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Solution:- Given  (Water cooled refrigeration condenser, Refrigerant 22, Qe = 80 kW, Te = 5 oC, 

Tc = 45 oC, Cooling water Tin = 30 oC and Tout = 35 oC , Two-pass 42 Tubes, copper tubes ID= 14 

mm , OD = 16 mm, Hermetic compressor, (1/hff  = 0.000176 m2 .K/W) Find condenser area and 

tube length. 

𝐻𝑒𝑎𝑡 𝑟𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 =  
𝑄𝑐

𝑄𝑒
 

QC = Heat rejection ratio X Qe 

 

QC = 1.27 X 80 = 101.6 kW 

QC = Uo Ao LMTD 

1

𝑈0𝐴𝑜
=

1

ℎ0𝐴𝑜
+

𝑥

𝑘𝐴𝑚
+

1

ℎ𝑓𝑓𝐴𝑖
+

1

ℎ𝑖𝐴𝑖
 

 

1

𝑈0
=

𝐴𝑜

ℎ0𝐴𝑜
+

𝑥 𝐴𝑜

𝑘𝐴𝑚
+

𝐴𝑜

ℎ𝑓𝑓𝐴𝑖
+

𝐴𝑜

ℎ𝑖𝐴𝑖
 

5 oC 

45 oC 

1.27 
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1

𝑈0
=

1

ℎ0
+

𝑥 𝐴𝑜

𝑘𝐴𝑚
+

𝐴𝑜

ℎ𝑓𝑓𝐴𝑖
+

𝐴𝑜

ℎ𝑖𝐴𝑖
 

 

 

 

 

 

 

 

 

 

 

g = Gravity acceleration 9.81 m/s2 

hfg=  Latent heat of vaporization ( hg –hf) J/kg , R-22 table of properties at 45 oC  

 hfg = ( 417.308 – 256.396)= 160.912 kJ/kg = 160912 J/kg 

ρ = Refrigerant density (1/νf) kg/m3  

ρ = (1/ (0.90203 x 10-3)) = 1108.6 kg/m3 

k = Refrigerant thermal conductivity W/m.K (from table 15-5 by interpolation) 

 

 

 

 

µ = Refrigerant viscosity (liquid viscosity) Pa.s  

 

 

 

 

Δt = Temperature difference between refrigerant vapor and outer surface of tube. K   (Δt = 5 K) 

𝐴𝑜 = 𝜋 × 𝑂𝐷 × 𝐿   (Outside surface area) 

𝐴𝑖 = 𝜋 × 𝐼𝐷 × 𝐿      (Inside surface area) 

𝐴𝑚 =
𝐴𝑜+𝐴𝑖

2
                (Mean area) 

𝑥 =
𝑂𝐷−𝐼𝐷

2
  (Wall thickness) 

 

 توضيحات 

Finding ho 

40        0.0805 

45           k                             [
𝑘−0.0805

45−40
=

0.0704−0.0805

60−40
, 𝑘 = 0.0779 𝑊

𝑚. 𝐾⁄ ]    

60        0.0704     

40        0.000182 

45           µ                            [
µ−0.000182

45−40
=

0.000162−0.000182

60−40
, 𝜇 = 0.000177 𝑃𝑎. 𝑠]    

60        0.000162     
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D= Outside diameter of tube (OD) m.   ( OD = 0.016 m)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        
1

 ℎ𝑜
=

1

1528
= 6.544 × 10−4 𝑚2. 𝐾/𝑊 

 

 

 

2 

3 

4 4 4 4 3 4 
3 3 3 3 

2 



20 
 

𝑥𝐴𝑜

𝑘𝐴𝑚
=  

(𝑂𝐷 − 𝐼𝐷)
2  × ( 𝜋 × 𝑂𝐷 × 𝐿 × 𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑏𝑒𝑠)

𝑘 × (( 𝜋 × 𝑂𝐷 × 𝐿 × 𝑁𝑜. ) + (𝜋 × 𝐼𝐷 × 𝐿 × 𝑁𝑜. ))/2
=  

(𝑂𝐷 − 𝐼𝐷)
2  

𝑘 
 ×

𝑂𝐷

(𝑂𝐷 + 𝐼𝐷)
2

 

