlO 

c = Z13Xl3 - ZlOXlO 

and d = b - ah12 • 

Zll = d/ (h12 - hll) 

Z12 = a + Zu 

Xll = (Z12X12 - C)/Zll ' 

Tll = Table (XU' PM) , 

hn = [Table (X
ll

, TU) + 0.6 hll1!1.6 . 

With this corrected value of hll , recalculations can be made for Zll' 

Z12' TIl' and hU· The conve.rgence of Tn should be obtained in less 

than seven iterations. 
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The computer program for this system should be simple, as shown 

in the following flow chart (Figure 4): 

C Start ~ 
t 

Read TB, TO, TE 

R, S, DT 

Interpolate NH
3

/H
2

0 

tables to get: 

Pc = Table (X=0.995, TO) 
P~ = Table (X=0.995, TE) 
XI = Table (PE, TO) 
Toff=Table (XI, PC) 

First guesses! 

= TB - 10. 

Set values of 
P(I) 

and T(I) 
According to Table 1 

Interpolate tables 
to get X(I), H(I) 
of the lines not 

affected by T4 , T7 

1 

Figure 4. Flow chart of 
the computer program for 
estimating the performance 
of cycle 2R. 



Interpolate tables 
to get X(I), H(I) 

affected by T7, T4 

Calculate F(I) and 
Z(I) as given in 

Table 2 

Correct T7, T4 

Calculate 
a, b, c, d 

21 

Not 
Satisfied 

NO 
Set T7 = TB-IooF 
X7, h7 are now 
known. Iterate 
only T4 with new QG' 
QG' = QG+QR-Z1Sh1S 

- Z7h7 + Z2h2 
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Not 
Satisfied 

Satisfied 

Mass & species balances! 

1. For lines 14, 15, 16, 19, 6 
to calculaote Z12' Z6 

2. For lines 14, 15, 16, 18, 21 
to calculaote Z18' Z21 

3. For lines 19, 5, 17 
to calculate Z5' Z17 

[_--LJ--~ -~' t~~ 

G~~ 
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RESULTS 

Calculated COP are plotted in Figures 5-:-11 versus some important 

parameters. The computer outputs are listed in Appendix I. 

In figure 5, the COP of cycle 2R is compared to other cycles, 

namely, the common-condenser double-effect cycle, the cycle lR, and 

the basic single-effect cycle. (A detailed description of cycle lR 

can be found in Reference 1, of the basic single-effect cycle in 

Reference 2, and of the common condenser double-effect cycle in 

Appendix II.) 

Figure 5 shows that cycle 2R performs as well as the single-effect 

cycle at low boiler temperatures and as well as the double-effect at 

high temperatures. The COP of cycle 2R increases continuously with 

boiler temperatures. While this is slightly less than the COP of cycle 

lR, the configuration of cycle 2R is less complicated and only a 

careful cost analysis of the two systems can determine which one is 

better. The absence of cut-off temperatures is a feature of cycle 2R 

that makes it superior to double-effect cycles. 

Figure 6 shows that at low condenser-absorber temperatures T , 
o 

and high input temperatures TB, the COP of cycle 2R can be substantially 

higher than double-effect cycles. 

Figure 7 shows that cycle 2R can be used as heat pump for heating 

purposes since it has an acceptable COP at TE of about 10°F. 

Figures 8-10 show the small influence of r, sand DT on the 

performance of cycle 2R. 
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The influence of the size of the preheater (or preheater 

effec·tiveness) is shown in Figure 11. It seems that the preheater 

effectiveness must be greater than 0.85 for good system performance. 
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APPENDIX I. OTHER DOUBLE-EFFECT CYCLES 

The "conunon condenser" double-effect cycle (Fig. A) is an 

alternative to the conventional double-effect cycle which cannot be 

used with NH 3/H 20 mixtures because the pressure in the generator of 

the first effect would be too high (about 900 psia). In the 

conventional double-effect cycle, the condensation of the refrigerant 

vapor generated from the first-effect generator releases heat to boil 

out refrigerant in the second-effect generator. In the uconunon 

condenser" cycle the refrigerant vapors generated by both generators 

are at the same pressure; they are subsequently rectified and condensed 

in the same condenser. 

The "common condenser" cycle is essentially the coupling of two 

conventional single-effect cycles. The first single-effect cycle 

operates at high generator temperature to boil out refrigerant -vapor at 

the common condenser pressure and absorbs refrigerant vapor at the 

common evaporator pressure (the evaporator is common to both coupled 

cycles). This absorption of vapor releases heat at a temperature 

high enough to boil out refrigerant in the generator of the second 

single-effect cycle. 

The conventional double-effect cycle is also essentially the 

coupling of two single-effect cycles. The difference between the 

conventional and "common-condenser" cycles consists in the mode of 

coupling: For the conventional double-effect cycle, the coupling is 

between the first-effect condensing process and the second-effect 

generating process; for the "common condenser" cycle the coupling is 
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between the first-effect absorption process and the second-effect 

generating process. 
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APPENDIX II 

CALCULATED MASS FLOW RATES 

AND OTHER RESULTS 
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.:?blle 
.072! 
,?ot1 
.21>A7 
.'U2~ 

E>JTHALPV 

"2J.5 
711.? 
~JJ III q 

sq.1> 
0;1'1,2 
_lIII R 

17A." 
?32.b 
122. , 
10b.C; 
1'1",0 

I 

MASS FlOIo 

5,5,510 
1.0000 

.q'581l 
LJ~o807 

.031\'5 
,:ObH 
, HIt) 

1~~037 
1.5"ib lJ 

1.00bl 
I~0228 

ltPIJE TFMp 

12 ?",/l.r 
t 3 i'l I). '5 
til ;> It). r; 
15 210.0:; 
Ib <'10.5 
17 1211,0 
III lon.o 
IQ Ib n .2 
20 <,on.5 
21 100.0 
22 1'11...'1 

PRESS 

10'1.1) 
10'1,0 
2115.'1 
2/1'5,'1 
2115.'1 
211'i,q 

7'5./l 
?1Ir;.q 

73. n 
73.n 

2bO,<I 

cnNC 

.'5/,'13 

.8'181 
~q'5b1\ 
~'15bO 
~'1'5I>O 
.'1'1a'1 
.qqC;1> 
~qqtb 

~8'0? 
~S06q 
:4110; 

ENTHALPV 

883.0 
6'10.S 
1>1111.8 
bllll.8 
6 11'1.8 

Aq.1> 
S83.3 
Sq7.b 
'02,1 
.. 33.10 
14.2 

MASS PLO~ 

.11252 

.40eS 
•• (l0~2 

.2'1'10 

.4b'1 2 

.b513 

.70\3 

.~q,!8 

.2527 

.Ob17 
1I.5'55E! 

fR: ?qO.OF TC= 11~.OF T~z au.OF RE~URN ~ATTOz.l00 Z2/11=.180 OT= /.1.0 COP: I.OIS FRACTInN OF CARNOT-.S'l? 
MAX RECOVERbRLF NEbT IN P~E~E6TER= I>A8:0 PREHEATfR FFF. USED= ~8AI> COP WITH PREH. FFF. OF 0.qzl.032 
cnnu NG PER LP OF TnTAL V6P, GENERATED= 4~?,Q HEAT TO GFNfRAT~R PER LR nF VAP~= 707.4 n " 

L t'JF TEMP PFlE~S r.'1NC ENTHAL ",bSS Fl OW l tNE. TF~P PRESS cnNr. EPlJTHnpy MASS FL.OW 

1 "Q:(\ 13:0 .<1715 -23,'5 '5;S5'5b 1 ? 2"n,o 10'1.0 ~IIAI!1 q3?3 .4]1)3 
? Iq~~" .,"0;'1 .1171 S 74.;> 1:00(1) I ~ 211 .1 10'1.0 : Mob bqltE! ./1(188 
3 207.1 21j5. '1 .1I?b! <I'5.b ,qbO'l I II <' 1 1 • , 2115.'! :'15S' b I15.'5 -.0008 
II 211: I 2!1'5~q ,111 111 '10.4 11.072'1 10; 211. I 2I1S.'I :'1'553 bIlS.r; .32111 
0:; 120:0 2 11 5:" .$1.1>/;17 SA.2 !O410 110 211.1 2115.'1 :'15S3 baS.5 .4831 ., IbO:" 2a5~q .<;1170 .lJ.Q .0720 I? 12/1.0 2115.'1 :'1'1aq Aq.b .10'107 
7 2~1) ~ 0 24 5.'1 .?4?~ 1'14, I :b'Bb 11'1 100.0 73.0 :'1'15b '5A3,3 .1314 
II 2qo.n P,7.1> ,OS33 ?/j7,4 1.27Cl? tq 11>0.b 2115,<1 ,'1'11'; 5Q7,q .7317 
<I 207:, 73~O ,201)2 123.1 1,5~O7 ?n 20' ,I 73.0 .8bB2 '03.'1 ,2at!! 

I I) 207.1 IO'1sO .i'1>72 107,5 1,00Ab 21 lon.o 73,0 :50bq -33.1> .Obb3 
1 ! 27b~b In'1.o ,I Dqq ??O,i' 1.030 I 22 Iqf,.'1 260.'1 ~1I1tC; '14.2 U.55S6 

TA: JOO.OF" Tr= 1I0.0F TE= lJo.OF RE!IIIR'- ~ATTO=.IOO Z?IZI=.18Q OT" 11.0 COP" I~031> FRACTInPIJ Or: CAPNOTIII.5I!O 
MAX I'IECfjVERARLf I"EH II! P~HEATER= 6'11'15 FREHEATER EFF. IIStD= .88a COP ~ITH ~R"'H. HI". or n.qzl.055 
CO~LING PER LR OF TOTAl VAP. GF~ERATED9 1152.1 HEAT TO GFNFRATnR PER LR nF VAP." 70'1.'1 til 1 

I 
UNF '''''I' FRESS rUNe fNTHALPvl "'ASS FLIl" U"E TFMP PRfSS CO~C FNTHALPY MASS FL.O" 

j In: 0 73;0 
! 

