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Abstract— The epileptic supply of power from the national grid
in Nigeria has made many industries to engage Internal
Combustion Engine generators as alternative to providing energy
required for production. The excessive use of these machines has
mostly altered their effective performance, thereby necessitating
more frequent maintenance or repair than recommended by the
manufacturers. Frequent break-downs of these machines reduce
rate of production of these industries and by extension, this
adversely affects the economy development of the country. A
known engineering enterprise in Kano; North West region of
Nigeria due to the same factor stated above, subjected her 30 kva
generator to run almost throughout the working hours of the
week. Initially, the generator run perfectly within the
manufacturer recommended 100 hours of operation before
conducting maintenance works. After sometime, due to excessive
use, the generator hardly met half the required service hours
before overheating and this resulted in frequent damage of the
gasket and repair of the valve outlets, consequently increased the
cost of maintenance. A Small Tube and Shell Heat Exchanger
with parallel/counter flow that would serve as an auxiliary
cooling system for the radiator was designed and developed.
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Significance— The work would enhance local production
and reduce down-time caused by frequent breakdown of
generators used as alternative source of energy during
manufacturing processes. In most instances, generators
are designed as backup power source, but the reality in
Nigeria and some other developing countries is that the
supply from the main public utility power source is
erratic. Hence, generators are usually run beyond the
recommended cycle of use and this increases the rate of
degradation significantly. This work would help manage a
common fall out of the extended use by incorporating an
additional cooling outlet to improve the efficiency of the
cooling process. It would also reduce the rate of
abandonment of domestic and industrial equipment due to

non availability of parts or increased in maintenance cost
by prolonging their service life.

I. INTRODUCTION

There are many applications where heat has to be transferred
from higher temperature fluid to lower temperature fluid. The
amount of heat transferred is a function of temperature
differences and resistance in the heat transfer. A Heat
Exchanger is a piece of equipment built for efficient heat
transfer from one medium to another. The media may be
separated by solid wall to prevent mixing or they may be in
direct contact. It has various applications such as refrigeration,
power plant, petroleum refineries, food processing plant, etc.
The equipment can be in-built into a system such as radiator
coils and air flows in automobile. There are different types of
Heat Exchanger such as Plate and Shell, Adiabatic Wheel,
Plate Fins, Tube and Shell, Spiral Heat Exchangers, etc.

There are primarily three classifications of Heat Exchanger;
Parallel Flow Heat Exchanger allows the two fluids to enter
the exchanger at the same end and travel in parallel to one
another to the other side. Counter Flow type allows the fluids
to enter the exchanger at the other side from opposite ends.
Reference [1] reveals that the Counter Flow is currently the
most efficient, because it can transfer the most heat from the
medium due to the fact that the average temperature
difference along any unit length is greater. Cross Flow Heat
Exchanger allows fluids travel roughly perpendicular to one
another through the exchanger.

For efficiency, Heat Exchangers are designed to maximize
the surface area of the wall between the two fluids, while
minimizing the resistance to fluid flow through the exchanger
as in [7]. The operation of a cooling system of an internal
combustion engine under an average working condition is
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optimized when the temperature of the cooling medium is at
the range of 30°C to 90°C as in [6].

The Small Tube and Shell Heat Exchanger prototype
developed is a Parallel/Counter Flow type to effectively
reduce the temperature of the hot steam coming out from the
engine from about 120°C to about 70°C before it enters into
the radiator and optimizes the cooling effect at the radiator
that enhances the performance of the generator and reduces
the time of carrying out maintenance/repair on the engine.

1. EQUIPMENT DESCRIPTION

The machine consists of a set of ten straight tubes arranged
successively at about angle of 30° and held rigidly together by
a set of five semi-circular baffles as shown in Fig 1. The tube
bundle is enclosed in a shell with four openings to allow the
inflow and outflow of the two media charged for the purpose
of transfer of heat in each other. Pipes are arranged in series to
channel the media into and out of the equipment.

Other gadgets for measurements of fluids’ temperatures,
pressures and flow directions like thermocouples, pressure
gauges and directional flow valves respectively are
incorporated. Pump and the tank/reservoir are mounted
adjacent to each other at the base. The total assembly is
supported on a main frame as shown in Fig 2. The steam fluid
charged is hot water which is flowing from the engine via a
pipe to the inner tubes of the Heat Exchanger. Heat is
transferred in the Heat Exchanger from the hot steam to the
cold water charged into the pipe connected to the shell
annulus of the Heat Exchanger. The cooled hot steam is
passed into the radiator where it is further cooled to required
temperature that will cool the engine.

