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SUMMAKY

This work is an attempt to in;estigate and to
establish relationshop auwong power demanded by the pump in
pumping cooling water through the engine, rate of water
circulation in the cooling system, pressures at different
significant points and velocities at critical sections,
sectionsjof minicum cr@ss sectional area, in the cooling
system for an Internal Combustion Engine used in automotive
vehicles. The engine for investigation was a Buick straight-

eight-eylinder engine of current production.

For the umeasurements of pressures in the cooling
system water was circulated by the pump driven by a motor
through a V-belt. Low pressure readings were taken _in the
piezometric tubes to belable to record small changes in
pressures and high pressure readings were taken with thne

mercury U-tubes.

To deteruine the rate of circulation through the
cooling system and powér.demanded by the puwuyp, the jump was

disconnected frou the engine and was couple to a dynaumometer.



A venturiameter was put in the water lineocof pump discharge.
Rate of water circulation was calculated frouw the venturi-
meter readings and the power demanded from tne dynamometer
readings. Necessary arrangeuents were made to create the

condition for this test identical to that for actual operation.

Velocities were calculated for four sections,
(i) At the section of pump discharge,
(ii) At the minimum section through the flow area of the
of the water jacket of the engine block,
(iii)At the section on the flow way froum the block to the
head of the engine.
(iv) At the section of minimum flow area of the water

Jacket of the engine head.

Results of pressure distribution have been so
arranged in the table, (Table No. 1) that at a quick glance
at the table it is very easy to visualize what is happening
in the pressure distribution pattern with increuse in puuap
speed as well as with increase in distance froam the outlet
of the pump.Also graphs have been drawn to show the relation-
ship betwaen pressure and pump speed aund between pressure
and positions of the pressure points in the system. This

second graph, (Graph No. 2) giges a remarkable way of showiug
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the pressure distribution pattern in thesystem.

Graphs have been drawn to show the relation between
rate of circulation and pump speed and between power demand
Jf the pump and the pump speed. These graph give to a
different scale, the rate of circulation and power dewand of
the pump with respect to the engine speed. The table No.3

and the graph No.3 give an idea how the rate of circulation

and power demand of the pump are related to thespeed



FCR
INVISTIGATION

In the Internal Cowtustion ZEngines power is obtained
by burning fuel inside the c,linder. 1lhe coubustion results
in a very high temperature and in the liberation of a large
amount of heat. approximately >uU to 35 per cent of this heat
travels intc and through the cylinder walls. If the cylinder
walls are not properly cooled, tne result will be too much
heating of the cylinder walls, the lubricating oil will be
burnt and the gradually increasing friction between the cylinder
walls and the pistons will quickly dawnage the wearing surfaces.
Further inefficient cooling will . cause thermal stresses in
the material of the cylinder walls. Therefore the cooling

should be adequate, proper andcefficient.

In present tiuwes all of the automotive engines are
cooled by the pump circulation system. In this system soue
power from the engine output is used to drive the pump. So
the rate of pumping should be such as to cause correct rate
of water circulation, neither more nor less for proper and

efficient cooling. If the water rate is greater than this



more power is needed to drive the pump, which lowers the
mechanical efficiency of the ehgine. un the other hand if
sufficient amwount of water is not circulated, the engine will
wear out too rapidly. For this reason the present investigation
seens to establish relationships auong power demanded by the
pump, rate of circulation through the cooling system, and
pressure and velocities at significant points in the cooling

systen.

Vhen the water pump rate is established an attempt
is made to find the water velocities tnrough thepngine at
different speeds of the pump. Tne pump is driven through a
V-belt by the engine crank shaft so water velocities through
the engine can be related to the R.F.M. of the engine. The
water velocities through the engine at different speeds will
help to find the film coefficient of heat transfer between
cylinder walls and cooling water. This film coefficient of
heat transfer can be utilised to evaluate the rate of heat
transfer to tne cooling water to determine whether or not the
cooling water flow rate is correct. The knowledge of thi
optimum awount ofiwater flow at any speed of fhe engine is

a basis for the design of the pump.

An investigation is made to find at various points



the pressures in the cobling water through the heat transfer
passages. This will give a kncwledge of the pressurc
distribution in the cooling water - along the heat transfer
passages and hence the nature and magnitude of the drop in
pressure at any point from the inlet to the outlet of the water
jacket. The point of maximum pressure drop will be seen .

This will help the designers to improve their water jacket

to broduce less drop in pressure. Tne less drop in pressure
means less resistance in the flow path, which saves power to

the pump.

The pressure at a few points in thepuction line is

taken. Tnis will help to check for 'cavitaion.