1 .1l715 -23,0; '5,5<;S6 12 300.0 10'1.1) :3'17£1 '185.4 .11383 
? lClb. '1 2bOsQ ,IJ 71 ~ 7IJ,? 1.0000 1 ~ ? 11.7 10'1.0 ~a'15n b Cl 2.S .!lOqS , 207;1 2a5.q .112114 "0,3 ,'1b2b 1'1 211 • ., 2115,'1 ;'15I1S 6 1Jb.2 .nOllO 
iJ 211 ;7 2!JS:q .IJ 1 ;:0 II '1 1,1 11,0<;1\<; 10; 2".7 2115,'1 .'1S1I5 /:IIlb.2 .3111? 
<; 120;0 211S~'1 ,II!ob7 'iI\,2 ,OIHS 16 211 .7 2110;.'1 ;'15/j'5 b ll b.2 ./J'1b7 

" H,n:q 205.'1 .c;B57 -5.' .071>b 1'7 ! 20.0 21J'5.'l :'1'1a<1 A'1.6 .T2:!!! 
7 2<10:0 211S:'1 .?208 20'1.7 .1>0;83 \ ~ 1 nn," 73,0 : qq% SII3.:!! ,7Hb 
'I ;00:0 I'I7;b • n 3/15 2.,~.0 1 .25';;:> 1 q 16 n ,'1 24'),'1 :qqtLJ 59!!,! .7b'38 
Q 2017;' n.n • , QII5 12!J.3 1 ;563'5 20 201 I,'" 71,0 :810100 705.2 ,108] 

10 207:7 II)Q;O • ?b'56 101l,<; 1.0\ 00 21 101 n. 0 7,,0 ~SObq .. 33,10 ,OTtl8 
II 2Clo;:O 10'1.0 .01131 i'IJ Po 0 I 1:0~q? n I<)(,.Q 260.<;1 :4715 11l,2 1J.'55511 

~ 
0 



TRS 18n.OF Te= <1~.OF fEs aD.O~ R~TURN RAT!Os.100 Z21l1=.180 OT: ~.O COPs :82b ~RACTION OF CARNDTc.&8~ 
~AX RECCVF,Ra8LE MEAT IN P~E~EATER= /l6~:8 PPEMEAT~R E~F. USED= :'13& COP ~ITH RRE~: EFF. OF (l.Cla .778 
conLING PER LP OF TOTAL v~p. GENERATED: a8".~ HFAT TO GFNERATOR PER LB nF VAP~: 6?CI.8 & " 

UN!! TE~P PRESS CONe ENTHALPV '"ASS ~U1W UNE TEMP PRESS CONe: FNTHALPV MASS 'I.ow 

I '10;:0 13;0 .'5260 a38,<, 5.555b 12 lAII.O 10t.o ;<1l1n &117.7 .1&58 
2 1&/1;2 210.0 ."i26C 3'1.6 1.0000 n 170. 11 101.0 ~q'iAA &3&.0 .J&81 
3 166.11 1'15.0 • ~ q.A S /JO.I> .q!.lIlA III 170. a 1<15.11 :'"1211 &la.2 .0120 
/I \70 ~ II 1<15:0 .aA~~ 1I<I.b 1.1,17'15 l'i 170,11 1<15,0 ,'11\211 0\11.2 .!lbClS 

'i 10'5:0 I'IS:O .IISIIO 3A.1 ~ 0 106 111 170.11 1'15.0 ~q1\211 b14.2 • J7et 
6 t:'l2~ 7 1'15:0 .blll I -13,6 .01b7 17 10"'.0 1'15.0 ~qqql 71.8 .~:HO 

7 11>11:4 1'15:0 .II<1IG 112,6 .(no'5 III 1'10;.0 73.0 :'1'17<1 5711.1 • 4~l!a 
A 180:0 /111:0 .<,Cl33 72,0 1~5b/lt 11/ 132.7 jqS.O :'1'15'7 5 115.B .&I&lU 
q Ibb:(I 73;0 .301l~ r:;a.7 I ,5C11 n 20 tbll. 1I 73.0 ~qr:;51l b3&.A .0270 

\(l 166;4 111 1,0 • 3bt 3 11'5.3 1.01113 21 A'i.O 73,(1 :5bAO .lIb.l .0161 
t I 1611.~ 101.0 .35r;p (j1l.2 1.1)121 22 H.Il.2 <'10,0 ~'52on 3'1.11 &1.5'5'50 

T~~ 220.~F TCe Cl5.0F -TE= U(I,OF RETURN RATYO:.IOO l2/71=.180 OT: 4.0 r.OP: 1.0'11/ FRACTlnN OF CARNryTa.&57 
MAX QEe:rVERARlF ~EAT IN PWE~FATER= IIl/b:l PREHEATFR EFF. USED: ;<118 ClIP wIT~ PRFH. ~FF. OF 0.qat.077 
cnnLT~G PER L~ OF TOTAL V~p. GFNFRATED: U1l2.6 HFAT TO GEN!!RATOR PEN LR OF VAP;= 111I5.b II 5 

LtN~ TEMP pRESS CO~C ENTHALPY MASS FLOW LTNE TEMP PRESS CONe ENTHALPY MASS FLOW 

I CI'5.0 73:0 .5260 _]A.? 5.5556 12 ?20.0 101.0 :8602 715.1 .3541 
2 1&1l;2 210;0 .'5260 3C1.6 1.0000 I~ 172.8 101.0 :'10;&<' b~e,7 .J&22 
3 168.1'1 ICl5:0 .aCl06 42.CI .'11108 III 17<'.11 1'15.0 .I/AI3 bl&.11 .0232 ~ 
q 112~1I lClSsO .a771 47.0 4.1132 15 172. R 11/5." ;'11\11 &1&.4 .2573 ~ 
5 105.0 I<1S:0 .~5RC 311.! ,017'5 16 172.8 1'15.0 .ql'l\~ &lb.4 .4420 
6 133.q ICl5.0 .63117 -111.7 .0285 11 10'i.0 1'15.0 .I/CII/l 11.8 .&7&4 
7 210;0 1<l5~0 .~b8! Cl3./I ;71127 18 8'i,O 73,0 ~qq1q 51U.I .bqQ& 
~ 220!O AIIs& .ICl25 13C1.2 1!3703 II/ 13~,C1 ICI~.O .ClQ55 58b.S .&1/3. 
~ Ib"'!8 73,0 .2<181 5R.6 1.5~lb 20 ,,,<,,8 73,0 !q523 b~9.8 .2213 

I~ leRtR 10IsO .,sa7 IIA,CI 1.01S0 21 8~.O 71,0 !S680 .110.1 .0279 
II 1113.0 101.0 .3'~O 71.1 I.OOIIQ 22 164.2 210,0 .52&0 39.& 4.5550 

TR= 2&0."1' Te= I/S.OF TE= IlO.OF RE UR~ RAT!na.IOO Z2121:."~0 DTa a,O CUP: 1.217 ~RACTIDN OF CAQ~OT8,§811 

~b~ QECOVERA8Lf ~c~T IN P.E~FATER= 5?2 3 P~EHE6T~R EFF. USFD= ~1/('I2 COP ~JTH PRFH~ EFr. OF 0.q:l.215 
COOLTNG PER L8 OF TOTAL VAP. GFNFRATED 1180.8 HFAT TO GFNFRATOR PER LR OF VAP.= ~~7.0 10 6 

UNF TF '4p PPESS CONe ENT"ALP MASS ~lOW LINE TnlP PRESS CONe: EiIITHALPy MASS FI.OW 

1 1/5:0 73;0 ."'260 -3R.? 5,55SI> 12 2/00,0 I n 1.0 ~b75n 815.1 ,J5S9 
2 1611~2 210 3 ° .52bC 3 Q .b 1.0000 n 170,'1 101.0 .q'537 b ll l.3 .35&11 
:; t10~CI 1'15.0 .411 "S'i 115.' :q~5C1 14 1711.Q ICl5,Il :<l7QA &18,4 .0531 
0 1711,'1 lC15:0 • iHO 1 119., IJ.0<;'57 15 174. CI 195.0 .1/798 1118.~ .3&29 
'5 105:0 195;0 .RSRC 3R .1 .O23? 16 17U.~ 1'15.0 ;<17'18 618.11 .4qQ! 
1> 13'5:0 1<15.0 .62 C1 C -1'i.I> .0.8A 17 lo'i.O 195.0 .9C1ql 71,8 .85H 
7 250:0 1'l5:0 .?b7S l'i'5.a .b-nl 1'1 85.0 73.0 ~qQ71/ S1~ .1 .87&9 
Po 2bO:0 AII;b .105e 20'.6 1.237'i I Q 13<;.0 \1/'5.0 .qQSIl 511 7.? .!!76!! 
q 170 ~ Q H.O .2Q"~ b? I 1.5111/11 20 1&Il,C1 71.0 ~Cl4911 ~1I2.1 .3!;19 

In 170 :0 1~I:O .3/1~e 5;>.2 1.0101 21 11'5. 0 73.fl ~'5&8n .. 4b.l .0384 
1 \ 201l:A 1(11:0 ,1'501 I 1 ~,o 1.00Cl3 ?2 Ibll,2 210.0 .5?oO ,I/.b ".5556 



Tn~ I~O,OF TC: 80.0F Tf= GO.OF R~TUR~ RATln=.10n l?I11=.180 DT: a.o COP: 1~J2b FRACTInN OF CARNOT •• ~7q 
~.~ REcnVERAALE ~EAT IN P~E~FATER: 3G3;5 PREHEATFR fFF, USED: :q7~ cnp wITH PREH: EFF, 8F 0,Q=I,2~2 
conLiNG P~R l8 0' TOTAL YAP. GfNFRATEO= 502.A HFAT TO GFNERATCR PER LA OF YAP.= S~5.b \2 5 

LJN~ T!M~ PRESS CONe ENTHAlP+ MASS FLUw LINE TFMP PRESS CONe FNTHALPV MAS~ 'LOW 

I AO;O 73;0 .5917 -aq.? 5.~55~ I? IAo.o Q3.1 ~9a25 b51.b .325b 
? 1312A 167.5 .5911 9,0 1,0000 1~ \35. Q 93.1 .9852 ~05.8 .337Q 
, 131!9 1~2;5 .5b2e b.O .q377 14 13~.9 152,5 ~Q9J3 593.1 .04a4 
o tJ5.9 152.5 .5a70 9.1 a,OQ96 15 135.9 152.5 .9Q3J 5 9 3.7 ,i8~1 
5 90~O 152;5 .8a91 I~.a ,0078 16 13~.9 IS2.5 ~qQ33 5 9 3.7 .4565 
~ I~R.O 152.5 ,bRA~ -21.7 ,OIlS 17 9U. n 152.5 .99q) 5a.2 .'678 
1 170~0 152:5 ,a3~8 43,6 .713q lR 7n,O 73,0 ~q99~ 565,7 .,i42 
~ IRO;" RI;S .2810 71.2 1.3565 19 InR.O 152.5 ;q978 576.0 .7756 
q 1~I.q 73.0 .ao?! l.q l,b?47 20 12~.9 73,0 .9R5b 602.S ,a68 2 

