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Designing an absorption refrigeration cycle for a car

using exhaust gases
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Abstract :

This research includes the design of an absorption cooling system to adapt the
car by taking advantage of the exhaust gases by using a heat exchanger around
the car exhaust with the appropriate diameters and size, and the heat exchanger
was designed according to previous experiments on heat transfer methods and
calculating the average logarithmic temperature difference. This research helps
in solving the problem of excess fuel consumption and cutting spare parts and
reduce the amount of heat leaving the atmosphere from vehicle exhausts that

affect the environment .
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Q°AcC =il 593 B ELI 6!yl Jaidl 1 -3

Q° AC = |Q°met+ Q°dir + Q° Dif + Q°AMB + Q° exH + Q°Eng + Q°ven }

(m°ca+)(Ti—Tcomf
- o )
rej

QOAC =Sl 59 ‘?A C\:\Lﬁ\ Lﬁ)‘)aj‘ Caall

Q°met = 1200Kj/h = Sl pesd Loy paladl) e Ul ¥l Jeal

Q°Dir = 300kj/h = ol gl
Q°Dif = 4300kj/h = il g Ll
Q°AmB = 54C° = Laadll 4 gan
Q°ExH = 400C" = adlall 4 gan
Q°Eng = 2000kj/h = ¢ aall A gan
Q°ven = 1000/kj/h = A5l e zlall Jaall
M° =1182.2m/h = ol gell SN bty Jaxa
CA = 4200kj/kg = o) sell de gill 5 ) yall

Ti =50C = 5 ) gaiall 3 )) ja da

Tcomf = 20C° = Oyl Al 530 A Aa

Q" glass = 4300kj/h = zla 3l DA Ge dasld) Lpegdall 5 jall Jas 3345
Qrej=0.3 * mf * C,, = 122400kj /h
mF =79.1428 m/s
CV = 42000kj/kg

Q° Ac = [1200 + 300 + 45 + 400 + 2000 + 1000 + 4300 + 1200 }

(1182.2 x 4200 )( 50 — 20
122400

)l = 2.563kw
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m; +mg =mg,

my = mg —ms
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Saturated Water and Steam

_T_ S A e 5 Seg s
["cl [bar] [m*/kg] [k 'ke]) (k) kg K]
0.01 0.006112 206.1 o0* 25008 25008 ot 9.155 9.155
1 0.006566 1926 42 24983 25025 0015 9113 9128
2 0.007054 1799 84 24959 2504.3 0.031 9.071 9.102
3 0.007575 168.2 12.6 24936 2506.2 0.046 9.030 9.076
4 0008129 1573 168 24913  2508.1 0061 8989  9.050
s 0.008719  147.1 210 24889 25099 0076 8948 9024
6 0.009346 1378 25.2 2486.6 2511.8 0.091 8.908 §.999
7 0.01001 129.1 294 24843 2513.7 0.106 8868 8974
8 0.01072 121.0 336 24819 2515.5 0.121 8.828 8.949
9 0.01147 113.4 378 2479.6 25174 0.136 878K 8924
10 0.01227 106.4 420 24772 25192 0.151 8749 8900
11 0.01312 99.90 46.2 24749 2521.1 0166 B.710 8876
12 0.01401 93.83 50.4 2472.5 25229 0.180 8671 8.851
13 0.01497 88.17 54.6 2470.2 25248 0.195 8633 8828
14 0.01597 82.89 588 24678 25266 0210 8594 B804
15 0.01704 77.97 629 24655 25284 0224 8556  8.780
16 0.01817 73.28 67.1 2463.1 2530.2 0239  851% 8757
17 0.01936 69.09 71.3 2460.8 2532.1 0.253 R481 8.734
18 0.02063 65.08 75.5 24584 25339 0.268 8444 8712
19 0.02196 61.34 79.7 2456.0 25357 0.282 8.407 8.689
20 0.02337 57.84 839 2453.7 2537.6 0.296 8.370 B.666
21 0.02486 54.56 880 24514 25394 0310 833 5644
22 0.02642 51.49 922 24490 25412 | 0325 8297 8622
23 0.02808 48.62 96.4 2446.6 25430 | 0.339 8.261 8.600
24 0.02982 45.92 100.6 24442 2544 8 i 0.353 8.226 8.579
25 0.03166 43.40 1048 24418  2546.6 0367 8190 8557
26 0.03360 41.03 108.9 24395 25484 0.381 8.155 8.536
27 0.03564 38.81 113.1 24372 25503 0395 8120 8515
28 0.03778 36.73 117.3 24348 25521 0.409 8.085 8.494
29 0.04004 34.77 1215 24324 25539 0423 8050 8473
30 0.04242 3293 1257 24300  2555.7 0436 8016 8452
32 0.04754 29.57 134.0 24253 2559.3 0.464 7.948 8412
34 0.05318 26.60 1424 24205 25629 0.491 7.881 8.372
36 0.05940 2397 150.7 24158 2566.5 0.518 7814 8.332
38 0.06624 21.63 159.1 2411.0 2570.1 0.545 7.749 8.294
40 0.07375 19.55 167.5 24062 25737 0572 7684 8256
42 0.08198 17.69 175.8 2401 .4 2577.2 0.599 7.620 8.219
44 0.09100 16.03 184.2 2396.6 2580.8 0.625 7.557 8.182
46 0.1009 14.56 1925 23918 25843 0.651 7494 8145
48 0.1116 13.23 2009 23870 25879 0678 7433 8111
50 0.1233 12.04 209.3 2382.1 25914 0.704 7.371 8.075
55 0.1574 9578 230.2 2370.1 2600.3 0.768 7.223 7.991
60 0.1992 7.678 251.1 23579  2609.0 0.831 7078 7909
65 0.2501 6.201 2720 2345.7 2617.7 1 0.893 6.937 7.830
70 03116 5.045 293.0 23333 2626.3 J 0.955 6.800 7.755
75 0.3855 4.133 3139 23208 2634.7 | 1.015 6.666 7.681
80 0.4736 3.408 3349 23083 26432 1075 6536 7611
85 0.5780 2.828 3559 22956  2651.5 1134 6410 7544
90 0.7011 2.361 376.9 22828 2659.7 1.192 6.286 T478
95 0.8453 1.982 | 398.0 2269.8 2667.8 1.250 6.166 7416
100 1.01325 1.673 | 4191 2256.7 2675.8 1.307 6.048 7.355

t 1w and s are chosen to be zero for saturated liquud at the triple point.

