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An Experimental Study to Shaw the Effect of Capillary Tube — Suction Line
Heat Exchanger on Refrigeration System Performance

Samer Mahmood Khalaf
Mechanical Engineering Department, Tikrit University, Iraq

Abstract

An experimental study was investigated to show the effect of heat exchangers of capillary tube
with suction line on compression refrigeration system performance which work on R-134a as
refrigerant. Three types of heat exchangers (Coil, Concentric, Lateral) with capillary tube where
made to use in refrigeration system. The experimental setup is measured for various volumetric
flow rates for refrigerant, different air speeds for evaporator. So iterative method to find the
actual process in capillary tube - suction line heat exchanger. The experimental results showed
that at low refrigerant flow rate 15kg/hr, the maximum coefficient of performance for lateral heat
exchanger which was 2.992 and minimum coefficient of performance for coil heat exchanger
which was 2.876. While in case of high refrigerant flow rate 22.5kg/hr, the maximum COP for
coil heat exchanger was 3.6, which was the highest value for all heat exchangers using in the
system.

Keywords: Suction line-capillary tube heat exchanger, Performance of compression
refrigeration cycle.
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1 0.3 235 | 656 | 266 | 215 | -12.7 | 231 | 1.55 9 0.37
2 | 0275 | 223 | 61 253 | 17 | -11.7 | 22.6 | 1.22 | 8.25 0.34
3 0.25 219 | 552 | 248 | 15 | -176 | 18 1.1 9 0.31
4 | 0225 | 213 | 54.6 | 249 | 119 | 2.7 | 241 | 0.875 | 9 0.31 Concentric
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g (m/s)
K 34 8.6 0 0.8 2.12
K' 23 6.2 | 231 411 0 0.8 2.11
1 13 4.5 | 217 406 0.07 4.09 10.8
2 3 3.2 | 204 400 0.13 9.32 24.7
3 -7 2.2 | 190 394 0.2 18.5 49.2
4 -18 1.4 | 176 388 0.26 34.9 92.4

ENE RITEN
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G=(4*0.00208)/(7rd?)=2648 kg/m?s
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. Dryness | Specific Flow ¢ “ .
Srg:ég)sn Iﬁ:\(lt(rgellll(p))/ Frz)a/ction VF(J)Iume Velocity s alS ghoall e suy 5ol all ¢ sisall (3) dsaad)
V1 xiye) | (mke) | (mis) first iteration !5
K 231.8 0 0.8 2.0624
K' 231.8 0 0.8 2.0624 Fﬁp‘go Specific Flow
1 227.4 0.0742 | 3.264 | 8.4184 nodes | Enthalpy (>fl) Volume | velocity
2 227.2 | 0.1348 | 9.103 | 21.406 (hi) © m¥kg) | (mis)
3 226.4 0.195 | 17.999 46.4 < (kJ/kg) 5 o8 51715
4 224.09 0.242 | 32.135 | 82.84 K 5318 o 0:8 2:119
1 2317 0.0748 4.09 10.838
—:al) Al -2 2 231.4 0.1384 9.32 24.716
- . - 3 230.6 0.2 18.75 49.21
Capillary case:concentric 4 22752 | 0.2633 | 34.9 92.485

Uair :3.8m/sec
isenthalpic ghall Jliels il G st R-134a 2ol Jilud (el de ju s Gal 11 (5) Jgaad)

No T Pi Hfi Hfg (Xi) \éi Ui=G*V
) | bar (kJ/kg) (kJ/kg) (k) (m/s)
K 36 9 --- --- 0 0.8 2.437
K' 25 6.66 234.6 412.6 0 0.8 2.437
1 14 4.73 219.6 406.8 0.0826 4.319 13.162
2 3 3.26 204 400.5 0.1557 10.73 32.694
3 -8 2.16 189.3 394.1 0.221 21.07 64.2
4 -16 1.55 178.9 389.2 0.264 33.647 102.52
-10sSiy -OsS G
m=0.37/ (388-227.52)=0.002025 kg/s ~ h4=h= 234.6 (kJ/kg)

d=0.001m

hall de (e JSIAEEST (yal A1 (7) Jgad)
final iteration s, sl (s sisall

nodes Fanno Dryness | Specific Flow
line Fraction | Volume | velocity

Enthalpy (Xi) () (m3kg) (m/s)

(hi)(kJI/kg)