10 1~1;9 93:1 .aaYl ,R 1.0?50 2t 70,0 71.0 ,baSb .51.S ,0128 
1\ "R~~ 93:1 .421a R,I 1.012b 22 Ill. R Ib7,5 ;5q 17 9.0 a.5556 

Tq= 2?0.OF Tee RO,nF TE= GO,OF RETURN RATIO=,IOO Z2/Z1=.IRO OTe a,O COP: 1.aa2 FRACTyn~ OF CARNOT_.5b! 
MAX RECOVERaBLE HFAT IN p~e~F.TER= 362:3 PREHEATFR fFF. USED: :9ab cnp ~lTH PRfH~ fFF, OF 0. 9 :1.404 
cnrLTNG peR L8 OF TOTAL YAP. GENFRATED: ~OI,9 HEAT Tn GENFRATCR PFR LB nF VAP,= 600,1 12 b 

LINF Te~p PRESS CONe ENTHALPY MASS fLU~ LINt TFMP PRFSS CONe ENTHALPY MASS FLO~ 

1 Ro~n 73;0 ,5917 -qq.? 5.55~6 12 220,~ 9~.1 ,sass 722.4 .1oab 
? Ill!8 167£5 .5911 9,0 1.0000 13 I~R.O 93,1 .9~39 b07.~ ,3251 
~ 1~4!0 152 s 5 ,55al 7,b ,q?24 14 I'~.O 152.5 .qq27 595.3 .OQ79 ~ 
Q 13R!O 152 s 5 ,53R~ 10,9 4!023b IS 13A.~ 152,5 .9927 595.3 ,4035 N 
~ 90.0 152,5 ,Ra91 IR.4 .0110 16 13 A.D 152,5 ,9q27 SQ5,3 .~3ZU 
6 tOq.o 1~2.5 .bR21 .2~,1 ,01b4 17 90,0 152,5 .99Q, 54.2 1.0065 
7 210~O 1~2;5 ,'2ns 100,7 .5Qb5 I~ 70,~ 73,n ~QQqO 56S.7 t,Ot~2 
~ 220,0 81,5 .18bO I~O.~ 1.1862 19 10"1,0 152,~ !9977 576.b 1,ot75 
q l~a,O 73,0 ,3 Qhl •• A l,blOO ?n 12~.O 73,n ,Q8a2 60U,6 .~238 

10 ,'410 "13;1 ,a~IQ J.2 1,0129 21 70.0 7'.0 ;64S6 -51.8 .0186 
11 152,0 93.1 .31172 25,R ,Q Q 22 22 1~I.R 167.5 ,5Q17 Q.O 4.5556 

T~3 2bO,nF T(: R~.nF fE= 4u,OF RE,URN RATT8=,10n Z?1118.1AO DT: LI,O COP: 1~494 FRACTIOr.. OF I:AR",nT_,/j78 
Max QE"C('VFR~Rlf ~eAT PI P~EI<EATER: 37b.5 FREI-<EATER UF, IISFD= :"127 COP ",ITH PREH. !':FF. OF o.Q=I.a73 
C"OLI"'G RER LR OF TnTAL V~p. GFNERATfD~ SOl.? HeAT TO GFNFR.'OR PeR L fl flF VAP.= ~OR.S I 1 1 

. I 

LY',F T~MP PRESS Cr]NC ENT~Hl P\\ MASS rLn'" LTNf TFI"P PRE'SS caNC f NTHALPV MASS FLOW 

I Ilo;n 13:0 ,~Q17 -lJ q .? 5.5<;56 12 2bO,n 93.1 ,blla7 WH.7 ,ZQ72 

" 13' • ~ 167:" .0;"111 9,n I~OOO(! I' 139.b 93,1 .9R2R 6 0Q.0 .3i68 
~ 1-;5~b \'32;S .'3IH1 R.~ ,9118 HI 139.6 152.'3 .q92? SQb." .1363 
4 I~Q~6 1'52.'5 ,<;,21: I ?2 3.9,,'16 1'5 139.6 152.5 :9Q2? 5Qb.tI .a1qa 
5 90:0 152;5 .Au 9 1 111.11 ~ 0 l3a Ib I ~Q. '" 152,5 :9q2? 5"110.4 .'3855 

" 10Q:!I 1'52:'5 .b77 1 -2 ~, 1 .0?02 17 90.0 1'52.'5 :9Q9:; <;4,2 1.1&711 
7 250:!) 1<;2 3" ."2';2 16£1.7 .5;>OA I A 70,0 7~,O ·,9Q90 5105.7 1,1778 
~ 2#'O~O AlaS .10 0 ~ 2V ll ,R 1.07?? 19 10"1." 1'52.5 .997& 5 77.1 1.1 S09 
C) 1';5.b 13$0 ,39\U 7.0 1.59'11 20 129,6 73.1) .QA~t b06.0 .~271.1 

I I) nos:" 93.1 ,/1361 ".0 l~ona6 21 70. 0 7:;.0 :b Il 8 .. .. 51.8 .0233 
11 175:0 <13:1 .~2:;? 60.1'1 .Q1\51 22 131, R 167.r; .'5Ql1 'l.o 4.5556 



TfI: 11111.nF TC= IloonF TE: 25.0F RETURN R~TIO=.lon Z2/11=.IIIO DT: ~,O COP: :2~b FRACTInN OF CARNOT:.!!! 
M6X ~EC~VERABLF ~EAT IN P~E~~ATER: 878:5 PRE HEATER EFF. USED: :7~'1 enp WITH PREH~ EFF. OF ~.'1= .372 
CPOLING PER l~ OF TOTAL V6~. GENERATED. ~U8.' HEAT Tn GENERATOR PER LR OF VAP;. 76A.U /I 6 

Ll"!': TF. "'P PRESS cOllie EIIITIoIALPY "'ASS FLOW LIlliE H'MP PRESS CONe ENTHALPY MASS "1.0\11 

110:0 53:'5 ,alas "22,'1 '5~'555b 12 181).0 8/1.'5 :'1H! &511.3 .37'2 
2 215: 7 260;'1 .IJI~'! '15.6 I.onon B 227.2 8A.5 :an57 73b.0 ,le08 
'; ??3:<' 2 11 5 s 'l .'SRne; 106,11 ~ 16'1/j tu ?2.,.2 211'5.'1 :'1~b1 b61.2 .355" 
U 227~2 2 11 5,'1 .36'1e 112,8 ~,tClb5 15 221,? 2~S,'1 :'1367 bb3.2 -.UII1I8 .. 120;0 2'1S a Cl • 8b67 5 A,2 .01~6 I ... <'27.2 24'5.'1 ;'13b., b"'3.2 .3'5'0 
(, ,"'!'I." 211 5:Cl ,"iSH .R o 3 .0256 11 12n.O 21.115.'1 .11'18'1 AII.6 ,1145 
7 Ibl'l,3 :?as,1I ."iR8; 111,2 t,I.II1'1a 11'1 lon.n 53.5 :11'126 '5A8.1 .1'128 
R tllO.o 67;~ .25118 8n .1 1.5~5~ III lbll.6 2115.'1 :'1887 6114.2 .18ql 
q 223:2 'B.l 5 • I I bO lb?.O t:160b 2n 223.2 53.5 ,bAa'! AO 1.2 "'.3111'1 

10 223:2 118~5 .ICl22 '42.7 .7720 21 101),(1 53.'3 • /j/jb!. -3U.b .0220 
1 I t1l1: Cl AS.S .?o;aq qq.'I .768~ n 21"i.7 2bO.'1 :al~'5 '1r;.b ".55"16 

TR~ 2lo,OF TC= 110.0F TEs 2S.0F ~ETU~N ~ATIO~.IOO Z2/Z1=.IRO DT= a,o CUP~ :408 FRACTION OF CAR~OTE.lIA'5 
Mb~ RE~OVERA8lE ~EAT 1111 P~f~EATE~= 811:0 P~EHEATF~ EFF, USED- :812 COP ~ITH P~~H. EFF, OF 0.11. ~51.17 
CnOLING PE~ L~ O~ TOTAL VA~. GFIIIERATfn= 44b,! HEAT TO GENE~ATaR PER LR OF VAP.= 7AO.7 7 5 

LINF TFMP PRESS COllie E~THALPY MASS fLOW LIlliE TEMD PRESS CONC ENTHAI.PY MASS '1.0w 

1 "0.0 '53;5 .4145 -22,'1 5.555b 12 220.0 811.5 ;A~5/j 7?7.1 .11283 
<' 215.7 2bD,1I .0!4~ qa;.b 1.0000 13 <'?'I./j 88.'5 .. 7'11>5 1 40.1 ./j339 
~ 22'5!4 245,11 .~752 110.0 .8773 ta ?2q,4 211"i.Q .113110 b65.B .t2A8 ~ 
4 22'1," 245,'1 .36111 116.0 ~.1526 IS 2?Q./j ?1.I5. Cl .Q31.10 66'5,8 -.ll68 w 
'5 120 L O 2115,'1 .A~"'7 SA.? .02Q4 16 22'1.4 245.'1 !'13110 665.8 .11030 
6 Ib'l~7 2~5,Cl .CjUQ7 .R,b .0'51~ 11 12n.O 24S.'1 ~QQ8Q AQ.b .33113 
7 1'I3!0 ~U5aq .abR! 611.8 1~11b8 I~ 10n,o 51.'5 ~Q'I2b 5R~.t .170! 
~ 220!0 67a3 ,15~P I~~.1 1.~~a5 1'1 16'1,7 2~5.'1 !qR8? b05.1 .3&37 
Q 72~!4 ~3:S .'117 Ib5.4 1.~23R ?O ??S,tj 53,5 !b6qR All.2 -.1101 

I~ 22514 8R~S .18bP IUb,S ~81104 2\ '~n.o 53.5 ~4tjbl -]/j.b .0445 
II .?I'I.5 A8,s .;:OOl~ 13b.3 .87~7 22 ?IS.7 ?bO.q .~I~Cj 1I,5.b 1I.555E1 