So our problea is to find pressure distribution in
the cooling water along the heat transfer passages, to find
rate of watey pumping with respect to engine speed and to
find power needed to drive the water pump with respect to the

rate of water pumping.



CHOICE ANu DESIGN OF
TESTING EQUIPMENTS

Necessity wasto choose or to design devices for:
(i) Driving the puamp
(ii) recording low speed pressures
(ii1) 39cording high speed pressures
(iv) Measuring rate of water circulation and

(v) Determining power demand of the; pump

For driving the pump a variable speed D.C motor of
the following specification, provided with starting and speed
control panel was used. A pulley was designed for motor .

The pump was driven through a V-belt.,

Max. R.P.M. at full load - 1650

Current at full load - 11.9 amps.

For measuring rate of water circulation a venturimeter
of the following dimensions was used. The venturimeter was
inserted in thedischarge line frou the pump with a gate valve

for control.



.nroat diameter = 1 inch

.'iameter at entrance = 2 inches

For the determination of the power deuwand of the

pump a Gerer.l Electric Co. dynamometer was used. The dynamo-

meter ciu.tant was

LB PULL x R.P.M.

H.rr. =

5000

For recording low and high speed pressures straight piezomet-
ric tubhes and mev..ry U-tubes were designed and made. With

the help of _ .. _¢s the pressure at the point of waxiwuwm
pressure, and vacuum at the point of maximum vacuum were deter-
mined prior to the test for both the highest speed of the low

range and highest speed of the high range.

At low speed . At high Sgeed
Max. Pressure
in 1lbs/sq.in 3.5 13
Max. vacuum
in ins of Hg 4 12

Miniwum length required for
3.5 x 34.14.7 = 8.1 ft.
13 x %0/14.7 = 26.b inches

(a) Piexouetric tube
(b) Mercury U-tube

(¢) Water U-tube for
vacuum

b x 34/30 = 4,52 ft



DESIGN OF DKIVE MCTOR PULLEY

Maximum R.P.M. of the cramkshaft = 4400 = N1

Diameter of the crankshaft pulley = 5.27 ins = Dl

Diameter of the pump pulley = 5.8 ins = D,

50 amaxiaum R.FP.M. of tne pump N2 is

N2 ) Dl
Nl 2
4400
Or N2 = 5.27 x
5.8
= %3940

R.FM, of the awotor at full load = 1lv50 = N

2
Let D5 be tne diaweter of the motor pulley in inches
D, N
—2 . —=
D2 N3
or 5 3940 x 5.8
3= —
1050

= 1905
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METHCDS ADCFLED
FOR
SOLUTION

The problem of the present investigation was split up into
three parts. They are:-
(i) To find the pressure distribution in the
cooling water along the heat transfer passages
(ii) To find the rate of pumping water with
respect to tne engine speed.
(iii) To find the power demand of the pump to the

required flow to water.

The method adopted for solution of the first part
was as follows:-

The engine was dismantied, water flow passages were
observed and an engine head of the same type of our investiga-
tion model was dissected to observe theflow passages in order

tapping
to locate the represententative pressure points at the best
available static zones. The pressure tapping points were

connected either to the straight piezometric tubes in case

of low pressures to read very small drops between points or
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to the U manometer tubes in case of high pressures. A few
pressure taps were made in the suction line to r ead vacuum.
The pump was run at the various speeds and the readings were

taken at tne corresponfing speeds.

To get the solution of the second part, ie., to find
the rate of pumping water with respect of the engine speed,
the pump was disconnected frou the engine under investigation

and was tested separately where it was possible to measure thé

fiow rate of water with the helb of a venturimeter. The pump was

driven directly by a dynamometer through a coupling. A
venturimeter was inserted in the line from the pump discharge
to the radiator inlet. A gate valve in this line was used to
check and control the flow of water in order to produce a pre-
determined pressure at the . discharge point of the pump.
This predetermined pressure at the pump dischafge is the
pressure which was obtained under actual co;ditions ofpumping
water through the system at various speeds. Readings of

the venturimeter were taken and rates of water circulation
calculated for various required speeds. At low Bp;eds the
venturimeter did not show any indication, and hence flow rate
was established by extrapolating the curve drawn from the high

speed readings.
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To find the power needed to drive the pump at various
speeds, the pump was connected to a dynamometer of known
constant and by creating the same operating conditions as

were under actual test the reading of the scale was taken.
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TEST CONDITIONS

For the. determination of the pressure distribution

pattern in the cooling systea there were two objectives:-

(a) tressure response with respect to the increase
in engine speed in an wide range of engine
speed. This was achieved by selecting quite
Large numoer speeds from the idling to the top
speed of the engine.

