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Abstract Considering the significant waste of industrial energy, effective use of low temperature waste heat is
extremely important. In this study, a heat pump cycle with double effect and double stage was realized, which
escalates the hot water temperature from 500C to 700C using 1600C high temperature heat source and 170C low
temperature heat source. The steam generated in the first generator condenses in the first condenser generating steam
in the second generator. The steam condenses in the second condenser and is provided to the second evaporator. Part
of the water out of the second evaporator is supplied to the first evaporator, which evaporates using low temperature
waste heat. The evaporated steam enters the first absorber and the second evaporator. The steam out of the second
evaporator is absorbed into the solution at the second absorber. The hot water temperature is raised in the second
condenser and in the second absorber. Proper flow rates and UA values, which satisfied temperature lift 200C and
COP 1.6, were deduced through trior and error. The COP increases as the temperature of the high temperature water
increases, hot water temperature decreases and flow rate increases, waste water temperature and flow rate increases,
solution circulation rate decreases. On the other hand, the temperature rise of the hot water increases as the
temperature of the high temperature water increases, hot water temperature increases and flow rate decreases, waste
water temperature and flow rate increases, solution circulation rate increases. In addition, the COP and hot water

temperature rise increase as UAs of the heat exchangers increase.
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Fig. 1. Diagram of an single-effect absorption chiller

Table 1. Selected parameters and their values for the single
effect absorption chiller

Parameter Value
mg 2.0
mp 12.0
mg 7.0
mc 8.0

UAnx 22.0
UAg 15.0
UAa 80.0
UAg 80.0
UAc 70.0

Table 2. Comparison of simulation results with performance data

Param . Performance Simulation Difference
Unit

eter data result (%)
Tu T 95.0 95.0 0
T T 80.0 79.8 0.25
Ti; T 12.0 12.0 0
Ty T 7.0 6.99 0.14
Tis C 32.0 32.0 0
Tis T - 349 -
Ty T - 349 -
Tis T 37.0C 37.1C 0.27
Phigh kPa 6.00 7.02 0.43
Piow kPa 0.88 0.88 0
COP 0.704 0.693 1.56
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Fig. 2. Flow diagram of the double effect double stage
absorption heat pump
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Table 3. Conservation equations of the absorption heat pump.

component conservation Egs.
My T 10y, =My, ()
MygTog = Mgy Ly ?2)
Moy hyy + 1My Ry =Myghy + Qpy G3)
st _
1 Qe =My (Cp27 T — Cpog T ) @
enerator _
£ Qo1 = UAG AT, ¢ (©)
[(T27_ T21> B (T->s_ T2,1)]
AT = > 6
Im, G1 1n(T277 Ty (6)
( Tzs - Tz4)
My, Hmy =My, 7)
Myglog = Myylyy ®
- myhy +my by =myghy, + 0 (9)
generator/1st Qer =My (h24 ~has ) (10
condenser Qe = UAC,QATZm,CH )
[(Ty— Th) — (Tos— Tir) ]
AT = = - 12
Im, G2 n(Tm_ T.) (12)
(T25 B T17)
my; +myg :mls (13)
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nd Qe =My, (Cp3l T, — Cp32 7§2) (15)
condenser Qey = UALAT,, o (16)
(T, — Ty) — (Tig— Ty)]
Alyo=———(r—7) (D
1 1~ I
" (Tm - T:sl)
a my +mg =my, (18)
o
hiy +mh 19
evaporator Moo T 1Moty (19
=m;h; +mghg +my hy,
m; +m; =my (20)
mzhy +myghyg =muhy + Qu, (21)
o Qo :m”( Cp32 Ty — p;sT;:s) 22
absorber QA? UA4QA:ZZm A2 (23)
[(T1 Tgs) (T7 T32>]
ATy, 40 = 24
I, A2 1n(T47 Ty) (24)
( T~ T32)
My =My, (25)
myoh o =mehy + Qg (26)
I @ =My (CpZO Ty — 30 T30) @7
evaporator Qp = VA AL, 5 (28)
[(T29_ TQ) - (Tso_ Tm”
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st o
lb N @ *mn( puﬂzf pnjil) 33)
absorbet Q/ll - UAAIAT;m Al (34)
(7, = Th) = (T — T0)]
AT, = 35
I, A1 N (T,= Ty) (35)
( Tlo B Tn)

My =My (36)
my =myg 37
It Qsprx1 =My (Cpng Cp2 7;) (33)
soluton Qsaxy =My (cp47; Cos 1) (39)
H-X Qspx1 = UAgyn ATy sy (40)
T,— 1) — (T, — T,

ATy sty = (73 N (3;1,(1:;) ] 41)

( Ts =T 2)
M3 =My (42)
myy =my; (43)
o Qspry =13 (cp13 T3—c3Ty ) @4)
solution oy =My (c 14 T, — G15 ]15) 45)
H-X Qspxy = UAgyy o ATy sypxs (46)
AT, sx0 = [( T 1;3;3 17;; Tis) ] (47)

n (TM_ T15)
My3 = My (48)
3 Moy = My (49)
solution Qsrxs :m13(cp20 Ty —¢p3 Tiy) (50)
H-X Qsprxs :le(CpQLTZI Cp22 T35) (51)
Qspxy = UAgyyo AT, sypxe (52)
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Fig. 3. During diagram of the double effect double stage
absorption heat pump
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Table 4. Thermodynamic states of refrigerant and solution for the absorption heat pump shown in Fig. 2