Note: values of v, can be found on p. 10.

DB g (1-3) A8 Jss
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Specific enthalpy/(kJ, kg)

p; at 3¢® = 0.007575 bar = 7.575 kn
hy = hat3°c = 2506.2 kj/hg Jsal (e
ol il = py

h ol all (s sinall dad 2a5 dday Al (e

0.4 0.5 0.6 0.7
2 S¥RR! e T | | SR R SR GO €] e 0 sl st ) BB i) e ey o ]()()

RO R

,2004L111)1|1 Y _20

Concentration, x/(kg LiBr/kg solution)

(h) Gy ey 58l of s paldll ) sa da 3 (p) o
Xa =0.51
ha= —185kj/ kg
xb = xa = 0.51
Sl g A gl dazia = (p2) o) W
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bacall o s CESAl 5 ) e da o die A Jsas o

(p2) at 34c° = 0.0352 bar = 5.32kN /m?
h, = hg at = 2643.2
Dl ) m Ay e gl Jaim 2Ll e Ay Al e
(p2) at 55¢° = 0.1573 bar = 15.73kN /m?
h, = hg at = 2643.2
sl 5 m Aim 3 pe sl T w5 vic a2l
X, = 0.7
h. = —=35kj/ hg

3

—— 2
/H 1

h, = hg at 130 C° = 2720 kg/ kj
hy = hy = hy at 55 C* = 230.2 kj/ kg
RE = h, — h,

2506.2 — 230.2 = 2276 kg/ kg

Q. 2563
RE 2276

m'y = = 0.0011kg /S

galall & IS 45 ) g

SV
_— | |

mi

o

m, = moa - mof (1)
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[

0.0011=m"y —m’,
Ximy =X, mg — Xpmy
X=X =07 Xa 0.51

Xomg =x pme U
0.51mya= 0.7ms (2)
1l Jall

m, = 0.0029]

m; = 0.0019

hb=—45

Ngall LN o35l x b = 0.4

M,

< <«—— Qg

my ]

Mp
mz == m1|:|

my, = m, = 0.00290]
m, = my = 0.00190]
Qg + myhy, = mch, + myh,

Qg = myh, = mch, —myh,

Q, = (0.0011 * 2720) + (0.0029 * —35) — (0.0029 * —45)[]

Q, = 3.021 kw
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Q=UALMTD

Location of VAR
components in the car

5 )l Al GamaSs. (2—3) Ja

TaA
JJL_III
dsia TsA
2L Al
— —

Sl Slie 5 )l a Dol sy (3-3) J<a
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(Thi - Tco) - (Tho - Tti)

LMTD = - Tr—Tog
Tho_Tci
Thi
\\ ThO
Tco \\
Tci
Ty = 130 Tho = 80
C, = 24 c, =741

130 — 74) — (80 — 24

LMDT = ( )130—(74 )D
LN (80—24 )
= 55.44 U =501
__ Q@
ULMTD
A= _ 3021 0.0015 (]
T 50x5544 oo mm
= 1.5m?2L]
A= m DLNL]
[ = 0.9mlL]
n=>2

15=mx09*2x*xd
d = 0.2653m

18



b
2 b1y s ogidlly Al



DA deghiie ae o3l adledl e 3 a e 5O agl) Al yy ud Caad) fia b
i Al A8l el o gl dag g aadid ) abiaiel] il addail A g (D)
e ogialdl Jeasty Al jall o2

39 Glllie Clual ab ) z3gai Joo @

3yl e glaidd ol alae Clua g Adliaall G glaidl ol 3al o Ja¥l clua o

A gall anilic palall & jlad aliaall 3 ) all Gl o @

lebun 5 Al gl all Jaluall 0 liS @

2l A shiag Leday ) 4S5 g )l adl J ol s daa silly 3 )lall JUE1 (3 5k 4l 50 @

abaia¥) 35l A st Jordi dglee 8 aalall 5l s (pe 5LV (S 4 i) g @

Sl e Dl 5 258 sl RIS Iy s 5l (S il

19



! g

IS Bl alasind sled pe ae dinll (e aladl Cailad) duaiy @lly g i) aa ) paialy aas 1
s 58 il o J sl Gleual 4

da shaiall 5o LS 50l 31 alpall 5 (alall s yaall 8551 jall QU st .2

¥ abad) alasiuly adlell 5 a A Pl Jlae 8 3y ddas Sl 138 o6 o) Jab .3
LS ) Gl Lt Jlay Al Sl adads 5Bl (e S iy il (oS Ay sl

. Aalall 5 Lala)

20



1- IIT Kharagpur , The Version 1 ME , 4, Lesson 14 (2005)

2- Global, Thermax "Engineering Solution Heating, Boilers, Cooling, Water &
Waste Management Specialty Chemical Air pollution Control™ Thermaxglobal,
http:// www.thermaxglobal .com/ double — effect — steam — fired — chiller — s2/.

3- Design and analysis of AC system for automobile vehicle exhaust heat .
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