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Heat-Transfer in Liquid Cooling system of
superharged Internal combustion Engine
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Abstract

Possobilites of heat-transfer simulation in
Liguid cooling system of Internal combustion
engine were studied. A model for jacket of
Internal combustion Engine was devejoped. The
model is a concentric ‘tube in a tube’ heat-exch-
anger. The inner tube is of 50mm diameter and
260mm in length. The outer tube acting as a
cooling jacket has its diameter of 74mm, so that
the annular gap is of 12mm. Heat-flux on the
inner tube snrface was varied from 25-100KW/m2.
The flow-velocity of cooling water were varied
from 0.05-0.5m/sec. The set-up allows to study
the basic physical characteristics of heat-
transfer in cooling jacket of Internal combustion
engine. The correlation obtained from exper-
riments can be used for prediction of heat-
transfer coefficient in the cooling jacket of
supercharged internal combustion engine.

Notations :

a — thermal diffusivity

cp— specific heat
h -~ heat transfer coefficient
hfg — enthalpy of evaporation
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is known about the mechanism of heat-transfer
in the coblfng-jacket. In the design an'd develop-
: ment of internal combustion Engines it is freque-
il ntly desired to calculate the heat-transfer rate
from the cylinder surface to cooling liquid Often,

t — saturation temperature
inlet temperature of water in the test

out-let temperature of water in the test

e section an approximate estimate' of ti.me- a;?:?jr: 'hel::;
£ = TW—TSM SHepre U B tt::::fe;:t;fars;n tg:rpgz:nfi?r \l:hisclrll a det'ailed
R SR AL i analysis of heat-transfer in the cooling jacket
t, = 1y(Ty1+Tp2)—bulk temperature of the 5 essential. s

liquid. = ‘ The work of Chirkov, and Stefanovskuu [3]
?° — density of cooling water. - showed that the layer adjacent to the cylinder cool-
" — density of vapour ing surface in the cooling jacket exhibited three

characteristic types of behaviour, in order of
decreasing subccoling at a given load of the

Engine.

¢ — surface tension force.
v — kinematic viscosity.

B — absolute viscosity

Introduction : a. Single phase heat- tranefer.

Heat-transfer in the cylinder. liner cooling jacket b. partial surface boiling (a region of indepen-
is quite a complex phenomenon. Relatively liitle dent bubble formation) e

Existing Formulas for Prediction of Surface Boiling Heat-transfer
Co-efficient in the Cooling Jacket of Internal Combustion Engine.
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c. Fully developed surface boiling (a reglon of
bubble coalscence)
Different regimes of heat-transfer in the
engine cooling jacket is shown in Fig. 1
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Fig. 1 Effect of boiling poten.ial a cylinder-
wall temperature of an automobile engine at
atmospheric pressure.

In a natural aspiration engine in case of fractional
loading the cylinder wall temperature may not
gxceed the saturation temperature of the cooling

liquid at a predetermined condition. Heat-trans-
fer in this case may occur by natural and forced
convection. - The cylinder wall temperature

increases proportionately with the increase of
bulk temperature of tha cooling water. Most of
the engine designers use formula zonnekena [9]
for prediction of forced convention heat-transfer
in the cvoling jacket.

In modern suoercharged diesel engine the
cylinder wall tempsrature exceeds the saturation
temperature of the cooclant. Heat~transfer in
this case takes place by partial surface boiling.
|n this regime, once boiling has been initiated,
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only compartively few nucleation sites are oper-
ating so that a portion of the heat will be trans-
fered by normal single phase processes between
patches of bubbles. Due to destruction of
thermal boundary layer heat-transfer coefficient
increases. The rate of change of cylindar-wall
tomperature decreases with the increase of bulk
tamperature of the cooling water as indicated
in zone B Fig, 1.