Point state Note
1 saturated liquid solution vapor quality 0
2 subcooled liquid solution determined by pump
3 subcooled liquid solution determined by SHX1
4 saturated liquid solution vapor quality 0
5 subcooled liquid solution determined by SHX1
6 vapor-liquid solution determined by expansion value
7 saturated liquid solution vapor quality 1.0
8 saturated liquid solution vapor quality 0
9 vapor-liquid solution determined by expansion value
10 saturated liquid solution vapor quality 1.0
11 saturated liquid solution vapor quality 0
12 vapor-liquid solution determined by Qai
13 subcooled liquid solution determined by SHX2
14 saturated liquid solution vapor quality 0
15 subcooled liquid solution determined by SHX2
16 vapor-liquid solution determined by expansion value
17 super heated water vapor zero salt content
18 saturated liquid solution vapor quality 0
19 vapor-liquid solution determined by expansion value
20 subcooled liquid solution determined by SHX3
21 saturated liquid solution vapor quality 0
22 subcooled liquid solution determined by SHX3
23 vapor-liquid solution determined by expansion value
24 super heated water vapor zero salt content
25 vapor-liquid solution determined by Qg2
26 vapor-liquid solution determined by expansion value

A9] 23

o 2 (my;) 7.0 kg/s, 17°C AL L9
L2 (myy)2 8.0 kg/s, 50°C 259 B (my)
8 kg/so|t}. Table 59l= &< Au&7|E v|F3te] 7}
271719 UA #tol Yeht itk
Table 6 AlE#H A A#E Uedch o &
Al 1 A7 (GDE B (L) 99.62 kPa, Al 2 zw
7] (G2)<} xﬂ 1, A2 €27 (C1, C2)9 4F2 18.88
kPa, Al 2 TF7] (A2)SF Al 2 297 (E2)Y ¥
5.31 kPa, xﬂ S5 (ADS Al 1 E287] (ADY 4E
< 1.36 kPa ¥& HojFrh

A1 F571 (ADE U2 FE 522%°] LiBr &4
2.0 kg/s= A 1 A7 (GOl FY=] 0.079 kg/sel
F717F B A FE 543%9] FE& 1.921
kg/sE &9 G 3H7] (SHX3)E AA A 2 A7) (G2)
2 FY99th A 2 A7 (G2)ME FE 543%9
LiBr 8 1.921 kg/s¢] FU= ] 0.066 kg/se 5
717} va—a—}z UM =5 56.3% érﬁoﬂ 1.855 kg/s
= &9 9w 1 (SHX2)Z AA A 2 T47] (AR
949} A 2 F47] (AN E =& 56.3%—4 LiBr
8 1855 kg/sﬂ- A 2 ZA7|(E)ERH FY

o pe
My

fo

+37] 0.081 kg/s¢] EFE FE 53.9%2 8
1.936 kg/so] THEO|A L o] FENAL Ll HYIy)

(SHX3)E AA A 1 F57] (ADZ Fd=eh A 1 F
F71 (ADANAE FE 53.9%2] LiBr 829 1.936 kg/s
o A 1 FWNEDNLZEH FYE 57] 0.064 kg/s
o] E3tHo] & 52.2%9] &N 2.0 kg/s©] THEOIA
3o FEAL A Al 1 ARZZE YL Al 2 AK

Table 5. Selected parameters and their values

Parameter Value
my (kg/s) 2.0
my; (kg/s) 12.0
My, (kg/s) 7.0
Moy (kg/s) 8.0
my, (kg/s) 4.8
UAsixi (kW/K) 22.0
UAsuxa (kW/K) 8.0
UAsnxs (KW/K) 15.0
UAg (kW/K) 15.0
UAg (kW/K) 80.0
UAc: (kKW/K) 80.0
UAar (kW/K) 70.0
UAn2 (kW/K) 140.0
UAg; (kW/K) 60.0
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Table 6. Simulation results of the absorption heat pump
cycle shown in Fig.1

h m P T X
[ki/kg] [keg/s] [kPa] [C] [%]
1 79.70 2.0 1.36 36.73 0.5218
2 79.70 2.0 99.62 36.73 0.5218
3 129.6 2.0 99.62 60.18 0.5218
4 143.9 1.936 5.31 65.38 0.5390
5 92.26 1.936 531 40.67 0.5390
6 92.26 1.936 1.36 39.92 0.5390
7 2562 0.081 531 33.95 1.0
8 142.2 0.064 5.31 33.95 0
9 142.2 0.064 1.36 11.55 -
10 2522 0.064 1.36 11.55 1.0
11 142.2 12.0 5.31 0
12 145.8 12.0 5.31 13.0 -
13 181.7 2.0 99.62 84.09 0.5218
14 219.3 1.855 18.88 98.71 0.5625
15 163.2 1.855 18.88 71.69 0.5625
16 163.2 1.855 5.31 70.27 0.5625
17 2676 0.066 18.88 94.58 -
18 246.3 0.145 18.88 58.83 0
19 246.3 0.145 5.31 33.95 -
20 276.7 2.0 99.62 126.93 0.5218
21 307.7 1.921 99.62 141.03 0.5431
22 208.7 1.921 99.62 95.46 0.5431
23 208.7 1.921 94.65 0.5431
24 2749 0.079 99.62 136.37 0.0
25 417.1 0.079 99.62 99.53 -
26 417.1 0.079 18.88 58.83 -
27 7 160
28 151.37
29 8 19.0
30 12.46
31 4.8 50.0
32 58.66
33 70.14
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