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Reynolds number was calculated for flow in shell and tubes at different location to study the type of flow. Turbulent flow in tube side is observed for all flow conditions, while the shell side has laminar flow except for extreme hot water temperatures. Suitable turbulent models was  selected  for  different  flow  condition,  Hence transition k-kl-omega model was used to predict the flow better for transition cases and Realizable k-epsilon model with non-equilibrium wall function was used for turbulent cases.    From  252  cases  of  experiment  27  cases  were selected for analyses which are average and extreme conditions.

	Table 3:Analysis Matrix

	Cold Flow (LPM)
	1
	3
	5

	Hot Flow (LPM)
	2
	3
	4.5

	Temperature (T1)
	40
	50
	60


Material properties like acrylic (Poly methyl methacrylate) and stainless steel were assigned for solids and water for hot and cold fluids. Simulation was carried out  till the solution gets converged.   Results of the experiment and analysis were compared and an appropriate simulation procedure was developed.

The  HT30XC is  a  service  unit,  which  provides controlled cold water flow, bi-directional hot water flow and the instrumentation required to do a series of in-depth investigations into heat exchanger performance. The individual heat exchangers can be quickly changed over, to enable comparisons between different types of heat exchanger  to  be  made.  The  HT30XC  requires  a  user supplied personal computer for the operator interface. The computer  connects  the  HT30XC using  a  USB  interface, providing  a  simple  and  straightforward  installation  and setup procedure. Once the appropriate heat exchanger has been installed and set up, all other functions can be performed under computer control. Appropriate measures have been implemented so  that in  the  case of computer failure  or  communications  breakdown,  the  system  shuts itself down in a safe manner.
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Fig. 2: Heat Transfer Service Unit-HT30XC

3.5 Post processing
Temperature and velocity profiles are examined in detail and observed that the flow remains almost uniform to the tubes thus limiting heat transfer.
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Fig.7: Pathlines Colored by Velocity Magnitude - Shell Side
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Fig.8: Pathlines Coloured by Velocity Magnitude -Tube Side

Approximately 2/3rd  of the shell side flow does not surround  the  tubes  due  to  biased  flow  contributing  to reduced overall heat transfer. More pressure loss was observed in the shell side due to the flow experiencing 90 degree bend in the baffle locations.
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Fig.9: Velocity Vector Location


Velocity Magnitude (m/s)
 Fig. 10: Velocity Vector for Baseline model in Cold Flow Path

Comparison was made with the results of baseline model. It has been observed that the pressure drop value has reduced up to 10% from the baseline model with same heat transfer rate. There is no appreciable change in heat transfer, this could be due to the space between two baffles were less and the flow could not surround the tubes.

	Table 4 : Design Optimization
Total Pressure Drop in Shell side Flow

	Model
	Total Pressure Drop (Pa)
	Reduction in Pressure drop compared to Baseline (%)

	Baseline
	13211
	-

	60o Rotation
	12194
	8

	120o Rotation
	11876
	10

	240o Rotation
	12127
	8

	300o Rotation
	12164
	8


The velocity vectors at a plane normal to the flow of cold water (in shell side) are shown below, which depicts how the flow circulates inside the shell between two baffles. Among all the models 120o rotation has least pressure drop with same hear transfer rate.
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Fig.13: Velocity Vector for 60o and 120 o Baffle Rotation

Fig.14: Velocity Vector for 240o and 300 o Baffle Rotation
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