As the cooling temperature further increases
the whole surface is covered by bubble sites

boiling is fully developed and aingle phase
component tends to minimum. Heat transfer
In this case is vigorously Increased. The

rate of change of cylinder wall to temperature is
further decreased as shown in zone C Fig. 1.
The rate of change of cylinder wall temperature
with the decrease of subcooling at a constant
load of an engine can be expressed by the foil-
owing Inequalities,

(dtw)A (dtw B (dtw)C
(dib)A (dtb)B (ditb)C

Where (dtw)A, (dtw B and (diw)C are differ-
ental changes of wal temperatures in the zone
A.B and C and (dtb)A, (dtb)B and (dtb C are
differential changes of buik temperature of the
liquid in zone, A, B and C respectively. Although
fully developed surface boiling heat-transfer is
quite helpful for engines as beceusa it decreases
thermal stress of the cylinder piston assembly
as because of increased rate of heat-transfer but
in this regime once a vapour bubble froms, its
growth rate is very rapid and it quickly may fitl
tha cooling jacket with vapour. This explosive
formation of vapour is often a source of hydrody-
namic instability since it is accompanied by a
sharp local increase in static pressure which may
reduce, stop, even reverse the flow direction of
cooling liquid in the jacket. This adverse situa-
tion in the - cylinder head cooling iacket may
occur because of its complex configuration.

The above disscussion concludes that only
partial surface boiling heat-rransfer is recomm-
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ended in the cooling jacket of interna! combustion
Engine.

atib diagram of the experimental setup is shown
in Fig 2. The set-up consists of the following

Although the process is so important but proper main components :

attention has not yet been given on the study
of the process. The existing formulae and method
are confusing & often contradictory. Authors
have different opinions about Physical aspects
of suiface boiling. Different formula Provide
us with results which differ qualitatively and
even quantitavely. Some authors have concludsd
that in surface boiling flow velocity of liquid does
not affact practically on heat transfer coefficient.
On the contrary some authors have concluded
that flow velocity of liquid affects heat transfer
phenomenon. Except that it some suthors have
concluded the effect of one parameter on heat-
transfer but their dependancy on that parameter
are not constant as shown in table (1). This is as
because the physical interpretation of the process
is not known correctly.

Heat-transfer on surface boiling can be expre-
ssed roughly by the functional dependance of
the most following pertinent variables.

h=f. g w.p. Ats, At,. &, 9" o, Cp hfg’

Ie. L.o2).[6.- 7,81,

Except those parametzrs heat-transfer coeff-
icients also depend on surface roughess of the
cylinder surface and vibration of the heat transfer
surface. Complexicity and specifity of the proc-
ess doss not allow to solve problem analtyicaliy.

That is why the most reliable method is to use
anologus theorms.
The main aim of the wortk isto get more

reliable formula for heat-transfer coefficient what
can help us to perform more accurate engineering
ealculation. During the choice of pertinent
variables we are to avoid the less = important
variable so as to get sufficient reliable formula
which reflects the basic physical characteristics
of the process correctly,
Experimental Facility and Test procedure :
In orcer to study the basic physical characte
ristice of surface boiling phenomenon a model
experimental facility was develoded. The schem
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Fig 2 Experimental set up

1-Test section, 2-Make up-water tank, 3-Water
cooler, 4-Ci:culating pump, 5 Flowmeter,
6-Step down transformer, 7-Revclution counter,
8-Precision voltmeter, 9-Precision ammeter,
10-Current transformer, 11-Digital voltmeter.(DVM

1. Test section, 2. Make-up overhead
water tank 3. Single pass shell and tube heat
exchanger, 4. Circulation pump, 5. Flowmeter
6. Step-down transformer, 7. Revolution coun-
ter, 8. Voltmeter, 9. Precision ammeter,
10..  Current transformer, 11. Digital Voltmeter.

The test section is a concentric ‘tube ina
tube’ heat exchanger. The inner tube is of 50mm
diameter. The outer tube acting as a cooling
jecket has its diameter of 74mm, so that the
annular gap is of 12mm. The inner tube was
heated with an arc welder. The power input was
measured with a model wattmeter. Calibration
of this meter showed the maximum error on any
scale to be less than 1of 17 full scale value.
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Heat-flux on the inner-tube surface was varied
from 25-100 KW{m?2, the flow rate of cooling
water In the jacket was adjusted by means of
throttling valves. The water temperature in the
cooling jacket was raised from 5 to 25%. The
water leaving the test section was cooled in a
single pass shell- and tube heat-exchanger and
was recirculated to the test section again via
make up water-tank and pump. The flow rate
was measured by a flow-meter. The test section
Was covered with three layers of asbestos clay in
order to minimise the heat loss to atmosphere.
12 copper constant thermocouples were attached
by soldering at 120° spacing around the periphery
of the inner tube at four locations along the
length. An ice bath was used for reference junc-
tion for all thermo-couple measurements.