Temperature Sensors provided took the inlet and outlet
temperatures of the hot steam and cooling agent (cold water).
Also Pressure Gauges were connected to both the inlet and
outlet of the hot steam to measure the pressure difference. A
Directional Flow Valve regulates the flow of the fluids in
required directions in the system.

When the steam and cold waters are admitted at the same
end, a parallel flow is ensured and when the two fluids are
admitted from opposite ends, counter flow is ensured. To
enhance the efficiency of the machine, baffles are
incorporated. Baffle directs the cold fluid across the outer
surface of tube bundle to ensure a required heat transfer at a
specific point, runs perpendicular to the shell to hold and
prevent tubes from sagging over a long length as well to
reduce effects of vibration of the tube. The cold water that

cooled the hot fluid is collected in an opened reservoir where
it is re-cooled by air and reintroduced back into the system for
another cycle of cooling.

I1. METHODOLOGY

The methodology that guided the project in the critical areas
of developing a Heat Exchanger is discussed hereunder.

A. Design Considerations

The Heat Exchanger prototype was designed by taken the
following considerations:

e  Thermal feature of the medium to cool is just around
120°C and this informed the adaption of a Small
Tube and Shell Heat Exchanger.

e The material selected for the tube bundle is copper
because it has good corrosion resistance, buckling
strength to withstand over pressure in the shell and
good thermal conductivity as in [5].

e Small internal diameter tube can actively transfer
heat in the media as in [8], therefore small internal
diameter tube is adapted and low fouling is suspected
because the media do not contain much precipitation.

e The tube layout is triangular (arrangement of about
angle of 30°) because fluid flow is in more turbulence
way in the pipe and greater heat could be transferred
asin [4].

e  The diameter and length of the tube adapted is 10mm
and 1.2m respectively in order to ensure more heat
transfer.

e Segmental semi-circular type of baffle is adapted for
the equipment as recommended for Tube and Shell
Heat Exchanger as in [3]

e The specific heat of fluid is 4.174Kj/Kg (water
medium), Mass flow rate is 0.0194Kg/s and
0.0263Kgf/s for hot steam and cold water respectively
asin [2].

e  The temperatures of the fluids charged into the Heat
Exchanger are 120°C and 30.5°C for hot steam and
cold water respectively (measured).

e The least efficiency adapted for the device is 75%

B. Design Analysis

1) Temperature of the Hot Steam leaving the Heat Exchanger
0y . Me cp (Thi=Tho) .
(CC): (=——— e (i)

M
hCp (Thi—Tei)

{ =Efficiency
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M. = Mass flow rate of cold water (Kg/s)
My, =Mass flow rate of hot steam (Kg/s)
C, = Specific heat of fluid (KJ/Kg°C)

Ty = Temperature of hot steam entering the heat exchanger
°c)
Th =Temperature of hot steam leaving the heat exchanger
°c)
T.; = Temperature of cold water entering the heat exchanger
°c)

0.0263 x4.174 x (120-Tp, )
0.0194 x 4.174 x (120-30.5)

0.75=

T = 70.5°C

2) Temperature of Cold water leaving the Heat Exchanger
(°C): Quv=M, C,(Ty,; — (ii)
Qn = Heat transfer rate of the hot steam (W)
Qn=10.0194 x 4.174 x (120 - 30.5)
=4.0083 KJ/hr
=4008.3W
Rate of heat loss = Rate of heat gain
Qe =M Cy(Tep = Tui) wovveveaeeiin,

Q. = Heat transfer rate of the cold water (W)

T, = Temperature of the cold water leaving the heat
exchanger (°C)

4.0083 = 0.0263 x 4.174 x (T, — 30.5)
T.,=67°C

3) Coefficient of Heat Transfer at Inner Tube (W/m?°C):

_ 89.5-3.5
AT ED

AT =26.53°C

A = Area of the inner tube (m?)
d; = Diameter of the inner tube (m)
L = Length of the tube (m)

Ai=mrx001x12

A;=0.0377m?
_ Qn .
U= AT s (vi)

U; = Coefficient of heat transfer at the inner tube (W/m? °C)