TI<" ?IIO,OF 1(,= lIn.oF 7E a ?5.0F PE lJRN IlATIOII.lon l2l7.1=.180 01: 4,0 COP" ~bbt F~ACTIOIII OF CARIIIOTE.'556 
MAX RECQV"RAflLF I-IF.AT HJ P~E"FATER: 7'1Q A P~EHf.ATFR EFF. USED: :86'1 COP wYTI-I P~EH: F.FF. 0" O,Cl,. .• 61111 
Cnr!LING I)F.R Lf' OF TOT AL V bF', GFIljl'RATED 4~4.? HEAT TO G"IIIFRATQP PER LR nF VAP~: 7/18,1l 7 jj 

LIN!,: TF"P PRFSS ["ollie EfOT"ALP "ASS FLO'" UNE TFMP PRESS cnllle: ENTHALPY MASS FLOI<j 

1 ! In; (l <;3;5 ,olUS -2<',Cl S~55'511 1 <' 2bll,O 88.S ;b2~C; 8/jb.~ .IIAIII 
? 215,7 2bO I ll • II 1(15 Q5.b I.ooon 13 23\ .0 A8,S .78'14 743.'5 .11121 
3 227.0 2 11 5 a 'l • HIe I 12,4 ~q5"1l HI 2'51.0 2I1S.Cl ~'I31Q 661.8 -.00811 
~ 231 ~ 0 2~5~q .3'5'1Q IIA.II 4.120'1 IS 231. 0 2'15.'1 ~q31'1 0/)7.6 .13tb 

" 120;0 245,'1 .A1,67 SA.2 .01106 16 231,(1 2~5.q :'131'1 b67.8 .113117 
I:> 170 :5 2(15;Q ,C;~"'e _.RoC) ,0707 17 12n.o 24<;.'1 .'1'1a'l IIQ.b .1I~bb 
7 2QO:3 2IJ5~'1 .'131>1 132.S ;8681.1 ! 8 ! 00. ~ 53.'5 :'1'121> 5A8.1 ."ClbO 
p, ?60;0 61.3 Q074P 211.0 1.3b21 Iq I7n.5 2/j'5.q .'IA7'1 605.7 .41112 
q 221~O '5~:5 .10Re 167.'1 1.~407 20 221. 11 5~.'5 ~b'l811 7Cl 10 I .0780 

to 227,.0 118;5 .IR~e tIlQ • .? .'1'582 (>1 100.0 53.5 .allbl .. 11.1.6 .(lblq 
II 262,1'. III1.S .1 0 67 201>.' ,'1&711 22 21<;.7 260.11 :a11l5 '1S.b 4.'55'5b 



T8: ll1Q,OF Te: 110,(lF Tc= lO,vF R(TUR~ kATIO:.l0Q Z2/Z1=.II:IO LiT: LI. LI CuP= .15'1 FRACTION UF CAR~UT~.30Q 
MAX R~CUVERAbLE ~EAT IN P~E~EATtR=132J.b FREHEATER tFf, USEU= ,~'13 LOP wIT~ PREH. E~F. UJ 0.9., • Ll 83 
COOLING PE~ LB OF TUTAl WAF. GENERATED: 'ILlLI,! HE.AT TO utNEkATOR PER LB O~ VAP.= 7tH.iI 30 '5 

LIlliE HMP PRESS CUNL t:"THALPV MASS FLO'" LIlliE TfMP PRESS CONC E.NTHALPY MASS fl,.OiOj 

1 110,0 31:1.3 ,359c R 17.1 '5,':>55b 12 180.0 70.8 ,9209 bb7.1 .2L1117 
2 23':>,'1 2bO.9 .35'11; 124.0 1,0000 13 243,7 70.8 .b 49F1 828.0 .2533 
3 239,7 2Q~,9 ,3380 131.5 ,421b IQ 243.7 21.15,'1 .qUO b85.l .7b1.l5 
Q 245,4 24'S,q .321!~ 137 .b 4.30bLl IS 2'13.7 245.9 .9130 b8!1.3 ... 75'12 
5 120.0 24':>,9 .l:Iobl 58.2 ,0223 Ib 2'13.7 2Q5.9 ,';130 b8!1.3 .2'1L1C! 
0 170.FI 24'S,q ,~23~ ·10.5 ,03<1'1 17 120.0 2/15,'1 ,'1911'1 8'1,0 • t 883 
7 157.9 24':>.9 .0:,991; 39.8 1.7592 18 100,0 38.3 .9873 593.1 ,2184 
II 18u.O <;0,7 .20 qS 'I 1.2 1.1347 19 17b,8 245,9 .9849 bl1.2 ,210*, 
9 239.7 31;.3 • (l/,15~ 197,0 .5blb 20 23'1.7 38,3 ,3703 993.8 -.!!I111 

10 239,7 70.8 .120e 178.3 .3933 21 100.0 38,3 .3'101 -32.1 .0:51 1 
11 171.9 70.8 ,2811e 0 4 .0 ,38b7 22 235.9 2bO.Cl ,3C;9b 124,0 4,55511 

TB: 220.0F TC= 110.0 F T~= to,oF R~TURN MATiO=,IVO l2lZI=,lbO DT: 4.0 CUP: .2139 FRACTION UF CARt.{Jl&.380 
MAX RECUVERABLf ~EAT 1'" P';E"EATER=1C!2I.1,7 PRtHEATER E:H. USEU: .b40 CUP wITH PREH. UF, OF 0.9& ,50:,2 
COOLI"'G PER LB UF TOTAL V~P, GENERATE.D: 434,5 HEAT TO GtNENATOR PER La OF VAP.: 840.'s 30 4 

LINE TEMP PRESS CUN~ ENTHALI'Y MASS FUJW Llt.E TfMP PRf:SS CONC E:NTHALPY MASS FL.OW 

1 II u. 0 511,3 .30:,qe -17.1 ~,5S~b 12 220,0 70,8 ,78':>0 739.3 ,35'14 
2 230:,,9 2bO,9 ,30:,ge 12<1.0 1,0000 13 21l'l,'1 70.8 ,bO'l8 857,0 ,358~ 

.5 21.1':>.'1 245.9 .322~ 14 I .0 .,:>7H ILl 2Q9.Q 2,,0:,.9 ,9019 bq",9 .4111J9 
a 248, I 24~.9 .31bl 11.10.1.1 Ll.190S IS 2119,Cl 2/15.'1 .'1019 b94,'1 -,31130 ~ 

5 120,0 240:,.9 ,8bbl 51\,2 ,040'1 Ib 24'1.9 2"5.9 .901'1 09",'1 .3338 ~ 

b 11"1.9 2 11 0:,,9 .'i12" -11.1 ,0720 17 120.0 2Q'),9 .9989 8~.b .3037 
7 178.0 2t.1'S.q ,51'15 5b.7 1.3830 18 100,0 's8,3 .9873 595,1 ,3!t70 
8 221j,0 SU,7 .1 1 5~ l'5tl,7 1.084b 19 179,9 245.'1 .'1812 oU.'1 .l447 
'I 245.9 31l.] ,O3 111 2Ub,I .7412 20 2<.15.9 38,3 ,2908 1035.3 -.343L1 

10 245.'1 70,8 ,luile H<7,9 .5<'00 21 100,0 58.3 ,3901 -32.1 .05911 
II 194,2 70,8 ,2271 102,3 ,5218 ?2 23':>.9 200,9 .359b 124.u 4.55511 

Ttl: 200,OF TC: Iln.o~ Tt= 10.uf RlT0RN ~ATIU:.luO Z2/Z1:.1ilQ DT: /j.O CUP: ,419 ~"A(;TION Of CAIlNl1TII,428 
MAX RtCLVtRABLE ME AT IN Ph~hEATtR=JUql.~ PRE HEATER En. US~U: ,n9 CUP ~lTH PREM. ErF, OF 0.'1: .58! 
COOLI ~G PER Lf; UF rOT Al ~ ~ F • G~ r,ERA TEO: 423,4 MEAT TU &ENENATOR PER LB n~ VAP,: !lbl,b 30 S 

LINE TEi"P PRESS co:;~ tNTHALf'V MASS "If.J~ LI"c. TEMP PRc.:;S CO"'C ENTHALPY MASS FL.Ow 

I 1 1 ()" \) 31:1, -S .3S'1~ -17.1 5.0:,,,,0:,0 12 200.0 70,8 .5218 '109,'1 ,~18'1 

2 .n~,<) 200,9 ,3:,'1t 12'.,0 1,0000 13 2')6.3 70,8 .':>531 890,1 .5US 
3 252.3 2Q~.q ,3\11>/ 150,9 .7840 11.1 20:,0.3 2"5.'1 .88 9 0 705.5 .1991 
4 2'5b, I 245.'1 .297t 157.0 ~.Q7ul 10:, 251>,3 2115.'1 .811'010 705.5 ".08'10 
5 12lJ,o 2U5.q ,80101 :'8,2 .Ob33 lb 2~b.3 2'15,'1 .88'10 705.5 ,Ll778 
I> I A 3. I 2<10:,,9 • C;V t ~ -11.b ,1151 17 120,0 245,'1 .9'11:1'1 Sq,b ,"11El 
7 ;2 I u.2 240:,,'1 .405" 'ILl ,'1 1,0890 18 100.0 38.3 ,9873 5'13,1 .4'111 
8 2/lv.v 50,7 ,04U I 21 9 ,3 1,071.13 1"1 183,1 2L15,'1 ,'1813 blb.8 .4748 
'I 252.3 38.3 .O22~ 21'" :; .'1b8t1 20 20:,".3 38.3 ,2007 1079.4 °.1059 

10 ;252.3 7\J.8 .O9"'~ 1'<7.7 .700 9 21 100,0 38,3 .3901 -52.1 .09El8 
11 2b3.3 70,8 .07~1 21~,0 .7033 n 235,'1 2bO.9 .35'1& 124.0 4.~55b 



TR: tS~.~F TCa Itn.OF TEa aO~OF RETURN RATIO=.OSO Z2171 D.laO OT. 4.0 COPs ;388 FRACTynN OF CARNOTs.4Q 1 
M~X RECOvFRABLE ~EAT IN P~E~FATER. 6~a:3 P~EHEATER EFF. USED: :S6a COP wlTM PREH: EFF. OF O.Q • • a36 
COOLY~G PER LB OF TOTAL YAP. GENERATED. 459.2 HFAT TO GE~ERATOR PER LB nF VAP~= 682.1 '5 II:j 

