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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, using a hybrid compression-absorption refrigeration system for providing cooling demand
Received 01 August 2017 of air condition and fridges for meat, fish, vegetable and dairy preservation, simultaneously on a ship is
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Available Online 27 October 2017 proposed. Cooling demands for air condition and fridges are in each ship. So, the use of proposed

system can be considered in all ships and is not limited to a special one. Exhaust gases of auxiliary

Keywords: engine are applied as a heat source for absorption section. The results show that exhaust gases heat

Ship recovered is higher than the demand of generator on all ranges of engine loads. Unlike main engine,
Hybrid Refrigeration System auxiliary engines are always on and don’t depend on the movement of ship. So, exhaust gases of
?i_rd Condition auxiliary engine as a heat source is an appropriate and permanent heat source for generator of
ridge

absorption section. Based on energy, exergy and environmental analysis, a comparative performance
analysis of proposed system and compression refrigeration system in ship has been carried out. The
results show that based on tropical condition, fuel consumption and total irreversibility of proposed
system are respectively 91.6% and 26.6% less than compression refrigeration system in ship. Using a
hybrid compression-absoption refrigeration system in comparison to compression refrigeration system
in ship causes 64834 $ annual saving due to reduction in CO, emission penalty (cost).

Waste Heat Recovery
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Table 1 Composition of exhaust gases of auxiliary engines
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oy e el
°C 5 Al Loy BB oy yaS
°C 106 19955 celes

- 0.707 Jsbme sl )l e 86 oo
°C 8 il ymilisS 3 Lod GMES] 20

i (5551 oo 9 (55 lwaned -3-2

{13] 995 oo a8 )5 Jai 15 5 slas B S iluand sl n

Syl 1B LG a0 i -1

003l (aady) 5 5> o Jome) piams 52l o Lo lad cdl als -2
S

adys ke elsl Al o jeuiliS 5 lnlel (255 50 3 -3
g

ol S g0 3508 Sigg il (203l -4

P Sl (T Spgo 4 wedioe plonl GLEST et p3 o sanl -5
Py

2 oFls s Dl (e )0 S 4 6 Jole 5 s ol 6
Ayl 13 Jolw el

B2) Ly, Glhas J55 o2 S ln IS Sl 50 65505 02 Sl
16 5500 ol

2. = ) e @
0=+ Y b = e =0 .

N e Sl LS Gl B2) ok by, S8 AL
Jsl o5l c¥olas on ools Glis 1 US54 o5 i - saST5 ooy yoed
ool 0301 B Jgoz ;0 a5 09 alys g bl Salisoge 3
5wy EES Jl3le s b 5l glaaly allie ol o eaiadl,] Joo (ol
B by balis w3 Sy o eyl sles oils b el o 1]
e Glgiee s I3 elal ) sl e layglplsl (g5 S0l
5illsl sles cymadls s b Byl 5105 dslims |y Laygilylel 51 Sy m
oS )5 50 5 gl aistd e Lsilalel b s)liel Joe
JB B (o515 S jeilasS slos slaal Jowe po Les BDS
gl o 0 jeuilaS (255 &5 (25 (pl 4 4z bl el
5 P2 50,8] cavods Lo )S diilos 1) jeaslasS Lid les pe el glidl
sgoreS 3l dm Ol Slasie jgepneS Saginl caye R
e oS5 s 5l ol > pled Slasiin &j90 (o 398 s Al
S9se delne S (23 (salor O3 285 a5 )0 bl ge ey

432



VoD 9 JM Sl duw

BT S )3 (32 — o513 (391 33 a5 i Sl 0 3Ll iy ) boaxo 9 550351 s p3l Jukxs

40 4Tl 38 39
27
28 e Generator
Condenser -
24 23
Expansion valve7 y
Y
1 E rator:
2 p” vaporator5
SHX
32
Expansion valve6 Evaporator6 25 2
33 0 ey 34 Wy
_’M YT T T TTTT T » Expansion valve8 @
Cascade condenser
3 26 21
35
Expansion valve4 2 > Absorber
4
Evaporator4
4 5 P 6 l T
! 37 36
Expansion valve3
> Evaporator3 \ {
5> ><| T P 10 11 c
ompressor
v
13 Expansion valve5 -22_
Expansion valve2 12 4
\4 Evaporator2 :"
14 15
17
Expansion valvel
Evaporatorl R 1
18 19
Fig. 1 Hybrid compression-absorption refrigeration system
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Table 6 Energy and exergy equations of the system
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= - == Heating supply for generator with exhaust gases
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Fig. 2 Comparison of exhaust gases heat recovered and demand of
generator on different engine loads
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Table 7 Comparison of present model with Cimsit and Ozturk [12]
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Table 8 Comparison of compression refrigeration system model in
ship with experimental data
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Fig. 3 Fuel consumption of proposed system and compression
refrigeration system for different ambient temperatures
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Compression Refrigeration System in Ship (Units: GJ) Condenser Alr condition
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Fig. 4 Energy flow of the proposed system and compression refrigeration system in ship
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system with amount of CO, emission and its cost
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