(b) Frressure drop in the system at the same speed
with respect to the distance covered frowm the

pump outlet to the jacket outlet. In order to achieve this
.end obaeryations of flow passages were made to know their

way and nature., Thirty significant points for pressure tapping
in the disc@arge line and four in the suction line were

decided and made at the best available static pressure zones,

Siwilar conditions under which the water pump was
run to force water into the cooling system were set up when
the pump was tested~separately.for the. rate of circulation of
water. The idea of putting the pump under siumilar conditious

isto get from the pump in the test condition the same flow

rate as was obtained in the actual condition at the various
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specified speeds., Tnis could be uone by equating the energy
of water at a given point of the pump for both the test and

the actual conditions.

Let the subscripts a and t stand for actual and test
conditions respectively. The enerygy of water at a given poinut

is by the well known Bernoulli &quation

\V)

+ Z

P
+ -
w

<
(4]

where
V = velocity of water at that point in ft.sec.

P = pressure of water at point in lbs/sqin

2
1}

elevation of thnat point referred to any . .
datum in ft.

w = specific weight of water at that temperature
in pounds per cubic foot

In the actual condition the energy is

vi P
+ a+Za
28 w

and in the test condition

2
ZE + Pt + 2
2g w t

at the same point.

If the two energies are to be equal
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V2 P V2 P
a a t t -
+ -— + 2 r= — + + A
a t

cg w 2g w

If the flow rates are equal Va must be equal to Vt as the

crospsectional areas remain the same. So the equation stands

+ 2 = t_ +

[

If we refer the elevation for both the cases to a couvenient

point which will be common for both the case, we can make

This was done by referring to the pump shaft. The height of
the pump shaft from the zero datum of manometer board in the
test condition was so set that the heightjof the pump shaft

from the zero datum of the new manometer board was equal. So

ultimately the equation is

Pa " Pt

w w
By regulating the check valve inserted in the water line P

was made equal to Pa for a given speed.

First, the inleW® side of thepump was connected
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tnrough a vaive to the water supply tank and outlet side
througn another vilve. It was arranged to repgulate both the
valves in order to get equal Pa's and P;s for the suction
as well as discharge side pressures. But the resistance
offered by the valve in the suction line was so large that
with the available water tank the necessary suction could not
be obtained even with the valve wide open. So the inlet side
was thén connected to the radiator in the same position as it
was in the engine. It was argued that since the resistances
in the suction line remained same, if the valve in the
discharge line is regulated to bring about the same pressure
(to made Pa = Pt) for the discharge side only suction vacuums
will automatically adjust to corresponding vacuums at different

speeds.

For the determination of flow of water with respect
to engine speed the pump could be driven at any speed. But
the pump was driven at same speeds as it was driven when
taking pressure readings for only at those speedsthe pressures

were known for the discharge side.

When the flow rate, the resistance to the flow, and
the pump operating head are same for both the actual and test

conditions the power demanded by the pump must be the same.
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So the test to know the power to drive the pump has three

conditions to fulfil.

(a) To create same flow:> Tanis was achieved to

perform the second part of the investigation.

O

~
(b) To -ut in same resistance to flow path:- Since

the same radiator with the same hose length in the same

condition was used, the resistance in the suction side was

unchanged. The valve in the discharge line acted as a resistor ¥

By regulating the valve the resistance in the line was adjusted
until 'Pt Was wyudd tO Pa for a given speed. It was argued
that since the speed of the pump and the discharge pressure

for the test were same as for tpe actual condition this resis-
tance must be equal to the resistance to the flow path offered

in the actual investigation.

(¢c) The puwp operating head is the difference bet-
ween the pressure head and the suction head. As in both the
cases these heads were same the pump operating head was

same.
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PRCCEDURE

A. For pressure readings:-

un1l the pressure and vacuum points were connected
either to the piezometric and water filled U-tubes, in case
of low speed tests or to the mercury U-tubes, in case of high
speed tests with the help of brass nipple and plastic tubes,
The radiator was filled with water at room temperature to
maintain the water level upto the filling point. The pump
was driven at various speeds by means of a variable speed D.C.
shunt wount motor. Readings were noted frou the graph attached
to the manometer board against the tubes. Parallax error was
avoided. For every speed the reading of the reference

pressure point was taken.
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Pressure points in the pump and in

Fig. 2

the radiator

35

Radiator

32

20



LOW SPEED PKESSURE READINGS

Speed of the
wotor in R.P.M.

P . T - R S D D D e D D ER e G D EE D D G Eh D D G R S En D D RGP

Height of water level in the

piezomter tubes in inches

1 1 1

13 22.65 33.3

10.8 18.65 26.3

10.7 18.20 27 .4

10.75 18.50 27.8

10.75 18.60 28.2

10.7 18.40 27.6

10.7 18.55 27.9

10.65 18.30 27.6

10.8 18.4 27.7
_o10:6 18.3 _____ 27:3 .