LIN!; TEJoIp P~ESS CONe ENTHALPV MASS FLOW UNt TFMP PRESS Ct:'NC ENTIiAlPV MASS 'LO", 

1 110.0 n~o .a71S -23.5 5~5556 I? \111).0 109.0 ;9514 b44.2 • 168'i! 
2 1%~9 260 8 9 .1.1715 7q.? I~OOOO 13 206.1 109.0 .908J 6S2.7 .3b4b 
3 21)2.1 2115:1/ .aatll 79 • 8 ~q1\72 la ;:t06.1 24'5.1/ ; 9e.t 2 b39.9 .1460 
II 211/,: I 211SaQ ,4211e 8a.q q.IQoa 15 20b.1 2Q5.Q i 9612 bl9.9 -.2412 
'5 t 20.;0 2 l1 S,1/ ,11M,? SR.? .0126 16 20b.l 24'5.9 .q612 6l9 0 Q .3&52 
10 1';8.0 2115.9 '59al -3.b .021? t'1 120. 0 24S.Q :q9aq 89.b .2;\62 ., 16'5.6 2 a5;Q .5bbe aa.A 1~21112 1.<1 \1111.0 73.0 ;q9Sb 5111.3 .2510 
A tAO:O 117.6 .2993 70.8 1.4129 19 l'ill.n 24'5.1/ .Q9n S9b.0 .2487 
II 202 ~ 1 13:0 .212, 11 11 .'5 t.2211q 21) 21)2.1 73.11 ~8"411 700;.9 -o! 1180 

to 202;1 109 ;0 .27~q '19.2 .bIl2~ 21 100,0 73,0 ;50bq -13.& .0tC/o 
t 1 I II 1.15 109.0 .3071 82.2 ~b8bb 22 191.. 9 <'bll.9 .471<; 7jj.2 ".5S'.!!b 

TR.220.0F TC: ttn.OF TEz ao.OF ~ETURN RATTOD.OSO Z2/Zlc.t80 DT: 4.0 coP a ~710 F~Ar.TIQN OF CA~NOT •• 61Q 
~4X RFcnVERABlE ~EAT IN P~E~EATER= bla:o PPEHEATFR ~FF~ USEDa :S92 tOP W!TM PREH~ EFF. nF 0.9 •• 720 
rnnlING PER LR OF TOTAL V~p. GENERATED= IISR.S HfAT Tn GENFRATOR PER LB OF VAP~c 68'5.3 '5 5 

LIN!, 

I 
? , 
~ 

'5 
6 
7 
A 
q 

10 
II 

TFMP 

Ito;n 
ll1f:,.9 
202.b 
2nl:>;" 
120 .. 0 
1'58.3 
2n2 .• 1:> 
220,0 
20i?!b 
202.b 
210~'3 

PRESS 

73;0 
2bO.9 
2115,11 
2115;9 
2a'5,11 
2115.9 
211 5;9 

117£10 
73:0 

II\Q~O 
I1l9.0 

CONe 

.a715 

.117\5 

.1I3ge 
• a273 
.11""7 
.51/71 
• 1J 390 
• t 1/8@ 
.21 t 2 
.(»7111: 
.2511~ 

ENTHAlPV 

-23.'5 
71J.<' 
81l,4 
85.0 
58.<, 
-3,7 
SO.4 

\37.1:> 
\I '5.11 
100.1 
It2.7 

... ASS FLO" 

5;';'551:> 
1,0001) 

.1/112'5 
11.1179 

.0<'1'5 
~03b5 
;9319 

1.2'504 
1.2731J 
~70ql 
.7083 

LINE 

12 
1'3 
la 
1'5 
III 
\7 
18 
19 
20 
21 
n 

TF"'P 

;:120.0 
2011.6 
20b.6 
206.b 
20&.6 
!2n.o 
10".0 
I'5R.3 
t9b.f> 
100.0 
1'11,.1/ 

PRESS 

IOIl.1l 
tOq.o 
24'5.9 
24'S.9 
24'5.'1 
211'S, 1/ 

73.n 
24'5.9 

7'3.0 
73.0 

2bO.1I 

cnNC 

;87211 
.907! 
.960T 
;9607 
.9607 
.9CJSII 
;CJCJ5b 
.91121 
:1l82'5 
:SObll 
:471'5 

ENTHALPV 

708.5 
"IIJ.b 
6110.5 
bao.s 
6110.5 

8'1.& 
SIB.! 
lliqo.;! 
II q ".q 
.. 3 ) .• b 

1 11 .2 

"ASS fLOw 

.3775 

.3783 

.oUll 

.Ob21 

.3717 

.AOOI 

.42'S1I 

.Q21b 

.0230 

.0327 
4.5556 

TA: 260.0F TC= Itn.OF TE= aO~OF RE!U ~ ~ArIo=.o80 Z2/Z1=.IAQ or= 4.0 eop~ ;q58 FRACTYON OF tAPNorc.olla 
~AX REr.OVERA~LF ~fAT IN P~f~EATER= &3&.0 ~REHEATER EFF. USED: .1111 cnp wITH PRE~. EFF. OF 0.11: .q4t 
cnOLYNG P~R l8 OF TOTAL VAP. GENERATED: SR,? HEAT TO GENERATOR PER LB n~ VAP~= b~7.0 5 II 

UNE' TEMP 

I 110;1) 
2 11/6;9 
3 202.1/ 
II 2nb~9 
S 120~O 
" I'5R:a 
7 250~<; 
A 2bO~O 
q 202:1/ 

10 202~9 
II 211<7 

PRESS 

73;0 
2bOsq 
21.1'5:'1 
2a5,C; 
2115:c; 
2115:9 
245:1/ 

87:b 
73~O 

1~C;20 
l(lq.O 

rONe 

.11115 

.11715 

.Q3IlQ 

.1I2&u 
,Rbl:>7 
,c:;q.,u 
.310<; 
.1 1011 
,2111/1 
.277e 
,1760 

ENTHALPV 

-23.<; 
7/J,2 
80.7 
a'5,11 
SA.? 
.. 3.1l 

laB.? 
202.1.1 
IIS.C; 
100.6 
171,2 

"'ASS FLOW 

5;555& 
i ~OI)OO 

.962 11 
/j'~ I 707 

,0279 
~0/j7'5 
.7527 

1.1325 
(.1012 

.7<'IIS 

.13119 

LINE Tl'MP 

12 21.0.0 
I~ 206. 9 
i4 206.1) 
is ?Ob. 9 
16 206.'1 
11 120. (1 

is 1110.0 
I q 1511 oil 
20 t9f1,.C) 
21 ton.o 
<>2 1'1&,9 

PRESS 

109.n 
10C;.0 
245,11 
?IIS.'! 
2115.<l 
24'5,9 

'13,(1 
?as.9 
noo 
73,0 

200,9 

CONt 

;7012 
.qnb" 
:13&03 
:11&0-; 
:'1/,03 
:998Q 
~Qfl% 
;11921 
£S/lle 
,'50611 
:11715 

FNTHAlPV 

79Q.6 
6Aa.t 
e1lO.8 
b1l0.8 
6 l1 0,8 
~9.6 

51'13.3 
5116,3 
&115.5 
.. :B.6 

7 11 .2 

"lASS FLO" 

.39 b& 

.3801 
,".OUili 

."a'l3 

.3RlIQ 

.51154 
,"i4S1 
.54";"§ 
• lb87 
.llll2b 

11,'55'5& 

~ 
111 



T~: tAO.OF TC: 110.01" TEa 110;01' ~fTURN RATIO=.120 ZiUZla.180 DT= 4.0 COP: ;303 FRACTION OF C4RNnT=.J87 
MAX RfCOVERA8LE ~EAT IN P~~~F.ATER= b54:2 PREHEATfR EFF. USED: :630 COP wTT" PRE .. : FFF. OF ".'1= ,383 
eonLfNG PER LA OF TOTAL YAP. GFNERATEO= ~5'.0 HEAT TO GFNERATOR PER L~ OF VAP.: ",'12.J '" 5 

LINE" TEMP PRE~S CO'l( ENTHALPY MASS FLOW LINE TEMP PRESS CONC ENTHALPY MASS !'LOw 

1 11 0:0 73;0 .11715 -23.'; C;~5'55b 12 1/10.0 to'1.0 :'1'511.1 b1.l U.2 ,4U8 
? "e;Q 2bO&' .1.1715 71J.? 1:0000 n 207.' \0',0 ~'1n43 b85,8 .U078 
~ 203.'1 <'45~' ,IJ30;Q !! I ./1 ,8783 14 2"'1.'1 240;.'1 ,'1'59" bIJI.' ,21 44 
u "07~'1 2as •• ,4231: 8b.Ii 4,1 u71 10; ?01.'1 ?45,'1 :'15'2 b41.' -,3724 
5 120;0 2115;'1 ./lbb7 '511,2 .01211 1& 207.' 245.<1 :'15'2 blJI.q .4018 
b 15,..9 211 5,' .5'112 ./l. I .020b 17 120.0 2/l5.' ~'Q8' A'.& .2172 
'1 l'5b:Q 211 5,'1 .bOJI! 3'1,5 1,3121J 18 10n.o 73.n ;<1'156 583.3 ,2312 
1\ 180.0 1'17£b .2'1'13 7n,/I 1.9'153 1'1 15!!,' I'/l5.Q .''120 5<1b.7 ,2292 
'1 203.'1 73,0 .20AI 117.1> 1,1150; 20 203,'1 7J.0 ~e58b 10'1.& -.21'17 

10 20J:' 10'1.0 .275~ t02.? 1.21J5n 21 10(1,0 73.0 ~50bCl .'3.b .Oleo 
II IClI>~~ 10'1.0 .?ClH 9n.' 1.2sno 22 196. CI ?bn.Q .4?15 l lJ .2 1I.555b 

T~e 22~.n~ Te_ Iln.OF Tt- 00.01" ~ETURN RATIO=.120 Zi?/ZI=,180 0'"' 11;0 COP= ~ba3 FRACTION OF CAR~nT •• 5C11 
MAX ~EeOVFR6RlE ~EAT IN P~E~EATERE c~0:6 FRfHEATER EFF. USfO= :8b8 COP wITH PREH~ fFF. OF O.Qe ,721 
cnOLING PER l~ OF TOTAL VH' • GENEI1AlED= .'1 HEAT TO GENfRAT~R PER LR nF VAP;= bClb.Q b /I 

I.I NF H~P PRESS rONe E~:THALPY MASS FLO'" LI~E TFt-oP PRESS CONI: E NTHALPV MASS 'LOIol 

I 110;0 73:0 .1J1t5 ·,n,s S.55Sb 12 220.0 10'1,1) :8726 708.5 ./lJOII 
2 Iqb;q 2bO;Q .a71~ 7a.2 1.00(10 n 20A. A IOCl,t) :q02? b87./l .4310 
3 20/l .,Po 211 5,'1 • 1J 332 1I2.CI .'noo l/l 20ll.a 21115,9 ;'1581 b1l2.9 .02U .t> 
& i?OBfPo 21J 5,CI • a20~ 87.b lI~t2blJ I"i ?O/l.A 2/l5.CI .Q"i8\ b1l2.Q .noll2 (j'\ 

