Heat Exchangers , counter flow
Objective:-
     To study the performance of a heat exchanger with counter flow and liquid to liquid heat transfer.
Theory:- 

         The process of exchanging heat between two different fluids is one of the most important and frequently encountered processes found in engineering practice. The devices used to exchange heat between two fluids are generally termed as HEAT EXCHANGERS.

   Ordinary heat exchangers may be divided into two general classes: cross flow and unidirectional heat exchangers. The unidirectional can be further classified into parallel flow and counter for heat exchangers. This experiment will treat the unidirectional heat exchangers only.
   The heat exchangers consist of the following:

1) Shell and tube cross baffled exchanger for water to water experiments. In this exchanger, the tubes consist of five parallel fixed brass tubes, encased by a brass shell containing cross baffles, equally spaced along the length of the exchanger. The whole unit is contained in an outer casing, and-the space between the shell and casing is filled with "Stillite" insulating material. Dimensions and other details are given on the exchangers and the accompanying drawings. Thermometer pockets and pressure tapping points are provided at the inlet and outlet ends of both the shell and tube circuits.

2) Concentric pipe exchanger for water to water experiments. This exchanger is similar in construction to the one above, except that the tube consists of a single brass pipe.
Apparatus used : -

The bench; the hot water unit comprises a 156 liter, insulated tank fitted with three 3 kW electric immersion heaters. The hot water supply temperature is selected and controlled by a manually operated thermostat, while a fixed thermostatic safety control ensures that the temperature cannot exceed 80 oC.
Chilled water is produced in a 93 liters, insulated tank containing a cooling coil on which an “ice bank” can be formed. Refrigeration is obtained from a hermetically sealed condensing unit which a capacity of up to 5kW. the refrigerant employed being Freon 22.

Two motor driven pumps circulate up to 50 liters/minute of hot and chilled water respectively through Series 1000 Rotameters to the self - sealing sockets supplying. the experiments. A direct tank return valve in the hot water circuit returns the surplus flow from the pump directly to the tank thus ensuring turbulence and promoting uniform water temperature.

The instrumentation includes a differential pressure gauge. There are six temperature measuring pockets incorporated in each of the exchangers detailed later. Plug-in hoses are provided to connect the experiment and the differential water pressure gauge.

Preparation for the test :-

It is recommended that the bench is prepared for the test about two hours before an experiment is due to begin.
1. Cold Side: Check that the tank contains sufficient liquid before switching on the refrigeration unit. It will take approximately two hours to form an ice-bank from room temperature, and when this is achieved, the fridge will automatically switch off. An observation hole in the lid of the tank enables an observer to see the ice bank. During these two hours the cold water pump should remain off, so that no water is circulated.
2. Hot Side: Check that the tank contains sufficient liquid. Using the thermostat, select the required hot water temperature, but do not exceed 70 °C. Above this temperature, the fixed safety thermostat will over (ride the manual thermostat). Fully open the direct tank return valve and directly connect the supply and return sides of the hot water circuit with one of the rubber tubes supplied. Do not cross-connect the hot and cold water circuits.
Switch on the hot water pump and use the flow control valve to the front of and beneath the bench top to regulate a nominal flow. Switch on the immersion heaters, allowing approximately 30 minutes to heat water from room temperature to a maximum of 70 °C on the 9 kW setting. When the water has reached the selected temperature, the power will automatically switch off and then regulate about the chosen setting.
3. Heat Exchanger: Place the selected exchanger on the bench top and connect the
4 flexible hoses to the exchanger on the exchanger. Do not plug the couplings into the sockets on the bench. If required, connect the differential pressure gauge to any pair of tapping on the exchanger, using the plastic hoses with plug-in connectors.
Procedure:-

1. First, switch off the hot water pump and connect the flexible hoses into the sockets on the bench, ensuring that the desired directions of flow through the exchangers are selected. 
2. Regulate the flow control valves until they are just partly open. 
3. Now start both the hot and cold water pumps simultaneously and note the time. Purge the system of all air. Use the flow control valves to regulate the flow through each circuit - if the hot water flow control valve is fully open and the desired flow has not been achieved, partly close the direct tank return valve to attain the required flow.
4. When the test is complete, switch off the pumps, the immersion heaters, and the refrigeration unit. Disconnect the flexible hoses at the bench and the pressure sensing tubes. Isolate the electrical supply to the bench.
Calculations:-
In a shell and tube heat exchanger, the relative variation of the two fluid temperatures through the heat exchanger is influenced by whether is greater or less than 
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. This is shown in the figures below.
The heat flow rate (q) transferred between the two fluids is given by:
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Where:
U: Overall heat transfer coefficient.
A: heat - transfer - surface area
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The heat flow rate can also be measured by:-
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The heat transfer area of:-
Multi tube heat exchanger =
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Single tube heat exchanger = 
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Data collected:-
	Heat Exchanger:
	Multi-Tube

	Flow Arrangement:
	Counter Flow

	Immersion Heater Setting:
	9 kW

	Tube Inner Diameter:
	0.795 inch

	Number of Tubes:
	5

	Hot Thermostat Setting
	50 oC


	Hot Side

	Test no.
	Flow Rate
	T1 (in)
	T2 (out)
	(T

	
	L/min.
	oC
	oC
	oC

	1
	5
	59.5
	47.0
	12.5

	2
	10
	59.5
	51.0
	8.5

	3
	15
	59.0
	53.0
	6.0

	4
	20
	59.0
	54.0
	5.0


	Cold Side

	Test no.
	Flow Rate
	T3 (in)
	T4 (out)
	(T

	
	L/min.
	oC
	oC
	oC

	1
	10
	10
	16
	6.0

	2
	10
	12.0
	19.5
	7.5

	3
	10
	14.5
	23.0
	8.5

	4
	10
	18.0
	27.0
	9.0


Results:-
	Test no.
	Mass Flow Rate in hot side

kg/s
	Heat flow rate

(q)

kW
	Log-mean temperature difference

(
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oC
	Over all heat transfer coefficient (U)

W/m2.K
	Velocity in tubes (V/tube)

m/s

	1
	0.083
	4.357
	40.1624
	524.1
	0.052

	2
	0.167
	5.926
	39.498
	724.8
	0.104

	3
	0.250
	6.275
	37.236
	814.1
	0.156

	4
	0.333
	6.972
	33.961
	991.8
	0.195


Here we include a sample of calculations used in the above table.

For the first test:-
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The figure above shows the relation between the mass flow rate and the rate of heat transfer.

Discussion and Conclusions:-
· It can be seen from the results we had that the heat transfer coefficient increases as we increase the mass flow rate of the hot input.

· The log-mean-temperature-difference decreases as the mass flow rate of hot input increases.

Error Sources:-

· Error in estimating the mass flow rate because the rotameter curve was not given.
· Error in temperature due to the use of non-digital thermometer.

· Error due to not reaching the steady state.
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