10.6 15.3 27.6

10.5 18.10 27.25

10.5 18.15 274

10.4 17.9 26.6

10.5 18.1 27.3

10.5 13.1 27.3

2l




LOY SPEED FRESSURE READINGS

(Contd.)
Speed of the
motor in R.P.M. 280 395 470 610
18 9.4 lo L 40,2
19 9.9 16.7+ 25.2 42.6
20 9.1 15.35 22.9 3549
21 9.15 15.4 22.9 8.9
22 C.9 15.2 22.5 38
23 8.9 15.2 22.6 38.2
24 8.65 14,8 22 37.2
25 §.65 14.75 21.9 37.2
26 .5 16k 21,35 36.2
27 8.4 144 2l.3 36.2
28 8.35 14,1 20.7 35.2
29 8.3 14.2 20.9 35.3
30 7.9 13.4 19.7 33.4
31 8.1 13.7 20.2 34.3
T Height of water level inm the
U-tubes

o Closed end 23.3  2k.3 25 29.5

Open end 20.7 19.7 18.7 15.4
33 Closed end 23.7 24.5 24.8 26.7

Open end 21.4 20.6 20.2 18.4

22



LOW-SFPEED PRESSURE READINGS

(Contd.)
Speed of the motor
in R.P.M. 280 395 470
34 Closed end 52.6 554 56.7
Open end 49.6 L6 .5 46.3
35 Closed end 50.2 51.6 53.3
Open end Ly 8 bke.,2 40,7
Vacuum in inches of water
32 2.0 4.6 6.3
33 : 2.5 3.9 L.6
34 3.0 5.6 10.4
35 S.h 9.0 12.6

4.1
2.3
19.4

20.3

=3




MEDIUM-SPEED PRESSURKE READINGS

Speed of the
wotor in R.?P.M.

2k

Height of
the water
level in

the gle-
zometer tube

water Closed 1liub

level ececccccccccccccrcccccaea

fRefhe he B0

1imb

1l Hg in the
open limb

Hg in the
closed limb

H.O in the
press. limb

F W

o \n

ﬂ

k5.5

24,5

29 .4
90

87.8
89

69.9
88.8
gs.1
38.1
68.5

19.1 8.5 14

12,5 12.2 13.8
13 10 11.8
12,2 8.8 12.3
15.1 9.7 17.2
12.7 13.2 15.4

9.6 9.6

4,7 9.1 11.3

© 7.
Open liab
Hg H20
17.0 17.2
18.3

16.1 16.3
15.4

16.5

17

16.4

15.7

15.4
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MEZDIUM-SPEED PRESSURE READINGS

(Contd.)
1 2 3 b 5 6 7
2 86.8  13.7 9.2 10.3  15.5
13 o7.b4 15.6 10.8 16.1 17.2
1k 86 13.5 9.3 10.3 15.5
15 £6.7 14.5 9.4 14,3 16
16 87 13 v.5 12,2 15 15.2
17 86.7 15.9 .5 11.3 15.1
18 75.5 15.7 8.2 13.5 13.8
19 754
20 72.3
20 72.3
21 72.3
22 70.6
23 71.3 14 5.9 14 14,1
2% 69.3
26 69.6
2p 67.5
27 67.6 5 10.4 14.4 15.4  17.5
28 65.9 11 8.3 10.3 12.7 12.9

29 06.2 9.5 7.9 12.3 12.7
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1 3 b 6 7
30 62.4 13.5 .2 10.9 12.1 13.1
31 64.1 15.2 11.4 11.6 15.6

- - - - = - S - - - = S R S R S D S S S S W = W e e -

Fressure points

Water levels in the -U=-tubes

Closed limbdb

32
33
34
35

Fressure

points

36
2.2
64
74

- e

Readings of the U tubes
Water Closed limdb

level
in the kg 320
press
limbdb
5.3
15.5
10.1

Open limb
7.5
12.4
30
19
Open limb
Hg HZO
3.8 4.8
14.1
5.8
9.4 10.2

I




HIGH-SPEED PRESSURE READINBS

Speed = 1440

S S 2 oo b S U 5....8

Pressure  _____ Readings in the U-tubes ______

points Water Closed limb Open limb
level ~——~CTTTTTTETTETTTETTTTTTT
in the Hg HZO Hg HZO
press.,
limb