<; 1<'0,0 211 5,9 ."'bb7 5/1.? .0253 I b 2011./1 2/l5.Q ;95al b/l2.Q .a2QI 
e t59,IJ 2 11 5,CI .0;922 .11,3 .OIJ~1 11 120.0 2/l'5.CI .Q'1aQ a'1.1> .aIH,q 
7 203;~ 211 S.9 .11 310 III .1 .9331'1 III 100.0 13,0 .9C1Sb 5113.3 ./l1IH .. 220,0 87,6 • I '1/le 137.11 1.7QQIJ 19 15 Q./l 245,'1 :9QIR '5'17.0 ./l7 a 2 
9 201J.8 73,0 .?OSG t\ '1." 1.8182 ;>0 19A.II 73.0 ~A7'5a bQq,2 .01811 

I ~ 201J~'" IOq;O .2730 103.7 I ~ 31 '1 I 21 lon,O 73.0 ~50bCl .33.b .OJ97 
t 1 2011 ~'A 10'1.0 .2b'l I 10. ~ 1.3185 2? 196,9 ?I>O.Q .IJ7IS 7/l,2 4.55'31> 

TPe 2bO.ftF TCe 11~.OF TE= 1I0.0F RETU~N ~ATJO •• '2n Z?/ZI=.la! OTe 11.0 COPe ;SQ6 F~ACT!ON OF CARND'B.b02 
MAX RECQVFRARlE ~EAT IN PRE~FATER= b/lb.91 PREHEATFR EFF. USFO: .8&b COP wITH PREH. fFF. OF O.CI= .Q31J 
COOLTNG PER LB OF TOTAL YAP. GENERATEDe 451.& HEAT TO GENFRATOR PER LR nF VAP.= 711./l ?? 5 

LINF TFMP PRESS CONe ENTHALPY MASS FLO~ LINE TFMP PRESS CDNC ENTHALPY MASS FLOW 

I 110;0 73;0 .1J71~ .23.~ 5;555b 12 2bO.t) IOQ.O ;7012 7q9.b .111175 
~ IQb~9 21>0,'1 ,4715 7a,~ 1.0000 11 212.1 109.0 .8Q/l1 bQ3,5 .aJ59 
3 208.1 2a5,Q ,11233 ~b,~ ,OIlSt IIJ 212.1 2a5,o .Q5IJO b/lb.& .0204 
u ?12~1 2115~Q .Ull~ ql,b a.0502 IS 212.1 2a<;.0 ;QSIJO 1>/l6.b .24Rl 
~ 120.0 21J5.9 .Reb7 5R.2 .ou02 1& 212.1 ?a5. 0 ~'5/l0 b/lb.& .50110 
~ 11>1~1 245:0 ,5Ra~ _5,? .0710 17 120,0 2uS.0 !90a9 AQ,e .&b21 
7 250~0 2IJS~Q .31~! !/l7.U .7<;10 18 100.0 73.0 ,995b 583,3 .70T7 
~ 2&o.Q ~7,1> .IIOU 202,IJ l~b3A2 lC1 11>1.1 245.'1 ~QOI3 5'18.2 .70?/l 
'1 20R!1 7J:O .1'175 125.0 l~e5\8 ?O 202,1 73.0 ~A6/l8 70b,O .?131> 

In 20P.! 10'1.0 .2&Ut 100.1 1,31125 21 100.0 73,0 .50bQ ~J3.1> .0658 
II 2J2:IJ 109:0 .20b5 I~Q.' !,3Sa? 22 19~.9 2en,o ~1J115 74.2 1J.~55b 

A ~ 



" 

TFllII tAO.Ol' TCs 110.(11' TE= 1I0.0F ~fTU~N RATln=.IOO Z2l2'1=.IUO OTa 4.0 COP" ~nl FRACTlON OF CARNOT".SOO 
MAX RECOVERAeL~ ~EAT IN PRE~EATER= 778:8 PREHEATER EFF. USED= :8~6 COP WIT~ PREH: EFF. OF O.~= .1~7 
cnOltNC PE~ le OF TOTAL YAP. GFNERATFOs 4b~,1 ~fAT TO GENERATOR PER L8 nF VAP." bbll~O '5 '5 

LINE TI:MP pRESS CONe ENTIHl PY MASS FLO'" tINE TEMP PRESS CONe ENTHAl.PV MASS FI.OIII 

1 11/');0 73;0 .U71" -23,5 7.laj!q 1<' IRO,O 1011,1'1 ;~Sll.1 ball 0 2 .a01O 
2 tqb.q 2bO,q .U715 74.2 1.0000 n 201.5 10'1.0 lIqln b18.a .3qes , Iq~~5 2115.11 .lIa q l 7b.q .Cltq9 la <'01.5 2115,9 ,lIbll! b'H.2 .1388 
U 21'1:;:5 21J5~9 .1I1bQ III ,II I;". nu i IS 0'03.5 2115.9 ~C/blll b11.2 ",2b61 
5 120;0 211 5 1l C/ .Rbb7 511 .<' ~O 111\ Ib ~03.5 ~1I50q !9blll 637 .2 0110811 
b 15b~1! <'115 11 1:) .bOIlS .2.6 .020 11 11 121'1.0 2111l.1:) .998~ IICI.b .211811 
1 163.5 211 5:1:) .'5752 113.3 1~26b7 18 100.0 13.0 .C/q56 581.3 .llllO 
R I!lO~O !!7,b .2'1'13 71l.8 l.bC/Ol ICI 156,8 <'45,'1 ;Clq21:) 595.1 .l&02 
I! 11:)1:)!5 73 aO .<'181 110. , 1,/l822 20 lC/9.5 13.1l ~87311 1110.' ".C!n19 

10 11:)'il.i 5 10Cl.O .2865 Qr;,1 .Cl608 21 tOIl.O 71.0 ,t50bCl -'13,6 .<1181 
1\ 102.3 109:0 .~O'51 !'3.5 ;9t>5] 22 Iq&.1! 2bO.1:) ,11715 1/l.Z b.lIIC!CI 

T~s 220.0F TCc 110.~F TEm ao.OF RETURN ~ATIOs.IOO Z2/Z1=.140 DTs 11.0 COP: ;762 FRACTION OF CARNOTc.b59 
MAX RECOVERASL~ ~EAT IN P~E~FATER= 76b:2 PREHEATE~ EFF. USEOs :1:)22 COP WITH PRFH, EFF. OF 0.9. ,721 
COOl.ING PER lP OF TOTAL YAP. GF.NERATEO_ Ubl,6 HFAT TO GFNERATOR PE~ LB OF YAP:: &~7~6 7 II 

LINE HIoIP PRESS rONe ENTHAl.PY ~ASS FLOW LINE TE'IoIP PRESS CONt ENTHAlPV MASS FLOW 

1 110;0 n;o .1I71S -.n.'S 7.\a21:) 12 221\.0 100," ;872& 708.5 .411'1 
? Il:)b.O 2bO.9 .a71S 711.2 1.0000 13 2011.0 10Cl,0 !9121 b19.2 ./ll'll 
; 200:0 211 5,1:) .1I/l77 77,11 ,91)98 III 200.0 2115.CI 11:)635 637.7 -.010b ~ 
(j 201l~0 caSali .11350 82.0 5.7185 1'5 2011.0 <'11'5.1:) ll:)bl'5 b31. '7 .0C/28 -...J 
c; 120,0 211 5,,1:) .8&b7 58,? .02111 16 20 11 .0 211'5,9 !1:)b3; 017.7 .11244 
& 1'57;0 245,'1 .t>O'H .. 2.'" ~Olal 17 120." 245.9 .908C1 81:).11 .111110 
'7 2011;7 2I1S.C/ .11211 B7.5 ,9072 18 100,0 7],0 ',91:)56 581,3 ,11734 

" 220;0 1l7~6 • tq88 137,b I;SOS/l ICI 157,0 24'5.'1 ~91:)28 SCl5.3 .lIb84 
q 2n{1~0 naO .217b 11 O. I! 1.51171 20 I <111. Il 71,0 ;8<102 b!!CI.CI .01120 

I ~ 2no.o 109~0 .28t;3 qS.1I 1.0028 21 \00.0 73.(l .~50bq ·3:~.6 .0312 
II 207:0 1(l1l.0 .<'078 101,2 1.0015 22 Iqto.1:) 2&0.9 ,11715 ".1.1.2 6,142'1 

T~_ 2611,01' T(::= 110,OF TEa 1I0.0F ~E URN RATIO=.IOO Z2/11=.IIIO DT: 11.0 COPa ;9111:) FRACTION OF C.P~OT=.b51 
IoIA~ REr~YERA8lF ~EAT I~ P~E~~ATER= 808 1.1 PREHE ATi!R EFF: USI:O= :'118 C~p wITH PRfH~ ~FF. OF 0.0: .1:)41 
cn~ltNG PER LB OF TOTAL VAl'. GENERATED IlSq.J HEAT TO GENERATOR P!R LB OF VAP." &8t.b II II 

UN!;' TFMP PRESS CONe ENTHAlP MASS I"LOW LINE TFMP PRESS CONe ENTHAlPY MASS FlOW 

1 110:0 73:0 .471'!! ·,n.r; "':1429 12 2&0.n 10'1,0 :7012 1C19.& .1121:)3 .. 1%;<1 2bO;9 0471S 74,2 1.0000 !3 "06,0 10 11 .0 :'108"1 bl'!20S .41<10 
~ 202~0 21.1'5.C) ./JUI& 7 11 .1 .9733 14 20b.0 2115.<1 :QbB &11:).8 ",0108 
1.1 20b .• O 21J5~c) .1J2C10 81l,1J 5.cS3/J II) 206.11 245.CI ;Cllli3 &39.8 .24'H 
c:; 120,0 2U'5j111 .1'11>&7 58.? 0 0136 I~ 2(16,0 2115.<1 .1:)611 &lCl~§ .11'101 
I, 1511,0 21J '5,,1:) ,S<11'!5 .. :S.6 .0"i&1'l 11 121'1,0 2110;.'1 ;qqall 89 06 .&3U\ 
1 250;0 2115 s C) .';12~ 11.17.11 ~1'547 Ij:) too,n 7l.0 .'ilC)'5& sIn.] .6739 
IS ?60.0 1l7.6 .1 I ()q 202.IJ 1.3611C) ! q to;8.0 211'5.1:) ~qI:)2.:? '51:)6.0 .&678 
<I ?,O2~O 13:0 .2121 1111,11 105.,<,1 ?O 1<16.0 73.0 ~8S411 6«1'11.; .2078 

j 0 2(l2~O 1(\'1;0 , ?II02 qq. , 1~0181J 21 100,0 73.0 ~'Sn&'Il .. :B.c .0507 
I! 23<=; Q 1 10"1,0 .?ono ISJ.II 1.0287 22 1C/(','1 2&0.<1 .1I7!'5 71.1.2 ... 1Il29 