K S 0 0.8 2.3575
K' 229.34 0 0.8 2.3575
1 229.26 | 0.0794 | 4.182 | 12.325

2 228.85 | 0.1529 | 10.55 31.1
3 227.58 0.211 | 20.127 | 59.312
4 225.27 0.239 | 30.614 | 90.218
A Al -3
Capillary case : welding, Uair: 3.8 m/s

m=0.37/ (389.2-234.6)=0.00239 kg/s
G=(4*0.00208)/(td*)=3047 kg/m’s

Ohoall de s (5ol all (s sl s (6) Jgad)
first iteration sl ¢1,al8

Fa}nno Dryness | Specific Flow
nodes Enltlr?e(flpy Fraction | Volume | velocity
(hi)ka/kg) | D ©) (m/kg) (m/s)
K 0 0.8 2.437
K' 234.6 0 0.8 2.437
1 234.5 0.0826 | 4.319 | 13.162
2 234.06 | 0.1557 | 10.73 | 32.694
3 232.5 0.221 21.07 64.2
4 229.34 0.264 | 33.647 | 102.52
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isenthalpic choal el (s il e R-134a 2ol Bid ol all de juy al 3l (8) Jgaad)

No T Pi hfi hfg (i) Vi Ui=G*V
(C% bar kJ/kg kJ/kg (m3/k) (m/s)

K 37 9.25 0 0.8 2.337

K' 26 6.86 236.1 177 0 0.8 2.337

1 15 4.88 220.3 186.8 0.0835 4.249 12.415

2 4 3.37 205.4 195.7 0.156 10.149 29.655

3 -7 2.25 190.7 204 0.2225 22.43 65.54

4 -17 15 177.6 211 0.277 36.648 107.08
ol bi Jes Ggaldl oedll el JsY) -
Soe 0n e g el saYl) (SA s (Coiled hs=hs=236.1 (kJ/kg)
gl @sa¥l) Gl ((Concentric sl las hgs = 388.6(kJ/kg) Qr=0.35

(Lateral or Welded «sull ba e alalll cudial)
Gle GOl JIKEY) s il A8 el il an ) aig
Aokl L shiall 8 g pndll sV Jae

diladl b B3y (10) B (2) dslall e
(Concentric) @ Sal (somill sV 53 (5l all
0.239 22aill Ay o 75 A e Cilés A J8) A
<l (Coil) <asalall sV g3 5 yall Jaladl) Laiyy
0.263 <l (Lateral) sa 5 <Gl Jalwll 5 0.242
als e e calaa A J8Y1 Jolal) o) i Ve
Sedde yull o) By Ly Al 1 de (s
duai Cun (lateral) sadU duilly o 33l 13 xie
Gl o depu B s B Ll 95.68 L
Ao ol &)“n 234 g “\-‘-‘U/e 82.84 5 (coil)
Ll byl 8 cliall il Sy ilea
skl A skl alal (IS 1Y) o sl dasdas

Jie g Ciliall du 1le (4) JSE) ma s
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JSA e BBl 5 i) Jagus o I (38030 Jama 300 )
pladin) Al 8 il 55l 3 Calia A el o
B ELI R R VY «(concentric) @il sy
Jalall aladin) Aagh 4dléa At Gl ) A o2 3
e 4_\.\)3 dag ) Aagmlly gam B8 Nay g lall
s Aglaal) 50l (g Melal e 065 ) Al 5 ) )
35l il A QS o Jaad

0.3 + cap.col

B =p. constric
cap. lateral
e [T (g2, 0]
s Linear (cap. conslric)

lingar jeap. lataral)

dryness fraction

i 16 18 il 1 pid
mass flow rate

e 2l Jass ol (30 Jana G 28321 (4) Jed)

d=0.001m
m=0.35/ (388-231.8)=0.002295 kg/s
G=(4*0.002295)/(rd?)=2922 kg/m?s

s1alS sl de sus 5ol all (s siadl (9) Jsaad
first iteration s

Fanno Dryness | Specific Flow
nodes Enltlr?:lpy Fraction | Volume | velocity
(hykarkg) | DO | (m'ka) | (mis)
K 0 0.8 2.337
K' 236.1 0 0.8 2.337
1 236 0.0835 | 4.249 | 12.415
2 235.66 0.156 | 10.149 | 29.655
3 233.95 | 0.2225 | 22.43 | 65.54
4 230.36 | 0.277 | 36.648 | 107.08

m=0.35/ (388-227.52)=0.0022118
G= 4m/(md?)=2816 kg/m?s

kg/s

Shoall de ju e S AgES al A1 (10) Jgaad)
final iteration s, (s sisalls

nodes | Enthalpy | Dryness | Specific Flow
hi(kd/kg) | Fraction Volume | velocity

Xi) () (m°/kg) (m/s)

K 0 0.8 2.252
K' 236.1 0 0.8 2.252
1 230.31 | 0.0828 3.429 9.629

2 230 0.155 9.238 26

3 228.07 | 0.217 23.996 | 67.57
4 225.78 | 0.263 | 33.9796 | 95.68
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