0 1.1

1 16 4,3 9 20.8

2 18.8 8.8 19.9 21.9

3 19 6.6 8 19.6

4 19 5.6 8.2 15.4

5 19.5 6.4 14 18.4

6 18.2 7.1 11 20

Vi 19.5 6.1 19.5

8 5.6 5.6 19

9 5.4 15.6 18.5

10 18 .4 L.8 7.3 17.5

11 19.5 7.3 10.1 20.2

12 19.5 6.1 7.6 18.9

13 19.5 7.6 12.3 20.4

a7



1 2 > 4 5 6
15 19.5 7.6  12.3 20.4

14 19.5 6.1 13.8

16 19.5 6.3 9.4 19

16 18.5 5.3 8.5 17.2

17 18.4 5.9 8.3  18.8

18 19.5 L9 11 16.7

23 19.5 6.1 10.3 16.8 17.1
27 11 7.7 11.8 16.4 20.4
26 19 5.5 15.5 15.9
29 5.1 15 15.7

30 5.6 17 14.5 15.5
21 18 8.9 18.3

32 7.2 3.1 5
33

34 . 12.6 5.2

35 15.0 7.3 8.2
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HIGH-SPEED PRESSURE READINGS

(Contd.)
Speed = 1630
L 2 eeae b S e 2eeee 8
Pressure Readings of the U-tubes
points Water Closed limb Open limb
level
in the Hg HZO Hg HZO
press.
limb
(o] 1.1
1 2 15.5 23.5
2 7.7 17.5 23.1
3 3.5 15 2145 21.8
4 3,6 15 20.6
5 4.3 12 22.1
6 5 16.5 22.3
Vi 4 4 22.2
8 3.3 3.3 21.1
9 3.7 1k 20.8
10 2.7 14 19.0%
11 5.2 16.5 22.3
12 4 lo 21

i3 5.5 14 22.6
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1 Py 3 L 5 o

14 4 15.5 20.6

15 4.3 15 20.9

16 5.5 16 20 A
17 4,1 15.5 21 :

18 S.4 15 lo.b4 E

20 -1.4 12.7 13 -
23 4.6 12 18.5 -
27 1.7 6.7 10.4 19.6 21.7

28 5.2 17 15.2 15.5

29 4ok

30 3 16 16 17

31 18.5 9 10.6

32 . 8.2 2.0 b

33 4,6 12 18.5

34 13.7 2.1

35 16.6 6 7



Speed = 1690

HIGH-SFEED PRESSURY READINGS

(Contd.)

Pressure points

HKeadings of the U-tubes

Vater
level
in the
press.
limb

Closed limb

Hg

HZO

Hg

10
11
12

13

1.5
0,9
4.1

3.3

3.3
3.7
202

502

13.5
15.8

12.5
11

12.5
12.5

11

L
23.9
22

20
22.6
21l.4

22.9

22.2

31

-
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1 2 3 L 5 6

14 4 15 21.1

15 4.1 11.5 21.6

16 3.1 11.5 20.9 —

17 4.1 15 21.1

18 3.2 10 18.7

23 3.5 10.5 18.7

27 15.2 6.1 1lo 19.8 ,
‘.

28 19.6 3,8 5 17 17.3

29 18.5 3.5 7.5 16.9

s T b 1es 6.2 17.2

Sl 7.5 17.5 19.9

32 8.1 2.1

23 17 12.6

34 14.0 2

35 6.6 6 6.8



Let

So

Tanen

SAMFLE CALCULATICN FOR MZASUKEMEINTS
OF
FRESSUKE BY PIECOMELIRIC TUBES

the height of water column in the piezometer tute
with reference to zero datum in inches = H

the height of water column in the piezometer tube to
which all otner readings to be referred for aatum

= h

the pressure in inches of water above adopted master

datuw plane = H - h

Pressure in inches of Hg =

(H-h) x
34 x 12

Pressure in lous/sq.in

( H-h ) x .003%02

Let us take a numerical exam.le,
Speed = 010

Fressure point = 1

i =59

h = .8

33




Fressure

Fressure

Fressure

in inches of water above adopted wmaster datum plane

=H-nh
=59 - .o
= 58.2
50.2
in inches of iHg = -
1306
= 4,20

in lobs/ag.in 56.2 x .00502

.211

34




Fig. 3

Blue - water Red - Mercury

Case 1 Case 2 Case 3

SAMPLE CALCULATION
FOR
MEASUREMENTS OF PRESSURE BY U-TUBES

To find pressure at the plamne O O

Case 1 Pressure at 1 = O gauge
&
Case 2 Pressure at 2 = H ins of Hg

Pressure at 3 H ins of Hg

( weight of air negligible )



Fressure at 0 O = H ins of H, + h ins of H20

= H v—g— ins of Hg

13.6

Case 35, :- Fressure at 1 = O

w ins of H.O

Pressure at 2 >

=2 ins of Hg
13,6

Fressure at 3% w/13.6 + H ins of Hg

Pressure at &4 n "

w + h
Fressure at 0 O = + H ins of Hg
13.6
Numerical Example
Speed = 1440 and
tressure Point No = 14 Pressure point No 9
Case 1 Cage 2
h = 19.5 h = 15.6
h h
fressure = H + — Pressure = H + —

