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Example : Shell and Tube Heat Exchanger Design 
 
Tca = 20 ℃   

Tcb = 60 ℃   

Tha = 104.4 ℃  

Thb = 104.4 ℃   

𝑉𝑐 = 2 m/s 

𝜆 = 2251000 𝐽/𝑘𝑔 

𝑁 = 100 

mḣ =?   

𝐿 =? 

𝑇̅𝑐 =
20 + 60

2
= 40 𝑜𝐶 

Properties of ethylene glycol at 40 oC are read from Table 4. 

ρc = 1101.43 kg/𝑚3   

μc = 9.57 × 10−3𝑘𝑔/𝑚𝑠  

μw = 5.16 × 10−3𝑘𝑔/𝑚𝑠  

C𝑝𝑐 = 2474 J/kg 𝑜𝐶  

kc = 0.256W/m ℃   

𝑃𝑟𝑐 = 93 

3/4-in BWG 16 pipe dimensions are read from Table 11. 

𝐷𝑖 = 15.75 × 10−3𝑚 

𝐷𝑜 = 19.05 × 10−3𝑚 



 
 
 
 
 
 
 
 
 
 

q = UAFG∆TL
̅̅ ̅ = ṁcCpc(Tcb − Tca) 

∆TL
̅̅ ̅ =

(Tha − Tcb) − (Thb − Tca)

𝑙𝑛
(Tha − Tcb)
(Thb − Tca)

=
(104.4 − 60) − (104.4 − 20)

ln
44.4
84.4

= 62.27 𝑜𝐶 

∆TL
̅̅ ̅ must be corrected with FG multiplication. 

η =
Tcb − Tca

Tha − Tca
=

60 − 20

104.4 − 20
= 0.47                               

z =
Tha − Thb

Tcb − Tca
=

104.4 − 104.4

60 − 20
= 0 

FG is read from Figure 26 (a) as 1. ∆TL
̅̅ ̅ correction is found to be unnecessary. 

𝑚̇1𝑝𝑖𝑝𝑒 = ρc. 𝑉𝑐 . 𝑆𝑖 = 1101.43 × 6 ×
𝜋

4
× (15.75 × 10−3)2 = 1.2875 𝑘𝑔/𝑠 

𝑚̇𝑡𝑜𝑡𝑎𝑙 = 𝑚̇𝑐 = 𝑚̇1𝑝𝑖𝑝𝑒 × 𝑁 = 1.2875 × 100 = 128.75 𝑘𝑔/𝑠 

1

𝑈𝑜
=

1

ℎ𝑜
+

𝐷𝑜

𝐷𝑖ℎ𝑖
 

Re =
DiVcρc

μc
=

15.75 × 10−3 × 6 × 1101.43

9.57 × 10−3
= 10876.2 > 10000 𝑇𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡 𝑓𝑙𝑜𝑤 

Nu = 0.023 Re0.8Pr1/3 (
μ

μw

)

0.14

= 0.023 (10876.2)0.8(93)1/3 (
9.57 × 10−3

5.16 × 10−3
)

0.14

= 192.59 

ℎ𝑖 =
𝑁𝑢 × kc

Di
=

192.59 × 0.256

15.75 × 10−3
= 3130𝑊/𝑚2 𝑜𝐶 

𝑇𝑓 =
𝑇ℎ + 𝑇𝑤

2
=

104.4 + 60

2
= 82.2 𝑜𝐶 

Properties of water at 82.2 oC 

ρf = 970.2 kg/𝑚3   

μf = 3.47 × 10−4𝑘𝑔/𝑚𝑠  

kf = 0.673 W/m ℃   

 

 
Tha 

 

Tcb 
Thb 

 

Tca 

Lenght of tubes 



ℎ𝑜 = 0.725 [
ρf g (ρf − ρϑ )  kf

3

N
2
3 Do μf (Th − Tw)

]

1
4

 

ℎ𝑜 = 0.725 × [
970.22 × 9.81 × 2251000 × 0.6733

1002/3  × 19.05 × 10−3 ×  3.47 × 10−4
 (104.4 − 60)

]

1/4

= 4079𝑊/𝑚2 𝑜𝐶 

1

𝑈𝑜
=

1

4079
+

19.05

15.75 × 3130
→ 𝑈𝑜 = 1583.3𝑊/𝑚2 𝑜𝐶 

q = ṁcCpc(Tcb − Tca) = ṁh = 128.75 × 2474 × (60 − 20) = 12741100W → 𝐦̇𝐡 = 𝟓. 𝟔𝟔 𝒌𝒈/𝒔 

𝐴 = 𝑁 × 𝜋 × Do × 𝐿 

q = UAFG∆TL
̅̅ ̅ → 12741100W = 1583.3 × 100 × 𝜋 × 19.05 × 10−3 × 𝐿 × 62.27 → 𝐿 = 21.6 𝑚 

 