 

∴  
𝑥𝐴𝑜

𝑘𝐴𝑚
=  

(0.016 − 0.014)
2  

390 
 ×

0.016

(0.016 + 0.014)
2

= 2.735 × 10−6 = 0.000002735 𝑚2. 𝐾/𝑊  

 

  
𝐴𝑜

ℎ𝑓𝑓𝐴𝑖
=

1

ℎ𝑓𝑓
 ×

𝜋 ×𝑂𝐷×𝐿×𝑁𝑜.𝑜𝑓 𝑡𝑢𝑏𝑒𝑠

𝜋 ×𝐼𝐷×𝐿×𝑁𝑜.𝑜𝑓 𝑡𝑢𝑏𝑒𝑠
= 0.000176 ×

0.016

0.014
= 2.0114 × 10−4 𝑚2. 𝐾/𝑊  

 

Finding hi 

 

 

 

 

𝑄𝐶 = 𝑚̇𝑤 × 𝐶𝑝𝑤 × (𝑇𝑜 − 𝑇𝑖) 

101.6 = 𝑚̇𝑤 × 4.19 × (35 − 30) 

𝑚̇𝑤 = 4.85 𝑘𝑔/𝑠 

𝑉 =
𝑚̇𝑤

𝜌 × (21 ×
𝜋
4 × (0.014)2

 

 

𝑉 =
4.85

1000 × (21 ×
𝜋
4 × (0.014)2

= 1.5 𝑚/𝑠 

 

Water properties at temperature average temperature (35+30)/2 = 32.5 oC   

ρw= 995 kg/m3, Cpw =4190 J/kg.K , µw = 0.000773 Pa.s , kw = 0.617 W/m.K 

 

 توضيحات 

𝑚̇ = 𝜌 × 𝑉̇ 

𝑚̇ = 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒
𝑘𝑔

𝑠
 

𝑉̇ = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒
𝑚3

𝑠
= (𝑇𝑢𝑏𝑒𝑠 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑎𝑟𝑒𝑎) × 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 

𝐴 =  
𝑁𝑜. 𝑜𝑓 𝑇𝑢𝑏𝑒𝑠

𝑃𝑎𝑠𝑠
× 𝑇𝑢𝑏𝑒 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 

𝑉̇ = 𝐴 × 𝑉 = (21 ×
𝜋

4
 (0.014)2) × 𝑉  

𝑚̇ = 𝜌 × 𝑉̇ = 𝜌 × (21 ×
𝜋

4
 (0.014)2) × 𝑉 



21 
 

ℎ𝑖 × 𝐼𝐷

𝑘
= 0023 (

𝑉 × 𝐼𝐷 × 𝜌

𝜇
)0.8 × (

𝜇 × 𝐶𝑝

𝑘
)0.4 

 

ℎ𝑖 × 0014

0.617
= 0023 (

1.5 × 0.014 × 995

0.000773
)0.8 × (

0.000773 × 4190

0.617
)0.4 

 

hi = 6910 W/m2.K 

 

𝐴𝑜

ℎ𝑖 × 𝐴𝑖
=

(𝜋 × 𝑂𝐷 × 𝐿 × 𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑏𝑒𝑠)

ℎ𝑖 × (𝜋 × 𝐼𝐷 × 𝐿 × 𝑁𝑜. 𝑜𝑓 𝑡𝑢𝑏𝑒𝑠)
=

0016

6910 × 0.014
= 1.653 × 10−4    𝑚2. 𝐾/𝑊 

 

1

𝑈𝑜
= 6.544 × 10−4 + 2.735 × 10−6 + 2.0114 × 10−4 + 1.6539 × 10−4 = 1.0236 × 10−3 

∴ 𝑈𝑜 = 976.88 𝑊 𝑚2. 𝐾⁄  

 

 

 

 

 

 

QC = Uo Ao LMTD  

101.6 = 976.88 X Ao X 12.33 

 

 

 

Ao = π X OD X L X No. of tubes  

8.43 = π X 0.016 X L X 42  

 

 

 