After a smooth flow rate had been established
power was applied to the inner tube. Thermo-
couple reading were taken until a steady state
was indicated by the absence of a trend. Gene-
rally threz sets of consecutive reading were
sufficient and in average of the last two sets was
taken as the result. During the experiments the
following parameters were measured.

a) Flow rate of water through test-section,

b) Temperature of water at the entrance and exit
of the test section.

c)- Pressure in the cooling jacket.

d) Heat-flux on the inner tube wall.

Results and Discussion :

 Experiments performed in this work were
d’i\{jdt}ad mainly into-three different series. In each
series of experiments effect of one parameter on
heat-transfer coefficients were studied. In each
experiments heat-transfer co-efficients were
written as a function of cooling water tempera-
ture. Results obtained from the experiments
allow to determine the functjonal dependance of
flow-velocity degree of subcooling  heat-
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flux (q) and pressure inthe cooling system on
heat-transfer co-efficienf. In Fig. 3, and shown
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Fig 3 Schematic represention of flow configura-
ticn in the test section.

the dependance of the temperatute of the cylinde'
-wall and heat-transter co-efficienr on the bulk

temparature of the liquid. It is shown that with

the increase of bulk temperature, temperature of
cylinder-wall and heat transfer co-efficient increa-

ses proportionately. But a significicant change

in cylinder wall temperature is obsered at a bulk

temperature of the cooling water 75°C and above.

The rate of chane of cylinder-wall temperature in

decreased with the corresponding increase of bulk
temperature of the liquid. This is due to the fact

that near the cylinder-surface vigorous turbulent a

gitation caused by nucleation growth and con-

densation of bubbles. Thermal resistance of

boundary layer is extremely decreased. SlImul-

taneously it is shown in Fig, 4 that flow velocity

has no practical influence on surface boiling heat

transfer. :

In second series of experiments effect of
pressure on heat-transfer co efficient were studied
at-constant heat flux and flow-velocity as shown
in Fig. 5. Simulteneously the effect of degree of
sub-cooling on heat transfer co-efficient were also
determined. The pressure in the system was
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Fig. 4 Effect of flow-Velocity on surface temper-
ature and heat-transfer coefficient at diff-
erent cooling temperature.

varied from 0.1-1.2

25—5°.

Results of the experiments shows that
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In third series of experiments the effect of

heat-flux on heat-transfer co efficient were

studied. It Is evident from Fig. 6 that with the
increase of heat-flux wall temperature increases

and surface boiling begins at a lower temperature
of the cooling water.
Correlation of the experimental data conciuded

that the heat-transfer co-sfficient can be predica-
ted with the following criterial formula.

Nu=0,03 P, °'7(1+0 PR A e >

06

atmosphere and At =

P -

—)

Ppar
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Fig. 5 Effect of pressure on surface temperature
and heat transfer coefficient at differsnt
cooling temperature.

Further experiments is three four stroke super-
charged diesel engine concludes that the formula
can be used in predicting heat-transfer coeffi-
cients in cooling jacket of engines. None of the
formula hither to advanced (table 1) for calcula-
tion of transfer co efficients satisfies all require-
ments for confident extrapolation. But the for-
mula obtained in this work conforms more
satisfactorily to the physical requirements and is
compatible with a wide range of experimental
data.

Conclusions : :
The conclusions derived from the investiga

tion can be enumerated as follows.
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126
] 3. For prediction of heat-transfer co-effi-
| —0-01 <
- A " g cient on surface boillng the above formula can be
_ / : used with reasonable accuracy In superchanged
S5 A : A% engines,
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