13.6 13.6
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19'5 15-6
Pressure = 12.7 + : = 13.1 + -
15.6 13.6
= 14.14 ins of Hg = 14.24 ins of Hg
Case 3.

rressure point 28

E 3
]
’—l
U
O
A )
(]
\n
L]
£
"
L ]
\n

Pressure =

= 11.45 ins of Hg

These are the pressureg at the .ero datum, The pressure

above adopted master plane ( - . i 1s found Dby

subtracting from this pressure the pressure at the plane 0 O,

A3

s
T
; —:71-

1
\J1
L

i -
L

0




Case &

Pressure Point 1

Speed = 1440

Pressure
Pressure

Pressure

Pressure

Pressure

Pressure

at

at

at

at

at

at

O g

= w ins of Hao

X 4+ Hins of Hg
13.6

=¥ L EH.-B
13.6 ins of Hg

= 11 " "

+H-2 4+ h/13.6 ins of Hg
13.6

38



R.P.M. of
the pump

rressure

points 1
2

3

o N O U

10
11
12
13
14
15

684
«720
«715
o717
717
715
717
.711

.72
+705
.705

RESULTS

IN INCHES OF Hg

Table

No 1.

1.94

3 1.97

2.00
1.97
1.98
1.95

1.96
1.95
1.95

> 1.93

1.94
1.69

> 1.93

35
3.37

3.37
3.30
3.36
3.31

3.32 6

3.28
5.31

6.62

6.45 6

6.54
6.6

6.54
6.55
6.46

7.2

7.1

> 7.13
5 7.09

701

6.95
6.8

3350 3800 3940

17.2522.8

14.2

18.0

14.2318.4

14.2

14,2

18.5
18.5

14.2418.4

14.3

18.5

14,3 16.4

14.2
14,1
14.1
14
14,1
14.
14

18.3
18.1
18.2
10

18.1
17.9
17.9

23,41
18.07
18.67
18.75
18.80
18.76
18.81
18.69

18.60
18.5

18.53
lo.b44
18.46
18.39
18.27

39




R.P.M of
the Pump

IN

RESULTS
INCHES OF

(Contd.)

Hg

2040 3350 3800 3940

Pressure
points

16
17
18
19
20
21
22
23
24
26
27 .
28
29
30
31
25

562 1.0
55 965
S5 0965
<555 «96
«535 97
.505 .91

1.93
1.93
1069

q lo?

l.01l
1.61
1.55
1.58
1.54
1.49
1.49
1.44
1.45
1.37

3.32
3.32
2.68
3.00
2.78
2.78
2.72
2.72
2.65
2.58
2.58
2.51
2.51

2-38

52 .94 1.4l 2.44

6.4
6.37
5.55
5.54
5.32
5.32
5.18
5.24
5.11
b.90
4,96
b Bk
4.86
4,58
.71

.562 1.01 1,54 2.65 5.11

6.9 13.9 17.8 18.18
.75 13.9 17.8 18,1

6.10 12.8 15.8 16.16

5.71 11.8 14.7 15.59

5.3 11.3 13.7 14,31
5.2 11,1 13.1 14,28
5.2 11.1 12 7 14.19
5.02 10.8 11.5 14.0

5.1 10,7 12.9 13.88

4o



b1

RESULTS

VACUUM IN INCHES OF Hg

Table 2
R.F.M. of
theFump 653 921 1090 1420 1953 2040 3350 3800 3940
FPressure
Points33 .169 .386 ,338 1.46 1.4 3.7 5.91 6.0
32 .185 .338 Lho 2.07 1.52 6.4s
24 .22 631 .765 1.43 2.5 L4L.5 8,43 9.08

35 «396 .605 .911 1.5 4.05 4.0 9.4 11,6 12
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SAMPLE CALCULATION FCR VACUUM

Case 1, := U-tubes filled with water

Let the closed limb read H' inches of water
and the open liamb read h' inches of water
Hw- hw
Vacuum in inches of Hg =

13.6

Case 2, :~ U-tubes filled witn mercury

Let the closed limb read Hm inches of Hg

and the open limb read h‘n inches of Hg

Vacuum in incnes of Hg = H - h
w a

.

¥
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Graph 1.

25 12.29

Pressure Vs. Speed

No 1. at the pump discharge
No 2. at eatrance to the block = ”..79.62
No 3. at exit from the block
No 4. at entrance to the head

No 5. at exit from the head
15 =

Pressure
in ins. Hg

Pressure
in 1lbs/sq.in

10 — 4,91

0 1000 2000 3000 4000

Speed of the pump in R.P.M.



