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:
Measuring the temperature of a liquid or steam flowing 
inside




a pipe in a non-intensive way.
The rate of heat transfer per unit length of a tube from the fluid to the inner surface of the tube, from the inner surface of the tube to the outer surface of the tube, from the outer surface of the tube to the outer surface of the insulation remains same.

The heat transfer from fluid to the inside of tube takes place by forced convection.

Q 

=
hf Ati (Tf - Tti)





= 
hf x 2(Rti L x (Tf - Tti)

Q/L 

= 
2(Rti hf (Tf - Tti) 





----- (1)

Q 

= 
Rate of heat transfer (W/sec)

hf 

= 
Coefficient of heat transfer for fluid film (W/m2. (C) 

Ati 

= 
Surface area of tube inside = 2(Rti L 

Rti 

= 
Radius of the inner surface of the tube (m)

L

=
Small length of the tube where temperature is to be measured

TF 

= 
Bulk temperature of the fluid flowing in the tube ((C)

Tti 

= 
Temperature of the inner surface of the tube ((C)

The heat transfer from the inside surface of the tube to the outside surface of tube takes place by thermal conduction. 

Q 

= 
2 (kt L (Tti  - Tto) / ln(Rto/ Rti)

Q/L

=
2 (kt (Tti  - Tto) / ln(Rto/ Rti)




---- (2)


kt 

=
Thermal conductivity of the material of the tube (W/m.(C)

Rto 

=
Radius of the outer surface of the tube (m)

Rti

=
Radius of the inner surface of the tube (m)

Tto

=
Temperature of the outer surface of the tube. ((C)

The outer surface of the tube and inner surface of the insulation cover are in solid contact and the temperature of the two surfaces will be same. The heat transfer from the outer surface of the tube to the outer surface of insulation cover takes place by conduction.

Q/L

=
2 (kc (Tto  - Tco) / ln(Rco/ Rto)




---- (3)

kc

=
Thermal conductivity of insulation cover (W/m (C)

Tco

=
Temperature of the outer surface of the insulation cover. ((C)

Rco

=
Radius of the outer surface of the insulation cover. (m)

Equating (2) and (3) 

kt (Tti  - Tto) / ln(Rto/ Rti) = kc (Tto  - Tco) / ln(Rco/ Rto) 

Tti  

= 
(kc / kt ) (Tto  - Tco) ln(Rto/ Rti) / ln(Rco/ Rto) + Tto  

Equating (1) and (3)

2 Rti hf (Tf - Tti) = 2kc (Tto  - Tco) / ln(Rco/ Rto) 

Tf 
= (kc / Rtihf) (Tto  - Tco) / ln(Rco/ Rto) + Tti 
Tf 
= (kc / Rtihf) (Tto  - Tco) / ln(Rco/ Rto) + (kc / kt ) (Tto  - Tco) ln(Rto/ Rti) / ln(Rco/ Rto) + Tto 

= [ kc / Rtihf  + (kc / kt) ln(Rto/ Rti) ](Tto  - Tco) / ln(Rco/ Rto) + Tto  

All the parameters on the right side will be known or can be calculated by using standard formulae and standard values for different materials. 

Film heat transfer coefficient hf for the film can be calculated with the help of Nusselt Number as follows.

Nu 

= 
hf x di / kf  




(Nusselt number)



=    
4. 364 





(For fully laminar flow)
=    
0.023 x Re 0.8 x Pr 0.3 



(For fully Turbulent flow)

hf 

= 
kf  / di  x 4.364         



(For fully laminar flow)

                      
= 
kf  / di x  0.023 x Re 0.8 x Pr 0.3  

(For fully Turbulent flow)

Re

= 
ρV di / μ




(Reynolds number)

Pr

= 
μ Cp / kf 




(Prandtl number)

kf
 
= 
Thermal conductivity of fluid (W / m.oC)
ρ

= 
Density of fluid (kg / m3)

μ

= 
Viscosity of fluid (kg / m.s)

Cp

= 
Specific heat of fluid (kJ / kg. oC)

di 

= 
Diameter (2 Rti) (m)

V

= 
Velocity of fluid (m / sec) 

Temperatures on the outer surface of the tube and outer surface of the insulation cover can be measured by embedding two thermocouples.

The three radii, two for the tube and one for the insulation cover are known. 

All other above parameters are known standard properties of material.

Thus the temperature 

Tf 
= [ kc / Rtihf  + (kc / kt) ln(Rto/ Rti) ](Tto  - Tco) / ln(Rco/ Rto) + Tto 
for liquid or steam flowing in a pipe can be measured in non-intensive way.
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