TRe 180.0F TO- 110.0F Te~ ao.OF RETURN RATIOs.IOO Z2111=.220 OT= 4.0 COPs :312 FRACTION OF eARNOTs.aOO 
MA~ RECOVERABLE ~EAT IN P~E~EATERm SSS:II PREHEATER EFF. USED: :71111 COP ~YT~ PREH~ eFF. OF o.q: .411 
COOLING PER LB 0' 'ovAL VAP. GFNERATFO. 453.' HEAT TO GENERATOR PER LB OF VAP;a 104.0 0 0; 

UNE HMP PRESS CONe ENTHALPY "'ASS FLOW LINE TE'MP PRESS COi'lC ENTHALPY MASS FLOIO 

I II 0 ~O 13·0 o'HI '!! "'2].5 a,SIlS5 12 lao,o tOIl.O :9514 0411.2 .37411 
2 11I~;9 2ElO!9 .a715 7a.2 1:0000 13 210.<; 109.0 ;Sq82 ElIIO.'S .3&11& 
:; 20El;5 211S,1I ."21'12 Aa,'" ~86711 til 210.5 245.CI 0 1150 \ b1l4.1 .2\'31 
/J 210~5 2 11 5£11 ./Jl&O 89.& 3;IA\3 15 210.5 245.9 :95&1 blll'.7 _.3304 
'5 120.\0 21J'SA 9 .ebb7 58.2 ~012'!i 10 210.5 245.11 ~9'5111 bllil.7 .3bill 

" IbO!2 245,9 .'181315 0110 8 .0<'111 11 120.0 24'5.9 .qq8q 89.b .2128 ., 1'!I1I.5 24'5 s q .SIII!! II n .7 1 ~HOII 18 10(l.O 73.0 ;1I95b 5&3.3 .~21t 
II \AO:O "'7.6 ."9113 70.8 l.b515 19 1(1).2 24'5,'1 .'I'Ilb 5'11.b .2253 
CI 20b;5 n~o .201@ 122.() 1;11078 20 2010.5 73.0 ;8/191 715. I 0.2491 

10 20b~'5 1011.0 .2blle 10b.a .11101 21 11)0.0 '13.0 .5009 -33,0 .0200 
i 1 tClEl.? 1119.0 .2<ne ClO,S ~1I11J8 22 196,'1 260.11 :1I71~ 14.2 3.'54'5 

TR: 220.0F TC: Ilo.nF TE: uO.OF RE!URNIRAT!O:.100 Z2/7.1=.22~ OT= ~.o COP. ;b1l3 FRACTION OF CAR NOT=.55b 
MA~ RECOVERA~LE ~EAT IN PRE~FATER: 531.0 PREHEATER EFF. USED= .831 COP wITH PR!~. EFF. OF 0.9: .101 
cn~LYNG PER LB OF TOTAL VA"', G~NFRATFD: U'52.5 ~~AT TO GENEP4TOR PFR LB O~ VAP.= 708;7 6 41 

LINE 1E"41) PRESS CONe ENTHALPY !"ASS FLOW UNE TEMP PRESS CONe ENTHALPY MASS II'LOIO 

! 110;1) n~o ,11715 -23.5 11.5/1,,'5 12 22('1.0 109.0 :8726 108.'S .3882 
2 Illoa ll 2&0.9 .11715 1a.2 1.0001) I J 211.11 10'1.(\ ;8958 6'12,2 .3&84 ~ 
3 207.a 2115 s q .112'53 B6.0 .912'1 14 2 t 1." 245.11 ~C1'549 645.8 ,0523 (X) 

4 21 t ~ /j 245,1;1 .11132 '10,A 3.1b1l0 15 211.4 24'5,11 ~'1'S1.I9 11115.8 .OJ',U 
5 t20~0 21l5£9 .lIb61 58.2 .02ul 10 211. /j 2a5.CI .9511'1 b45.8 ,3815 
6 iI,O. "I 2115,,'1 .5863 .. 5.0 ,042/j 17 t21l.0 211'S.9 :9989 89,b .4103 t ., t'l.,;9 211 5.11 .II IHo 75. n '~1;I6"2 18 100.0 73.0 ;11956 'S83.3 .11305 
1\ 220,0 A7 a6 .19A!! 137.b 1.11817 19 16 n .1 24'5,'1 .9Qlll 5Qll,O .4214 
CI 207,11 73 J O ,1'1113 123.7 1.1111213 20 20 1,4 11.0 ;8b10 7011.6 .0011 

10 207;a 101;1.0 .2b63 i08.0 .11'583 21 100.0 13.0 .'50b4 -33.b .0391 
1 \ 2 t I • /I 101;1.0 .2'56e 11/1 ,5 .9"j1l\ 22 19b.'I 260,11 .1I11'!i 14.2 3.5455 

TRE 2bO,OF TCe 110.0F 'E= IIO,OF RETURN IRATIO=.IOO 22/Z1=.220 DT. 4,0 COP= ;8A'I FRACTION OF CAR~O' •• ~9' 
MAX RECOVERaRLE HEAT IN PR~H~'TER= 563:'1 IPRE~EATER EF~. USED= ~B1I3 COP WITH PREH: EFF. OF O.Q= ,930 
CnOLTNG PER Le OF TOTAL VAP, GENERA TEO- a5! I HFAT TO GENER4TOR PER LB OF VAP~. 712.9 30 /I 

LIN~ T,;",P PRESS rONe EIliTHALPV !"ASS FLOW L!~E TEMP PRESS CONC ENTHALPV HASS FI.OW 

1 110;0 n~o .1J7tS "23.5 1I;'5I1'S'5 12 21>0,0 109.0 ;70 12 ,q9.to .40 11 11 
2 19b.9 2bOsll ./171'5 7a.2 1;0000 13 212.'5 109.0 t a'Bt b911.2 • 391111 
~ 208,5 2115.9 ."221 B7.'§ ~1I3&'5 IIJ 2'<',;; 2115.CI .9535 b1l7.0 •• 0113 
II 212;'5 2 11 'S;9 .11102 92.1 3;11151 1'5 <'1?'5 2115.9 ;'1'535 b1l 7.0 .2118! 
<; I"O~O 245 11 1;1 .Rbb7 58.2 ~0333 11> 212.~ ii!1I'!i.q ,11'53'5 b47 .0 .1I00l 
to 11I!.3 2/15.11 • SlIlle -'S.~ ~05C1t 11 lao.o 24"5.11 !9984 8q~b .51147 
'7 2'50~0 21J 5;9 .3123 IU7,U .7517 t 8 100.0 13.0 .91;156 5133.3 .Seen 
II 200.0 A1.l6 .1 1 O~ 202.11 1.~a77 19 \ 6 t .:; 211'5.9 ~'1Qn '598~" .'i781 
Q 208.5 Ha O • I 91J~ 12'S,7 1.5212 20 202,'S 73.0 :863" 70b.8 .lnll 

to 2(\8;0; 10q~o .2b3e 10 9 ,8 .9A31 21 lon.o 7'5.n :sn&Q .'B.o .05/J8 
It 238.7 11)9.0 .11;1 t 7 15 9 • 11 .'I9"! 2;:0 19b,9 2bO.'1 :a71'5 711.2 3.';1155 

" .. 



'>.;, 

Tl'la 1110.01'" TCa ltO.OF Te .. IIO.OF RETURN RATIO=.100 Z21Z1=.IBO DT .. &.j) 1':01'= :35Q FRACTJON OF CARNOT=."SIJ 
~AX RECOVERAB~F ~EAT IN P~!~EATER= &30;11 PREHEATER EFF~ USEO: ;853 cnp WITH PREH~ EFF. OF ~.Q: .1111 
eOnLYNG PER LB OF TOTAL VAP. G~N~RATFD. IIS7.8 ~EAT TO GENERATOR PER LA OF VAP~= bB8. Q 0 5 

UN!' TI" "'P PRESS rONe ENTHALPV "'ASS FLOOj UNf TEMP PRESS CONC ENTIULPV MASS FLO~ 

1 11 0:0 n:o .U715 "23.5 '3~5'5S& t~ IBn.n 10Q.n ;')5111 &"".2 .3987 
2 l<ilb;9 2&0;13 .11715 711.2 1.0000 lJ 207.2 IOQ.O ~QOS7 01111.7 .3(1:38 
3 201.2 2115 a9 .111139 78.8 ;,)071:1 111 207.2 211'3.9 ;9599 blll.2 .15'H 
II 207~2 245 all .a2'511 80;.7 a.lb27 15 201.2 2"5.11 .115')9 0"1.2 '".2812 
'5 120.0 211 5 aCl .1\007 5A.2 .0121 Itl ?0'.2 2115.CI ,t9599 tllIl.2 .3928 
b 10;8.& 21J5.11 .~Cl57 .. 3.') .0217 17 120.0 2"5.9 .Q98C1 B,).& .2330 
7 U2;b 21J 5;9 .':171'17 112.7 1~2A12 18 \on.o 73.0 :9956 583.3 .1!478 
~ 180.0 1!7,sb .29 C1 3 70.8 1.I!&193 III ISfI.b 2115.11 ~9«121 ";QII.II .21157 
q 201.2 73.0 .21115 I t3.! 1.4t11 11 20 1'01.2 73.11 .81178 704.2 -.2179 

10 201;2 lnl1;O .2821 117.9 .9a7t1 21 lon.o 73.0 '.SOtl<l .. 33.b .()1«1$ 
1\ 192.& 109.0 .30/14 81.Q ;9525 22 196. 9 2bO.9 ~"71C; 711.2 11.'55511 