Ly

Pressure
Vs.
Distance along the flow path

No 1. at a pump speed 2040
No 2. at a pump speed 1420
No 3. at a pump speed ©53

R

[ g A

e e e

O = entrance
pressure point

30 = exit pressure
point

S Y

~Pressure
+in ins Hg

) 1

~—Head

—— e

4+- Block—p-——- - T — e
0 20 0
0 10

Distances in inches

Grapn 2.

20 30

=



Relation between speed of the

wotor and speed of the_ puup

Speed of the motor

in R.P.M. = N3

Speed of the pump

in R'P.M. = N2

Speed of themotor
in R'P.M'

Speed of tne pump

280

653

1440

3550

395 470 610

921 1090 1420

1640 1690

3000 3940

Sample Calculation

in R.P.M.
X
N
)
Cr N2 =

o

13.5 x 280
5.

= 653

o0 080

1953 2040

The speed of the motor has been determined with. a

tachometer.

4%

~w




THE TEST TO

The original
(a) to
(b) to

(c¢) to

DATA SET UP
' FOR

KNOW RATE OF WATER FLOW AND
DRIVE FOWER

levels of Hg in the U-tubes
adjust pressure = 16.3 inches
adjust vacuum = .45 "

. record

venturimeter readings = 19.1 "

Pump Speed

The pressure should read in the

U-manometer .- . -open limb for
Vacuunm Pressure

1.17 18

2.48 20.54

2.65 20.62

5.15 2k, 65

6.45 28 .00

4q



SaMFLE CALCULATION

TO SnuW "#What the pressure should read " wao UbTAINED

Speed of the pump = 3350

Pressure at the discharge point, point 2 = 17.2 ins of Hg

If there were no water pressure in tne pressure
limb of the manometer the pressure shoul show in the open

liub

24.9 ins

and 1n the closed 1liab

1605 - lr2.2

7.7 ins

So the pressure exerted by water ( water was continous upto

the Hg level in the closed liub )

the height of 7.7 ins of H2°

.505 ins of Hg

So wnen the pressure snows 17.2 ins of Hdg,
Actual pressure is 17.2 + .505 = 17.705 ins of hg
And therefore when the pressure should be = 17.2 ins of Hg

the rressure should show

17.2 x17.2 = 16.7
17.765



Tnerefore the ,ressure snould read in tne open liwb

= lb.j + 12.'/
= 24.05 ins
DATA CEBETAINZD
FROM
TaE TE3ST TO KNOAN EaTE OF WaTER FLCW AND DRIVE POWER AND
RESULTS
Table no 3
LB PULL X R.F.M.
Dynamometer H.P., =
5000
Pump speed Venturimeter Uynamometer Rate of H.P.
Readings Readings Flow Demanded
............. ot S SR A A
1420 19.6 18.6 2.63 .056 .720
1953 20.54 1736 2.91 .08 1.136
2040 21.01 17.19 2.98 <094 1.216
3350 26.97 11.23 3.90 .191 2.656
3300 31.4 6.8 4,28 .238 3.264
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SAMPLE CALCULATION

1. Rate ¢f fyow: =

Venturimeter equation =

2E w

V = in ft./sec.

= in ft.of water

[ Radd

Example
Speed of the pump 3940

1. = B
= 32.5 = 5.7 = 20.8 ins of Hg
w
20.8 x 13,6
= ft of HZO
12

30.4 ft. of H20




SAMPLE CALCULATION

1. Rate ¢f fyow:=-

Venturimeter equation =

2g w

V = in ft./sec.

s

= in ft.of water

Example

Speed of the pump 3940

P - P,
= 32.5 = 5.7 = 20.8 ins of ig
w
20.8 x 13.0
= ft of H,0
12

30.4 ft. of H20

Or v2 = 07854 X Di




2 1 ] Dl = bia at entrance = 2 inches
b
] D2 = Dia at throat = 1 inch
vg - vi 15 vi
Therefore =
2g 2g
And 15 Vi
= 50.4
2g
L
144

= 249 cft/sec

2. For H,P, demanded

Lb Pull x R.P.M.
H.P. =

5000

4,41 x 3940

5000

5.48



PRCCEDURE

B. For finding rate of water circulation and power demand

of the pump

The pump was disconnected from the engine and was
fitted to a dynamometer for direct drive through a coupling.
Necessry water connections were made and a venturimeter was

put in the discharge. line.

The dynamometer was run at various desired speeds.
at every speed the pressures at the discharge point, point 1,
were made equal to those for actual conditions by regulating
the valve. The venturimeter leads were connected to an U-tube

with plastic tubes.

keadings of venturimeter and dynamometer scale were

taken every speed.

