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ABSTRACT:

The objective of this laboratory was to understand and analyze the heat transfer process in heat exchangers. Heat exchangers are devices, which are currently used in a wide range of industries. Heat exchangers are commonly used in aircraft engines as well as in vapor power plants. There are different types of heat exchangers which can be used depending on the application. Shell and Tube Heat Exchanger, Plate Heat exchanger, Regenerative Heat Exchanger, Adiabatic Wheel Heat Exchanger & Plate Fin Heat Exchangers are being commonly used at present [2]. In this laboratory we analyzed the Shell & Tube Heat Exchanger.  In order to maintain the temperature of the turbine blades below the meteorological temperature limit, bleed air and water is being used as the coolant fluid to maximize life time and to reduce risk of the critical components of the engine. Also in a car a radiator is a heat exchanger where the working fluid is water or coolant liquid. This laboratory helps to understand the heat transfer from the hot source to the cold source and the thermal efficiency of that process. In this laboratory we varied few parameters in order to analyze the factors that determine the maximum efficiency of the heat exchange.  In the 1st attempt both the cold fluid and the hot fluid flow was parallel to each other. Afterwards the apparatus was manipulated so that both the fluids were moving against each other [1]. The experiment was accomplished and the results obtained were valid within experimental error.
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NOMENCLATURE [1]
Heat Transfer Area, m2
A
Heat Capacity, J/K
C
Specific Heat, J/(kg.K)
Cp
Mass Flow Rate, kg/s
m
Number of Transfer Units, -
NTU
Heat Transfer Rate, W
q
Temperature, K
T
Temperature Difference, K
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T 
Overall Heat Transfer Coefficient, W/(m2.K)
U

Subscript

1 
-  End 1 of the heat exchanger

2 
-  End 2 of the heat exchanger

c 
-  Cold

h 
-  Hot
I
 - Inlet

lm 
-  Log mean

max
 - Maximal

min 
-  Minimal

o
 - Outlet
1.0: INTRODUCTION:

The purpose of this laboratory was to understand the concept of heat transfer in Shell and Tube Heat Exchange device. This included the Shell & Tube Heat Exchanger. This laboratory was performed to understand the variation of thermal efficiencies when subjected to different  rates of flow and different directions of the flow. Overall Heat Transfer Coefficient, The Log mean Temperature Difference and the Effectiveness –NTU were very essential concepts in order to perform this experiment. General temperature profiles were obtained to analyze this process. In order to experimentally prove these concepts we used an apparatus in Figure 9: Photo Graph of the Apparatus (Appendix B: Tables and Graphs). First we obtained a variety of temperature values for the parallel flow configuration and then obtained the temperature values for the counter flow configuration. For each configuration we varied the flow rate of fluid through the shell & tube heat exchanger in order to determine the temperature profile [1]. 
2.0: THEORY:
We assume that the total mass flow in is equal to the total mass flow out and that there will be no heat dissipated to the ambient at all. In reality this is not perfectly true. There will be various physical effects affecting the experiment and which would change our values.
The Overall Heat Coefficient U is typically used to factor the Conduction & Contact Thermal Resistances. “A” is the surface area and 
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is the effective temperature difference between cold and hot fluids [1]. 
[image: image3.wmf]T

D

Changes and is not constant. It has a significant variation from the inlet to the outlet of the heat exchanger
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By applying the energy balance to the hot or cold fluid we can. Where subscripts h, c, I & o represents hot, cold inlet & outlet respectively [1]
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Log Mean Temperature Difference Method
Assuming that the inlet and the outlet temperatures of the heat exchanger are known, the heat flux from the hot fluid to the cold fluid can be calculated. Log mean temperature difference is the average temperature difference used for heat transfer calculation when the temperature is not a constant [1]. 
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Equation 3 can be further simplified.  Now we can obtain 
[image: image8.wmf]lm

T

D



[image: image9.wmf]÷

÷

ø

ö

ç

ç

è

æ

D

D

D

-

D

=

D

2

1

2

1

/

ln(

T

T

T

T

T

lm

(4)

The effectiveness – NTU method (Optional)
Instead of the LMTD method now be can apply the NTU method. The following equation can be used to determine the heat energy[1].
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The effectiveness is defined as the ratio of the actual to the maximum heat transfer [1].
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Now by conducting a dimensional analysis, we can obtain a dimensionless parameter names the number of transfer units [1]. 
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The overall heat transfer coefficient may be calculated from the fluid flows, wall thickness, wall conduction, & fouling factors of the heat transfer wall [1].
3.0: APPARATUS:
The apparatus used consisted of a heat pump, Heat transfer bench & a rotor meter. The Dimensions of the Shell and Tube Heat Exchanger is given in Figure 8: Dimensions: Multi & Single Shell & Tune Heat Exchanger (Curtsy of MAAE 3901 Lab Manual) [1] in the Appendix B. In Figure 7: The TD36 Heat Transfer Bench (Curtsy of MAAE 3901 Lab Manual) [1] & Figure 9: Photo Graph of the Apparatus shows the standard setup of the apparatus. 

