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7. Heat transfer to fluids by forced convection in laminar and turbulent flows 

 Example:                

 

 

 

 

 

 

 

 

 

Table 10: Steel pipe dimensions 

2 in sch 40  Dii=2.067 in=52.5x10-3 m        Dio==2.375 in=60.32x10-3 m         

Tcb=54.4oC 

∆T1 

∆T2 

Tha =115.5oC Thb =115.5oC 

Tca=21.1oC 

L 

T 



3 in sch 40  Doi=3.068 in=77.92x10-3 m         

De= Doi - Dio =(77.92-60.32)x10-3 m=17.6x10-3 m         
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Re>104  Turbulent  flow 

For turbulent  flow; since 150
D

L
 we ignore the effect of pipe length.  
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Viscosity value of B is small, so we ignored viscosity correction factor ( v ) 

For B; µ=0.51x 10-3 kg/(m.s) 

51006.1)75.375.115(

8.739
0603.0

052.0

2.11338

1
2.11338

1

1

1









 x

x

Tx

h
D

D

h

h
T

o

o

i

i

i
i  

For heating Tw=T+∆Ti 

∆Ti  is very low. So Tw=T and viscosity does’nt change. 

We neglect viscosity correction factor. 
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 Example : 

 

 

 q = m ̇ Cp (Tha − Thb) = hi Ai ∆Ti 

Thb must be assumed. 

1. assumption; Thb = 10 ℃ 

T̅ =
Tha + Thb

2
=

20 + 10

2
= 15 ℃  

Properties of engine oil at 15 ℃  

μ    = 1.5815 kg/ms 
ρ    = 890.825 kg/m3 
ρ20 𝑜𝐶 = 888.1 kg/m3 
Cp   = 1860 j/kg℃ 

k    = 0.1455 W/m℃ 
Pr  = 20217 
μw  = 3.814 kg/ms      (at  0℃) 
 

Re =
DV̅ρ

μ
=

0.3 m ×  2
𝑚
𝑠 × 890.825

1.5815
kg
ms

= 337.97 < 2100           𝐿𝑎𝑚𝑖𝑛𝑎𝑟 𝑓𝑙𝑜𝑤 

L

D
=

200

0.3
= 666.67 > 150         𝑓𝑢𝑙𝑙𝑦 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑 𝑓𝑙𝑜𝑤 

Nu = 2 Gz1/3 (
μ

μw
)

0.14

= 2 (
�̇� × 𝐶𝑝

𝑘 × 𝐿
)

1/3

(
μ

μw
)

0.14

 

Mass flow rate at the beginning of the pipeline. 

�̇� = 𝜌20 𝑜𝐶 × V × S = (888.1)
𝑘𝑔

m3
× (2)

𝑚

𝑠
× (

𝜋

4
0.32) 𝑚2 = 125.55 

𝑘𝑔

𝑠
 

Nu =
hD

𝑘
=

h × 0.3m

0.1455
W

m℃

= 2 (
125.55 

𝑘𝑔
𝑠 ×

1860 j
kg℃

0.1455
W

m℃ × 200𝑚
)

1
3

(
1.5815

kg
ms

3.814
kg
ms

)

0.14

= 35.40 

ℎ = 17.169
W

m2℃
  

m ̇ Cp (Tb − Ta) = hi π Di L (Tw − T̅) 

(125.55
kg

s
) (1860

j

kg℃
) (20 − 𝑇ℎ𝑏) = (17.169

W

m2℃
) π (0.3 m) (200 m) (

20℃ + Tb 

2
− 0℃) 



 

Thb = 19.72 ℃ ≠ 10℃ 

2. assumption; Thb = 19.72 ℃ 

T̅ =
Tha + Thb

2
=

20 + 19.72

2
= 19.86 ℃  

Properties of engine oil at 19.86 ℃  

μ    = 0.8374 kg/ms 
ρ    = 888.1 kg/m3 
Cp   = 1881 j/kg℃ 

k    = 0.1450 W/m℃ 
Pr  = 10863 
μw  = 3.814 kg/ms      (at  0℃) 
 

