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	3. 1
1. Purpose of  the Experiment
To calculate the overall heat transfer coefficient (U) in Parallel (Uniflow).
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2. Theory/Introduction
Shell and  tube heat exchangers are, simply put, a device that puts two working
fluids in thermal contact using tubes housed within an outer cylindrical shell. These
two integral pathways are usually built out of thermally conductive metals that allow
easy heat transfer (steel, aluminum alloys, etc.). The tubes carry a fluid from their
inlet to their outlet (the “tube-side” flow), while the shell passes a separate fluid over
these tubes (the “shell-side” flow).
Figure (1) – Shell and Tube Heat Exchanger
The number of tubes, known as the tube bundle will dictate how much surface
area is exposed to the shell-side flow, and therefore determines how much heat is
transferred. These devices are among the most effective means of exchanging heat,
as they are easily built, maintained, are compact, and provide excellent heat transfer.
They are widely distributed in industry, being useful for condensers, turbine coolers,
evaporators, feed water preheating, and much more.
How do shell and tube heat exchangers work?
The shell and tube heat exchanger has very simple and easy to work. In the
working of this heat exchanger, one fluid moves in the tube while the other fluid
moves inside the shell. During the flow of these fluids, they exchange heat with
each other. This means that a hot fluid transfers its heat to the cold fluid.
Therefore, cold fluid enters through the inlet nozzle of the shell (or channel side or
tube side) and discharges as a hot fluid through the outlet nozzle. Due to this heat
transaction process, the temperature of the other fluid (i.e., hot fluid) will be lower
at the outlet than at the inlet.
 


	5. 3
Figure (2) –  Working of Shell and Tube Heat Exchanger
The heat transfer of the tube heat exchanger determines through the exposed
surface, which is determined by the number of thermally conductive metal tubes.
The fluid flows in this heat exchanger may have crossflow or parallel flow.
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3. Tools and  Apparatus
Service Unit, Control Unit and their parts
1. Main Switch: it is main switch button, used to power on control box.
2. Heater temperature controller: used to control the temperature that record by thermostat of
heater.
3. Heater on/off: it the switch button used to switch heater between on or off.
4. Warning: Used to know that if water level was low.
5. Feeding Valve: it used to up the flowrate of the fluid inside the hose (stream).
TEMP 4, 5 and 6 Display respectively
1 2
4
1
3
5
6
8
11
9
10
7
13
12
14
15
17
16
21
20
19
18
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6. Pump Button:  used to switch on/off the pumps.
7. Stirrer button: it used to switch the stirrer in the water bath on or off.
8. Temperature Displays: these screens use to display the temperatrue of inlet, outlet and
middle temperatrue.
9. Flowrate display: it shows flowrate of water.
10. Flowrate controllers: they use to control, up or down the flowrate of hot/cold water.
11. Temperature Display Selector (Change-over): used to change the temperature from
screens between the hot and cold water.
12. Water bath: it is the tank of water that used to heat up the water by heater.
13. Heater: used top heat the water inside the water bath.
14. Heater Controller: it controls the heater.
15. Temperature Sensor: to record the temperature.
16. Outlet for hot and cold water.
17. Inlet for hot and cold water.
18. Shell and tubes: we usually use shell for cold one, and shell for hot one.
19. Baffles: The baffles install within the shells and tubes to maximize the turbulence of the
fluid in the shell and tube side.
20. Inlet/Outlet of Cold Water.
21. Inlet/Outlet of Hot Water.
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4. Procedure
First of  all, we need to clean the heat exchanger so as to remove all impurities.
Experiment Procedure Steps:
1. Take the water from the source (usually tank) and Check level of the water
in tank.
2. Switch on main switch.
3. Set the hot-water temperature which we want at temperature controller
4. Switch on the heater from a room temperature.
5. while heating up start with bleeding procedure.
6. Set uniflow by connecting hoses with base apparatus. means hot water and
cold-water flow in same direction.
7. Set cold water flow rate and we increase it for 3 times (0.25, 0.5, 0.75 and 1
L/min) with flow control valve.
8. Set hot water flow rate as constant (0.5 L/min)
9. Switch on pump.
10. Allow water to run until we reach stable temperature.
11. Take temperature readings and enter them in the worksheet together with
the set flow rates for uniflow.
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5. Table of  Reading (Data Sheet)
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6. Calculation and  Results
Cold Water
Flowrate in
L/min
0.25 0.5 0.75 1
Temperature
(in) in o
C
14.6 14.3 14.1 13.8
Temperature
(out) in o
C
22.9 21.4 19.3 17.5
Hot Water
Flowrate in
L/min
0.5 0.5 0.5 0.5
Temperature
(in) in o
C
41.3 40.9 40.3 39.7
Temperature
(out) in o
C
35.6 34.1 32.8 31.9
Q = ṁ×Cp×∆𝐓lm
Q = amount of heat loss by hot water in (J).
