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INTRODUCTION 

OBJECTIVE OF THE STUDY 

To carry out experimental investigation to study the flow boiling heat transfer over plain 

and coated circular and elliptical tube bundles under different heat flux, mass flux and 

pitch to diameter ratio. 

To carry out experimental investigation to study the pressure drop cross the plain and 

coated circular and elliptical tube bundles under different heat flux, mass flux and pitch 

to diameter ratio. 

To study the effect of position of the coated tubes in the tube bundle on flow boiling heat 

transfer under varying uniform heat flux and mass flux and pitch to diameter ratio. 

To obtain a criterion for the flow boiling heat transfer enhancement based on heat flux, 

mass flux and pitch to diameter ratio. 

To develop a numerical model to simulate boiling heat transfer phenomenon over tube 

bundle. 

DEVELOPED EXPERIMENTAL SET-UP 

1.Differential Pressure Transmitter 2. Test-vessel 3. Tube Bundle 

4. Auxiliary Heater 5. Port for Thermocouple 6. Condenser   

7. Metal Tube Rotameter 8. Pump 9. Drain Ports 10. Reservoir  

11. Pressure Gauge 

Boiling phenomena has wide field of applications because of high heat 

transfer coefficient associated. 
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RESULTS-EXPERIMENTAL 
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HEATING TUBES 

Growth of single vapour bubble for superheat  

∆𝑇𝑠
∗=0.20 at time (a) 𝑡∗=2000, (b) 𝑡∗=20000,   

(c) 𝑡∗=40000, and (d) 𝑡∗=50000. 

Variation of equivalent radius 

(R*) with time (𝑡∗) for different 

superheat (∆𝑇𝑠
∗ ) values. 

Variation of vapour volume (V*) 

 with time (𝑡∗). 

Number of nuclei vs  

superheat. 

Variation of average equivalent 

radius (R*) with time (𝑡∗) and 

superheat (∆𝑇𝑠
∗). 

The evolution of multiple vapour bubbles at  

time 𝑡∗=40000  with four different superheat 

values (a) ∆𝑇𝑠
∗=0.2, (b) ∆𝑇𝑠

∗= 0.25,  (c) ∆𝑇𝑠
∗=0.30, 

and (d) ∆𝑇𝑠
∗=0.35. 

The instrumented and non-instrumented circular tube manufactured. The instrumented and non-instrumented elliptical tube manufactured. 

Teflon assembly in the test-vessel. Row distribution of the  

tube bundle 

Source: www.gns.cri.nz 

Shell and Tube Heat Exchanger 
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NUMERICAL MODEL 

Continuity equation:  
𝜕ρ

𝜕t
+ 𝛻. (ρV) = 0 

Momentum equation: 
𝜕(ρV)

𝜕t
+ 𝛻. ρVV = 𝛻. μ𝛻V − 𝛻p + S 

Energy equation: 
𝜕(ρh)

𝜕t
+ 𝛻. (ρVh) = 𝛻. (k𝛻T) 

Enthalpy equation: h = c T − TSat − fL 

Interface Temperature: Ti= TSat +
γTSat

L
κ 

VOF Equation: 
𝜕fv

𝜕t
+ V. 𝛻fv = 0 

Nucleation Model: 

Domain: Rectangular (2D) 

 The flow is laminar 
 The wall temperature remains constant 

 The liquid here is water at atmospheric pressure 

The SEM analysis of the copper powder, SS plain surface and coated surface. 

                                 (a)                                                                                       (b)                                                                                      (c) 

 

 

 

 

 

 

 

(d)  

  

The Contact angle of the coated surface. 

The heater and 

thermocouple assembly.   
The sight window for axial view of  

tube bundle. 

                  Experimental Set-up Validation 

 

 

  

 Effect of  P/D Ratio 

 
Comparison between circular and 
elliptical tube bundle 

              Effect of Heat Flux 

 
              Effect of Mass Flux 

 

Total node=32435 

Total elements=29432 

Max element size=0.0015 

Meshing for inline circular tube bundle with P/D = 1.2, d=20mm. 

Boundary conditions:  

Inlet boundary: V=Vin=0.1m/s and Tin=373.15 K 

Pressure outlet: Pout=Patm 

Right and left side walls: No slip walls, Vwall=0 and q” =0 

Tube walls = No slip walls, q” = (30, 50, 60, 70, 80) kW/m2 

𝐧 ∆𝐓𝐬 =
𝐍𝐦𝐚𝐱
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RESULTS-NUMERICAL 

Variation of HTC with change in Heat Flux. 

Variation of Vapor fraction along the height of the tube bundle. 

The robotic arm mounted with the spray gun. The circular and elliptical tube set obtained after copper coating. 

  

     (a)                                                                                     (b)  

CONCLUSIONS 
1. The experimental set-up has been developed, for conducting exhaustive experiments of flow boiling over tube bundle. 

2. The heating tubes i.e. circular and novel elliptical tubes are designed after checking manufacturing feasibility and accurate measurement of temperature 

measurement. Initial Experiments of flow boiling over circular and elliptical tube bundle have been investigated. The major parameters considered for the 

analysis are heat flux, mass flux, and P/D ratio.  

3. Further investigation is to be carried out to check the effect of remaining P/D ratio of elliptical tube bundle on the HTC, compared with the circular tube 

bundle. 

4. The enhanced tube surface has been prepared i.e. by flame spraying of spherical copper powder. The enhanced surfaces have been prepared and further 

experimental investigation will be carried out.  

5. The developed numerical model will be employed for studying different parameter affecting the thermo-hydraulic behaviour . 