52



Graph 3

|
5 S— -——WIC—— e
|

Flow rate Vs. Speed

e e e

Flow W2 '
rate in :
cuft/sec |

b

|
|
- L— ! ;

|
|
|
i

|
i

!
i
!

4.8

3,2,

R

g e

'
1
¢

O faw—= A | . . [ . Il [
0 1000 2000 5000 uJEo
Speed of the puup in R.F.id.
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VELUCITIES

Velocities were calculated for four sections in the
flow passages of the cooling system. These four sections were

critical sections in the sense described velow:-

Tne first section was the section at tne pump
discharge, it was a circular path of diameter 1.25 inches.
The second section ( Fig. 7 ) was the section of minimum area
of water flow in the jacket around the engine block cut across
the diameter of theucylinder. The area was calculated from
the given dimensions. The third one was the section for the
transfer of water from the block to the head of the engine.
This consisted of five circular paths, one is of 1 inch diameter
and the rest four are of diameter é inch each. The last sec-
tion was the section of flow of water through the water jacket
of the head. This was also a section af minimum area: and was
found by cutting the head at various sections. The area at

this section was irregular ( Fig. 8 ) and it was found by

making its impression on the graph paper.
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RESULTS

1.25°

Area of section 1 A 17054 x

[
H

144

.00656 sq.ft

4 5
Area of section 2 A2 =12 b'd TE x 2

.028 sq.ft

2
1 )
Area of section 3 A3 = 7854 x + 4 x 7054 x
144 144
= 0.0109 sq.ft
Area at section & A, = .05 (calculated from the graph)
Pump speed Rate of ________ Velocities of water _____
Flow Sec..1 - -Sac. 2  "Sec. 3 Sec.h
1420 .056 6.54 2.0 S.1l4 1.566
1953 .068 10.52 3,14 8.075 2.94
2040 .09% 10.98 3.30 .63 3.13
3550 .191 22.3 6.03 17.5 6.30
3500 .238 27.8 0.5 21.8 7.94



Fig. 7

Section showing the
area of water flow tarough jacket
of the block
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Not to scale
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Relation between Fump Speed and Engine Speed

Pump Speed 653 g2l 1090 1420 1953

Engine Speed 715 1010 1195 1564 2140

Puap Speed 2040 3350 3500 3340

Engine Speed 2238 3670 Llo0 4330

Saaple Calculation

Diameter of the crank shaft pulley for driving the pump
= 5.27 inches

Diameter of the pump pulley = 5.8 inches

EngineSpeed = Fump Speed x —5L§7

5.8
653 x ——
5.27 ( when pump speed = 653 )

= 715

56
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CCNCLUSICON

This investigation reveals some informations about
" FLUID FLOw PATTERNS IN THE HEAT TRANSFER FASSAGES CF AN
INTERNAL CCMBUSTION ENGINE " whicnh were before unknown to the
students and teachers of Internal Combustion Engipes. These

may now fill up the vacant place in the literature.

A look to the graphs Pressure Vs, Speed and Pressure
Vs. Distance of pressure points in the system from the fpuap
outlet snows that waximum pressure drops taike place at exit
from the puup to the entrance of the block, and at the exit
from the block to the entrance of tue heau., This is because
of entrance and exit losses. The gressure drop along the
block is negligible compared to the drops\described above,
wnile there is a cousiderable awount of drop along the head.
The reasons are that tne flow path along the head offers large
resistance due to its ziguag course, and the plain path aloqg
the block offers a very saall resistance. The velocity of .
water tanrougn the water jacket wust be turbuleant, tnis is-
necessary for high rate of neat transfer tarougi the heat

transfer surfices of the head.
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From the graph 1 it is seen that the pressure has
the steepest gradient at gjpump speed between 2000 to 3500
R.P.4., this is because with the increase of rate of water
circulation pressure increases. But after tnat, gradient
changes and tends to become less ana less steep, this
indicates some hindrance wich may be a larger friction factor

at high speed.

The maximum vacuum in the cooling system is 12 inches
of Hg or the minimum absolute rressure is 18 inches of Hg
when the barometer reads.30 inches of Hg. At this pressure
the boiling point of water is 187.45° F. So if the tnermostat
is designed for 160° F or 180° F there is no chance for .

cavitation,

The gragh No 3 , rate of water circulation Vs. Speed
can be used to check for correct rate of water circulation
through the cooling system, Horse rower demanded by the Fump
Ve. Speed can be used to figure out iMechanical Efficiency.

The loss of power to drive the pump is an important factor

for small :cars which are designe for 30 Or 40 H.P.

The future designers of water puup and heat transfer

passages may be benefited by this investigation.
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