ṁ = mass flow rate of hot water in
kg
s
Cp = heat capacity of water at T(avg) in (K)
∆T = for 𝐡𝐨𝐭 water (Tin − Tout) in kelvin unit
ρ = 1
g
cm3
= 1000
kg
m3
T1: hot, in
t2: cold, in
T2: hot, out
t1: cold, out
∆Tlm =
(T1 − t2) − (T2 − t1)
ln
(T1 − t2)
(T2 − t1)
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At V
̇ 1  = 0.25 L/min = 4.167 × 10-7 m3/s
Cp at 41.3 o
C = 4.174
Cp at 35.6 o
C = 4.174
Cp of hot water at (𝐕
̇ 𝟏 = 𝟎. 𝟐𝟓
𝐋
𝐦𝐢𝐧
) =
Cp41.3 + Cp35.6
2
=
4.174 + 4.174
2
= 4.174
kJ
kg. k
∆Tlm =
(41.3 − 14.6) − (35.6 − 22.9)
ln
(41.3 − 14.6)
(35.6 − 22.9)
∆Tlm = 18.84 o
C = 291.99 K
ρ =
m
v
ṁ = ρ × V
̇ = (For hot water)
ṁ = 1000 kg/m3
× 4.167 × 10-7
m3
/s = 0.0004167 kg/s
q = 0.0004167 × 4.174[(314.45) − (308.75)] = 0.00991 kW = 9.91 W
q = U×A×∆Tlm
U =
q
A × ∆T𝑙𝑚
=
9.91
0.02 × 291.99
= 1.696
w
m2. k
At V
̇ 2 = 0.5 L/min = 8.33 × 10-6 m3/s
Cp at 40.9 o
C = 4.174
Cp at 34.1 o
C = 4.174
Cp of hot water at (𝐕̇ 𝟐 = 𝟎. 𝟓
𝐋
𝐦𝐢𝐧
) =
Cp40.9 + Cp34.1
2
=
4.174 + 4.174
2
= 4.174
kJ
kg. k
∆Tlm =
(40.9 − 14.3) − (34.1 − 21.4)
ln
(40.9 − 14.3)
(34.1 − 21.4)
∆Tlm = 18.80 o
C = 291.95 K
ṁ = 1000 kg/m3
× 8.33 × 10-6
m3
/s = 0.00833 kg/s
q = 0.00833 × 4.174[(314.45) − (308.75)] = 0.236 kW = 236.43 W
U =
236.43
0.02 × 291.95
= 40.491
w
m2. k
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At V
̇ 3  = 0.75 L/min = 1.25 × 10-5 m3/s
Cp at 40.3 o
C = 4.174
Cp at 32.8 o
C = 4.174
Cp of hot water at (𝐕𝟑 = 𝟎. 𝟕𝟓
𝐋
𝐦𝐢𝐧
) =
Cp41.3 + Cp35.6
2
=
4.174 + 4.174
2
= 4.174
kJ
kg. k
∆Tlm =
(40.3 − 14.1) − (32.8 − 19.3)
ln
(40.3 − 14.1)
(32.8 − 19.3)
∆Tlm = 19.15 o
C = 292.3 K
ṁ = 1000 kg/m3
× 1.25 × 10-5
m3
/s = 0.0125 kg/s
q = 0.0125 × 4.174[(314.45) − (308.75)] = 0.391 kW = 391 W
U =
391
0.02 × 292.3
= 66.88
w
m2. k
At V
̇ 4 = 1 L/min = 1.67 × 10-5 m3/s
Cp at 39.7 o
C = 4.174
Cp at 31.9 o
C = 4.174288
Cp of hot water at (𝐕
̇ 𝟒 = 𝟏
𝐋
𝐦𝐢𝐧
) =
Cp39.7 + Cp31.9
2
=
4.174 + 4.174288
2
= 4.174144
kJ
kg. k
∆Tlm =
(39.7 − 13.8) − (31.9 − 17.5)
ln
(39.7 − 13.8)
(31.9 − 17.5)
∆Tlm= 19.6 o
C = 292.75 K
ṁ = 1000 kg/m3
× 1.67 × 10-5
m3
/s = 0.0167 kg/s
q = 0.0167 × 4.174144[(314.45) − (308.75)] = 0.539 kW = 539 W
U =
539
0.02 × 292.75
= 92.05
w
m2. k
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