4.0: EXPERIMENTAL PROCEDURE:
First the rotor meter was adjusted in order to gain a flow rate of 10L/m and then the hot fluid and the cold fluid was passed parallel to each other. Then a number of temperature values were obtained and the experiment was done for flow rates of 20L/m and 30L/m respectively.  Now the parallel flow was configured as a counter flow and the experiment was repeated. The experiment was performed according to the procedures given in the MAAE 3901 lab manual and there were no significant changes done to the given procedure.

5.0: RESULTS:

The results requested were obtained. The sample calculations have been performed. Please see Appendix A: Sample Calculations.

The general temperature profiles for all configurations were plotted by using the Matlab software. Please see Appendix B: Tables and Figures. Inlets, outlets and the direction of the fluid are as being shown in the graphs.  The Logarithmic Mean Temperature differences (LMTD) for both the configurations were calculated by using equation (1 to 4) in the theory. The values obtained are listed in Table 01: The Logarithmic Mean Temperature for Each Flow, in Appendix B: Tables and Figures. The Overall Heat Transfer Coefficients were obtained and is being listed in Table 2: Results Obtained for Parallel & Counter Flows. Linear interpolation was used in the calculation process.  The Graph supplied in the MAAE 3901 Lab manual was used to determine the flow rate.
Reduction of hot fluid temperature & increase of cold fluid temperature & the thermal efficiencies were calculated by using the equations suggested in the MAAE 3901 lab manual. The results are shown in Appendix B: Figures &Tables for more information. The results showed that the parallel flow configuration had a higher efficiency than the counter flow configuration when the flow rate was at 10L/m.

6.0DISCUSSION:
The experiment was successfully accomplished. There were no significant variations added to the procedure and the results obtained were within experimental error. 
There were no significant errors present; however the heat loss in the heat exchanger, pipes and other fittings affected the final results &calculations.
A general temperature profile for the parallel flow and counter flow was plotted using Matlab (Please see APPENDIX B: Figures & Tables).  This also indicated the inlets and outlets of the heat exchanger. 

The logarithmic mean temperatures were obtained using the equations (1-4) in the theory suggested. The sample calculations are shown in the Appendix A: Sample Calculations .
The results obtained are shown in Table 1: The Logarithmic Mean Temperature for Each Flow, Table 02: Results Obtained for Parallel & Counter Flows , Table 03: Temperature Differences between Inlets & Outlets & Table 04: Calculated Values for Thermal Efficiency for Each Flow Rate  in Appendix B: Figures and Tables. 

The overall heat transfer coefficients for both parallel and counter flow were calculated and the sample calculations are shown in APPENDIX A: Sample Calculations. Linear interpolation was performed in order to obtain an approximate density for the fluid using Figure 11: PROPERTIES OF 20% THERMOCAL C FLUID (Curtsy MAAE 3901 Lab Manual) [1]
Then the Flow rate was obtained using Figure 10: FLOW METER CALIBRATION (Curtsy of MAAE 3901 Lab Manual) [1]

The Reduction of hot fluid temperature and increase of cold fluid temperature for each flow rate was calculated and is shown in the Sample Calculations (Appendix A). 

Finally the Overall efficiencies were compared. The highest efficiency is obtained when the flow rate was 10L/m and was on parallel configuration. Also the lowest efficiency was obtained when the flow rate was approximately at 30L/m and having a counter flow configuration. 
7.0: CONCLUSION:

The Laboratory G: Heat Exchanger was performed successfully and the results obtained were within experimental error.  The main sources of errors were heat transfer to the ambient because, the ambient was at a low temperature compared to the heat exchanger. The General Temperature Profiles were plotted and the calculations were done accordingly. 

The highest efficiency was obtained when the flow rate was at its minimum rate and having a parallel flow configuration. Also the lowest efficiency was obtained when the flow rate was at its maximum and having a counter flow configuration. Hence we can conclude that in order to obtain a higher efficiency in a Shell & Tube Heat Exchanger, the mass flow rate through the exchanger should be low as possible and should be parallel to the working fluid.
8.0: RECOMMENDATIONS
· Replacing the analog flow meter gauges with sensitive digital meters, would give more accurate results and reduce human errors occurring.
-
Replace the high thermal conductive steel washers & the flanges with a very low thermal conductive material (ceramics) would reduce the amount of heat transferred to the ambient. 
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10.0 APPENDIX A: SAMPLE CALCULATIONS 
Log Mean Temperature Difference Method:
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For Parallel Flow 10L/m