4.0083
U=
0.0377 x 26.53

U;= 4.00765KJ/m?°C
= 4007.65W/ m?°C

4) Thickness of the Material for the Tube (mm):

! t] AAT oo (W)
k

=N
Ui

o

t = Thickness of the material for the tube (mm)

k = Thermal conductivity of copper (398W/m °C)

4008.3 = [% x 0.0377 x 26.53

4007‘65+ 398

t =0.002m
=2mm

5) Total Coefficient of Heat Transfer in the Heat Exchanger:

- (W/m?OC): do =di + 1t (viii)
AT =00 i, (iv)
ln(Tnut) d, = Diameter of the outer tube (m)
AT = Log. Mean Temperature Difference (°C) d, =10 +2
Tin=Thi—Tei = 89-50 =12mm
Tout=Tho = Teo = 35° =0.012m
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A, = Total Surface Area of tube (m?)
d, = Diameter at outer surface of tube (m)

A,=mx0.012x1.2

A, = 0.0452 m?
b= ASZT ......................... (x)

U, = Coefficient of heat transfer outside tube (W/m?°C)

4008.3

© 7 0.0452 x26.53

U, = 3339.7 W/m?°C
U=U, + U;

U = Total coefficient of heat transfer in the heat exchanger
(W/m?2°C)

= 4007.65 + 3339.7
=7347.4 W/m?°C

6) Number of Inner and Outer Tubes Transfer Units:

NTU, = "C;: ............... (xi)
NTU; = Number of transfer unit at the inner tube
Crin = My, x C,,

=0.0194x4.174

=0.0809 Kw

=80.9W
Coax =M X Cpyoveoovi (xii)

=0.0263 x 4.174

=0.24m

=240mm

Based on this specification, 5 number of Baffle are
incorporated into the Heat Exchanger.

8) Shell Diameters: The diameter of the shell depends on the
tube pitch. The tube pitch is the centre-centre distance of

=0.10977Kw

=109.77W

C = Capacity ratio

_ 809
109.77

=0.7369

4007.65 x 0.0377
NTU(|) = —80.9
=1.866

Up+ Ao

NTU(O) =

Cmin
NTU() = Number of transfer unit at the outer tube

_ 3339.7x0.0452
80.9

=1.864

7) Spacing of Baffle: The spacing of the baffle depends on the
materials of the tube, inner diameter of the shell or minimum
of one fifth of the length of the tube as in [3]. The spacing of
the baffles adapted for this equipment is the latter factor.

Bs = Baffle spacing (m)
L = Length of tube (m)

Bs=§x1.2

adjoining tubes and 1.25 times tube outer diameter is
recommended by [4].

Tp=1.25Xdgeuncieneciiin. (xvi)
T, = Tube pitch (mm)

T,=1.25x 12
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=15mm =170mm
Based on this value, 10 number of tube was adapted. =0.17m
D, = (T, x n) + Clearance for the baffles............... (xvii) Thickness of about 2mm is assumed for the thickness of the

shell material which is galvanized mild steel plate.
D, = Internal diameter of the shell (m)

Do=170+2
n = No of tubes (10 adapted)
=172 mm
Clearance adapted for the baffle is 20mm
=0.172m

D, = (15 x 10) + 20

Fig 2: A picture of the small heat exchanger developed to aid the inbuilt cooling system of the overheating 30kva generator
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TABLE 1
PART DESCRIPTION
Part
control valve
pressure gauge
thermocouple
hot water inlet
hot water outlet
heat exchanger
cold water inlet
cold water outlet
pump
reservoir

w
=
=}

O |IN|O|O [ [(WIN|F-

=
o

IV. CONCLUSIONS

The equipment was developed and is currently used as
auxiliary cooling system of the 30kva generator in the
enterprise. Result of performance evaluation showed that the
runhours of the generator have increased by about 60%. Prior
to installation of this device, the generator shuts down on
overheating after working for an average of 50 run hours
(dropped working hours due to excessive usage). However
this has increased to about 80 runhours before carrying out
maintenance activities on the engine.

The prototype Heat Exchanger developed can be adapted to
preliminary reduce the temperatures of cooling media
especially water from temperature of about 120°C to about
70°C. It can also be used as intermediary means of
transferring heat in media which are used to cool machines
employed to generate power, processing food, chemical, etc
that are subjected to excessive usage due to production
demands, poor electricity supply and harsh environmental
conditions.
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