TBa ?20.0~ TCa tIO.OF TEm 1I0.0F RETURN RATIoc.too Z2/ZI=.IRQ DTa 0.0 COPm ;713 FRACTION OF CAR~OT=.oI7 
MA~ RECOVERAALE ~EAT iN PkE~EATER~ 622.11 PREHEATER EFF. USED: .883 COP wITH PREH. fFF. OF 0.9: .715 
CnOLING PER L8 O~ TOTAL VAP. GENERATEO~ /157.0 HEAT TO GENERATOR PER LR OF VAP;c bIl2~/I b " 

LINE TEMP PRESS CONe ENTHALPV MASS FLOW LINE TEMP PRFSS CONC E"NTHALPV MASS FLOW 

, 110;0 73;0 .1J715 "'B.'5 S.55Sb 12 220.0 IOQ,O ;8 72t1 71)8.5 .U098 
2 Iqb;q 2t10.9 .11715 711.2 I~OOOO \3 207.9 1011.0 .111)"2 085.«1 .al011 
J 20! .CI 211 5,11 .1I111C; 79.tI .91177 III 201',9 245.11 ;9592 b41.9 .0055 

~ 
IJ 207~CI 245.9 .a21'!! eo.5 11.111711 15 207. CI 2U'S.1I ,9592 tllll.9 .0784 \.0 
'5 Ii! 0 : 0 211 5,'19 .8b67 58.2 .0231 lt1 207.9 24S.CI .Cl592 tllll.11 .4082 
b 158;9 2a5~9 ."illa2 .11 .1 ;OIlOtl 1l' 12n.0 2"5.11 ;11«189 e9.II .11219 
7 205,117 2115 4 9 .1131)0 83. 11 .921/) 18 100.0 73.0 .9«15& 5113.3 .u554 
II 220.0 IH a6 .1911e Il7./) 1.11955 19 158.11 2415.11 :111120 51111.7 .4515 
q 20!:Q 73 .0 .212«; 1111.2 1.5271 20 197.9 73.0 :878e. 6117.'5 .n31b 

to 2n t;CI 109~0 .i!80Q 98.9 ~q899 2t 100.0 73.0 ;SOb ll .. 33.b .03t17 
11 207.4 109.0 ,i!l6/)8 \0 7." .91'191 22 196. 11 l?tlO.q .4715 711.2 4.555& 

T~B 2&I).OF TOn 110.~F TEa aO;OF ~E! R~ RATIO=.tOO Za/Zi=.18Q DTa b.O COP a ;929 FRACTlnN OF CA~~nTm.b2Q 
MA~ RECOVERAALE MEaT IN ~MEMFATER= Otl4. PREHEATER EFF. USEOa .8a7 COP wIT~ PREH. fFF. OF 0.9: .911b 
COOLING PER LB OF TOTAL V~p. GENERATEDa 1154.3 H~AT TO GENERATOR PER LB OF VAP~a 702,8 13 Q 

UNF TE~P P~ESS C.O~C ENTHHPV MASS FLOW LINE TEMP PRESS CONC ENTH.\LPV MASS i!'l,OW 

I I I 0;0 1'3; 0 .4115 "23.5 5.5C;S& It' 2bO.D 10 9 .0 ;7012 799.b .1I2bO 
2 ICI&.'1 2bOjl'1 .1J7tS 711.2 t~OI)OO 13 210.0 10'1.0 1I 8C;9? be9.'! .&1152 
~ 20&1:"0 2aSa l) ./J3C;~ 82.0 .1)1>31 III 21/).0 2I1S.11 .1)111/)10 bIH!.::;; ",.01110 
II 210.0 2115 3CJ .111'12 B'1. I II!Olln 15 210.11 211'5.CJ ;C;5btl .. tlQ.! .24?1 
iii 120:0 2jjS~C) ,lIbb? '58.2 .0;41 16 210.0 2"5.9 a. 9Sb l> 6114.3 .II'!H~Q .. IbO.O 21J5.c;! .'58<;!a lid! 0 .., ;060'3 \7 i20.0 21J5.<;! .qClSI) 89.", .5988 
? ?'!O.O 21J5;C) .!l123 !'I1.1J .752 C1 III 100.0 7l.0 ;119% 51'13.3 .6>381 
1\ 260"; 0 87~@ • j II) ~ 202.IJ 1.35b'1 1~ tbO.n 2'15.C) • III) 1€> 591.5 Q&355 
<3 <'OllSO 13,0 .eon 117. Q 1~5S5"5 20 20 11 .0 n.o :$71 'i' )'/}1.0 .1 iilSe. 

! 0 2nQ.O 1.0q~O .2711<) t02.'! 1.00711 21 100.0 7~.O ;50bC! =33.0 .055'1 
11 23'5.6 101).0 • I c/1l7 151J.i' I~Ot82 22 196. 9 2&O.c) .a'115 1'1.2 4.555€> 



fae ISO.OF fOc !10.0 p 
MA~ ~ECOVERAalE WEAr IN 
enOL1NC PER L9 O~ rOYAL 

TEe lIO.OF R!YURN RATtO=.IOO Z2/Z1e.180 OTm 
p~E~EArERm e1l3~3 "REHEATER EFF~ USEO= :81.111 

2~0 eOI'm ;337 FPACTION O~ CARNOTs.1I3! 
COP wIT~ pR~H. E~F. OF 0.'1= .uo; 

LINE 

I 
2 
:; 
1I 

'5 
6 
7 
1'\ 

CI 
10 
i I 

TEMP 

11 0:0 
iCl&;CI 
2011,2<; 
20&.5 
120~(,) 
1<;8.1 
1&0:3 
II'IO~O 
201.1;5 
201J~5 
tCl~~a 

PRESS 

'1'3 ~ 0 
2M s Cl 
211 5 11 «) 
2 11 5 a9 
21JS.9 
211S.9 
211S~9 

A",\I& 
'fl. 0 
109~0 
109.0 

V~p. GENERATFO~ IISB.6 MEAT TO GENERATOR P~R LR OF VAP;= &85~O & 

CONe 

.1.11 I 'l! 

.1.1715 

.1I3H 

.1I27/J 

.Ro&7 

.591] 

.588S 

.29 C1 3 

.2001l 

.n:n 

.291J? 

i 
ENTHALp~ 

'"23.S 
71.1.2 
132.6 
ell.CI 
58.2 
01.1 
111.2 
70.8 

I.IS.1 
103.3 
90,0 

MASS FLO~ 

S~55Sb 
IlOt')OO 

.SSIJ 
1I.179 1 

:0120 
~0201l 

1~3111C; 
1.07011 
1.11317 

.Cl252 
,9<'9'" 

LINf 

1l 
!] 

111 
15 
1& 
1'1' 
18 
19 
20 
2t 
22 

TE'fo1P 

180.0 
20&.5 
20(1.<; 
(too.5 
206.5 
120.0 
100.0 
1'58.3 
2011.5 
\00.0 
t9b. CI 

PRESS 

109.0 
109.0 
2115.<I) 
245.9 
lll5.CI 
2115.9 

73.0 
24S.CI 
13.0 
73.0 

2&0.CI 

CONC 

:9"5111 
;9O'f2 
,96001 
.9601 
:96007 
~9989 
,995& 
,99211 
p.85&! 
,5009 
.11715 

ENTHALPY 

&lIlI.2 
6111;1.5 
oUO.5 
6 11 0.5 
0110.5 

@9.b 
511l.3 
59&.2 
711.0 
,,33,& 

74.2 

5 

MASS now 

.~1Q2 

.31118 

.194'5 
-.514'3 

.3765 

.22l10 

.2381 

.2360 
~.2381 

,018) 
11.'5556 

I _ 

T~m 220.0F TC~ IIO.OF 'Em aO.OF RE~URN RATIOG.too Z2/Z1=.IS2 DT_ 2,0 COP= ,&85 FRACTION OF eAR~DTs.SClJ 
MAX RECOVERABLE ~EAT IN PRE~FArER= b20~3 PREHEATER EFF. USED •• 880 COP WITH PREH. EFF. OF o."a .711 
COOLING PER LB OF TOTAL VAR. GENEPATE01 a57.7 HEAT TO GENERATOR PER L8 OF VAP;. 1189;1 b 

TF,fo1p PRESS CO~C ENTHALPI' LY"'F 

1 
2 
1 
II 
5 
& 
7 
1\ 
«) 

t Q 

It 

TE"4P 

110:0 
I«)&;CI 
20<;:2 
20";2 
120~0 
IS8~& 
200.8 
220~0 
205.2 
205:2 
210;CI 

PRESS 

13;0 
260 4 9 
2 l1 S,q 
21J5 a9 
21J 5,9 
2 IJS a9 
21.15 A9 

11 7 1 6 
13.1 0 

I09 s 0 
1,,9.0 

CONe 

.1J7t s 

.4715 

.IJ l t 8 
• 1.1 2'l 3 
.11&&7 
.SCl5e 
.t1l1U4 
.1988 
.201J1 
.2711! 
."S~O 

ENTHALP~ ~ASS fLOW 

.... 3.5 I . 

11.1.2 
83.1.1 
85.8 
58.2 
-3.9 
?s.a 

137.b 
120.0 
1011.11 
113.b I 

\ 

5;S'5511 
1;0000 
.~2117 

11.1"'20 
1°228 
.0389 
'~91J74 

I.U93'l 
1.50b& 

.'1733 
;~72'" 

LINe 

12 
11 
11.1 
15 
I'" 
17 
18 
19 
20 
21 
22 

220.0 
207.l 
207.2 
207.2 
20.,.2 
120.0 
100. 0 
1'58.& 
!CI1.2 
\00.0 
1911. 9 

10Cl.1) 
tOCl.O 
l1l5.CI 
245.1) 
2I1S." 
211S.'I 

73.0 
2I1S.CI 
13.0 
73.0 

260.9 

;1.1726 
,90560 
,.95'19 
j!9'59C1 
a 9S9Q 
.9989 
~9q'5'" 
,.9921 
.8805 
;5(109 
.lI'I'S 

708,5 
bllll.!! 
blll.2 
&111.2 
6111.2 

S<;I.& 
583.3 
SCl6.11 
0'10.2 
-33.0 

74.2 

5 

MAS5 FI.OIOl 

.1<;128 

.3~~'5 

.~336 
,0'52& 
,3115& 
.11180 
.lI44? 
.111108 
.0129 
.03~O 

11.'5'556 

I ~-
T~e 200.0F TC= 110.0F TEs ao.OF RE!~RN RATIO=.IOO Z2/Z1=.IS2 Olm 2.Q COP a ~'I2S FRACTION OF CARNOrs.IIZ! 
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