Re =
DV̅ρ

μ
=

0.3 m ×  2
𝑚
𝑠

× 888.1

0.8374
kg
ms

= 636.33 < 2100           𝐿𝑎𝑚𝑖𝑛𝑎𝑟 𝑓𝑙𝑜𝑤 

Nu = 2 Gz1/3 (
μ

μw
)

0.14

= 2 (
�̇� × 𝐶𝑝

𝑘 × 𝐿
)

1/3

(
μ

μw
)

0.14

 

Mass flow rate will not change. 

Nu =
hD

𝑘
=

h × 0.3m

0.1450
W

m℃

= 2 (
125.55 

𝑘𝑔
𝑠 ×

1881 j
kg℃

0.1450
W

m℃ × 200𝑚
)

1
3

(
0.8374

kg
ms

3.814
kg
ms

)

0.14

= 32.54 

ℎ = 15.72
W

m2℃
  

m ̇ Cp (Tb − Ta) = hi π Di L (Tw − T̅) 

(125.55
kg

s
) (1881

j

kg℃
) (20 − 𝑇ℎ𝑏) = (15.72

W

m2℃
) π (0.3 m) (200 m) (

20℃ + Tb 

2
− 0℃) 

 

Thb = 19.75 ℃ ≅ 19.72℃ 

 

Second Way: 

 

1. assumption Thb = 20 ℃ 

T̅ =
Tha + Thb

2
=

20 + 20

2
= 20 ℃  

Properties of engine oil at 20 ℃  

μ    = 0.8374 kg/ms 
ρ    = 888.1 kg/m3 
Cp   = 1881 j/kg℃ 

k    = 0.1450 W/m℃ 



Pr  = 10863 
μw  = 3.814 kg/ms      (at  0℃) 
 

Re =
DV̅ρ

μ
=

0.3 m ×  2
𝑚
𝑠

× 888.1

0.8374
kg
ms

= 636.33 < 2100           𝐿𝑎𝑚𝑖𝑛𝑎𝑟 𝑓𝑙𝑜𝑤 

L

D
=

200

0.3
= 666.67 > 150         𝑓𝑢𝑙𝑙𝑦 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑 𝑓𝑙𝑜𝑤 

Nu = 2 Gz1/3 (
μ

μw
)

0.14

= 2 (
�̇� × 𝐶𝑝

𝑘 × 𝐿
)

1/3

(
μ

μw
)

0.14

 

Mass flow rate at the beginning of the pipeline. 

ṁ = ρ20 oC ×  v × S =  (888.1)
kg

m3
× (2)

m

s
× (

π

4
0.32) m2 = 125.55 

kg

s
 

Nu = 2 Gz1/3 (
μ

μw
)

0.14

= 2 (
ṁ × Cp

k × L
)

1/3

(
μ

μw
)

0.14

 

Nu =
hD

k
=

h × 0.3m

0.1450
W

m℃

= 2 (
125.55 

kg
s

×
1881 j
kg℃

0.1450
W

m℃
× 200m

)

1
3

(
0.8374

kg
ms

3.814
kg
ms

)

0.14

= 32.54 

h = 15.72
W

m2℃
  

m ̇ Cp (Tb − Ta) = hi π Di L (Tw − T̅) 

(125.55
kg

s
) (1881

j

kg℃
) (20℃ − 𝑇ℎ𝑏) = (15.72

W

m2℃
) π (0.3 m) (200 m) (

20℃ + Tb 

2
− 0℃) 

 

Thb = 19.75 ℃ ≅ 20℃ 

b) 

q = m ̇ Cp (Tb − Ta) = (125.55
kg

s
) (1881

j

kg℃
) (20℃ − 19.75℃) = 59040W ≅ 59kW 

 

 

 

 

 

 

 

 