[image: image22.png]ATy = ATny — ATy




[image: image23.png]ATy = ATy — AT




[image: image24.png]AT, = 467329




[image: image26.png]AT, = 4383



0C 

For Counter Flow 10L/m
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For Parallel Flow 10L/m
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For Counter Flow 10L/m
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For Parallel Flow 10L/m
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For Counter Flow 10L/m
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Overall Heat Transfer Coefficient:
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The Volume Flow Rate
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Mass Flow Rate
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Using APPENDIX B [1] (Curtsy MAAE 3901 Lab Manual)
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fluid= m/v
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L= 0.16335L/s * 1015.32 kg/m3
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For Cph we use interpolation
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Therefore the overall heat transfer coefficient 
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Differences of reduction of hot fluid & cold fluid temperature



(For 10L/m Parallel Flow)


[image: image102.png]AT



h = 46.7 - 43.37 = 3.330 C


[image: image104.png]AT



c = 2.9 – 7.37 = -4.47 0 C


The Thermal efficiencies for the flows
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For 10L/m Parallel Flow
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TH = 46.70C
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For 10L/m counter Flow


Tc= 10.830C
TH = 35.470C


[image: image122.png]


max= [image: image124.png]


c/TH

[image: image126.png]


max= [image: image128.png]1—10.83



/35.47


[image: image130.png]


max= [image: image132.png]69.5%




11.0 APPENDIX B: FIGURES & TABLES 

Table 01: The Logarithmic Mean Temperature for Each Flow 
	Type of Flow
	Flow Rate (L/m)
	Logarithmic Mean Temperature

 (C 0)

	Parallel Flow
	10
	39.77

	
	20
	35.27

	
	30
	29.29

	
	
	

	Counter Flow
	10
	28.05

	
	20
	27.25

	
	30
	25.87

	
	
	


Table 02: Results Obtained for Parallel & Counter Flows

	Type of Flow
	Flow rate (L/m)
	Rotameter Reading (cm)
	Corrected Volume Flow (L/s)
	Hot inlet Temperature (C 0)
	Density

(kg/m3)
	Specific Heat (J/ kg . K)
	Overall Heat Transfer Coefficient (W/m2 K)

	Parallel
	10
	4.07
	0.163
	46.70
	1015.32
	4060.88
	692.88

	
	20
	11.03
	0.341
	44.13
	1016.35
	4044.43
	1233.9

	
	30
	17.33
	0.509
	39.93
	1018.03
	4017.89
	1744.18

	
	
	
	
	
	
	
	

	Counter
	10
	4.33
	0.167
	38.90
	1018.44
	4011.18
	1027.74

	
	20
	11.17
	0.343
	38.37
	1018.65
	4007.89
	1766.81

	
	30
	17.13
	0.503
	39.07
	1018.37
	4012.23
	2731.30


 Table 03: Temperature Differences between Inlets & Outlets
	Type of Flow
	Flow Rate (L/s)
	Thi

(C 0)
	Tho

(C 0)
	Tci
(C 0)
	Tco
(C 0)
	
[image: image133.wmf]D

TH
(C 0)
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TC
(C 0)

	Parallel
	10
	46.7
	43.37
	2.90
	7.37
	3.33
	-4.47

	
	20
	44.13
	41.60
	5.80
	9.23
	2.53
	-3.43

	
	30
	39.93
	37.93
	9.63
	9.63
	2
	0

	
	
	
	
	
	
	
	

	Counter
	10
	38.90
	35.47
	7.43
	10.83
	3.43
	-3.40

	
	20
	38.37
	35.57
	8.33
	11.10
	2.8
	-2.77

	
	30
	39.07
	36.27
	10.63
	12.97
	2.8
	-2.34

	
	
	
	
	
	
	
	


Table 04: Calculated Values for Thermal Efficiency for Each Flow Rate

	Type of Flow
	Flow Rate

(L/m)
	TC
(C 0)
	TH
(C0)
	[image: image136.png]


max

(%)

	Parallel
	10
	7.37
	46.70
	84.0

	
	20
	9.23
	44.13
	79.0

	
	30
	9.63
	39.93
	75.9

	
	
	
	
	

	Counter
	10
	10.83
	35.47
	69.5

	
	20
	11.10
	35.57
	68.8

	
	30
	12.97
	36.22
	64.2
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Figure 1: General Temperature Profile for 10L/m Parallel Flow
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Figure 2: General Temperature Profile for 20L/m Parallel Flow
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Figure 3: General Temperature Profile for 30L/m Parallel Flow
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Figure 4: General Temperature Profile for 10L/m Counter Flow
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Figure 5: General Temperature Profile for 20L/m Counter Flow
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Figure 6: General Temperature Profile for 30L/m Counter Flow
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Figure 7: The TD36 Heat Transfer Bench (Curtsy of MAAE 3901 Lab Manual) [1]
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Figure 8: Dimensions: Multi & Single Shell & Tune Heat Exchangers [1]
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Figure 9: Photo Graph of the Apparatus
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Figure 10: FLOW METER CALIBRATION (Curtsy of MAAE 3901 Lab Manual) [1]
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Figure 11: PROPERTIES OF 20% THERMOCAL C FLUID [1]
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Figure 12: Data Sheet
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