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Abstract:
This paper presents the physicat aspects of

surface boiling heat-transfer in cylinder'liner

cooting space ol Diesel engine' Using high'speed

Movie-Camora the intornal phycical parameters

(bubble departure diameter' bubble growth rate

and nucleation density) has been studied' A cor-

relation has been developed which can prer'iict

the heat transfer coefficient in the cooling space

of cylinder-liner of diesel engine'

Notations :

q"-heat flux frominner-tube wall to cooling

water

v-water speed in the cooling space

tw -mean 
tomperature of inner-tube wall

tf -mean 
temperature ol water in the cooling

space

t -temperature 
of water in the entrance of

O1

the cooling space

tb2-temperature of water in the exit of the

cooling sPace

At" : t"-tf boiling Potential
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lntroduction :

Heat-transfer with surface_boiling continues to
be one of the most important procasses in moclern
supercharged diesel-engine. Designing end ex_
ploitation of modern supercharged diesel engine
shows that the temperafrrre of cylinder-cooling
surfacs exceeds the saturation temperature of the
coolant at the given definite pressure. The temp-
erature of the thermat boundary layer may also
exceed the saturation temperalure of the coolant,
where as the rest of rhe cooling liquid in the
jacket-space having the mean temperature betow
saturation An isothermal surface divides the
coolant a thin boiling boundary layer and a
relatively cold flowing liqud in the cooling
space. Firstly on the cooling surfacs ( in the
micro-cavitv) originates micro_steam bubbles,
increases in size and is departed from the micro-
cavity. Af ter d+p:i'ting from micro cavities th;
bubble s are collapsed in relatively cold flowing
liquid. Heat transfer in this case is considered as
a special form of mass-transfer where as new
phase lsteam) originates, detaches and intensity
the destruction of thermal boundary layer. As a
result of this heat.transfer coefficient is extremely
increased. The temperature of cylinder surface is
decreased. lt creates the best circumstances for
further chagrirrg of tha engine in order to increase
the eftective potver of the plant.

However, in heat engineering the terminology
'Surface-boilingl is known too long ago. From
1936 this process has its great application in
cooling highly thermaly loaded appartus like
atornio reactor, rocket installation and aviation
engine.

Many works have been done by renowned
thermal physicist Kytatetadge {1) Tolubinsky (2)
Rohsenow q3)Snaidar (4) MC Adams 15,1 Nikiyma
(6) Nishikawa (7) Hara rB).

Studies on surface-boiling heat-transfer may
be roughly divided into three categories.

(1) A study onlhydrological resisiance in the
cooling system when surface-boiling takes place.

(2) A study on critical heat.flu.x leading to
f ilnr-boil ing.
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(3) A study on the.l6ws of surface-boillng.
The first two categories of.work were perform-

ed where heat-flux varied from l000-5000kw/mz
and coolant-speed was varied from (3.1b) m/sec.
That is why in producilon of diesel-engine these
works have no special interest.

The process surface-boiling was observed tn
cooling space of diesel engine by many scintists
(9,10,11,12t, Theprocess has its advantages
over the heat-transfer in lorced convection. lt
decreases the thermal loading of the cylinder-
piston group. lt equalizes temperature slope of
the whole cooling surface and it decreases cavita.
tion errosion of cylinder-liner.

The main thing is rhat thers is no unified
model of surface boiling heat-transfer. The exist-
ing hypothesis partly explain different aspects of
the same process. However, at present model of
Snaiijar and Robin ,4) may be considered more
applicable and practical.

Due to complexity of the process there are no
closed system of equations which can be pro-
posed to write down the process surface boiling.
Above authors have no unity in their opinions
about the physical aspects of the problem. The
internal physical parameters of 'surface boiling'
(departing bubble diameter, frequency of depart-
ing bubbles, nucleation density) in the cooling
space are not studied yet perfectly.

Experimental set-up and procedure :

A study of internal physical parameters of
surface boiling heat-transfer in csoling space of
real diesel engine is too difficult. That is why
an experimental set up was designed stimulating
approximately the same conditions of cooling of
cylinder-surface. The set-up is a concentric 'tubs
within a tube' heat-exchanger. The innertube
is of 50 mm diameter and 260 mm in length.

The outer-tube acting as a coollng jacket has its
diamoter of 74 mm, so that the annular gapi s df
12mm. Projector lamps were placed the surface

of the inner-tube. Heat f iux q" was varied from
50 Kw/m2 to 150 Kwlmz, water is supplied conti-
nuously by a centrifugal pump in the cooling jacket
in order to cool surface of the inner-tube. Nine
copper-constantous thermocouples here placed on
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the surface of the inner-tube in order to measure
the wall temperature t*. Two thermocouplei in

entrance and the other two thermocouples were
placed in exit on the cooling jacket to measure
the temp of cooling water. The mean temp was

calculated using the relation tr: 4bi f br)

The heat-exchanger has three glass-windows
fixed with its three walls for visual observation
and photography of boiling process. The experi-
mental setup and experimental section are shown
in fig 1 and 2.
Experiments were performed in series according
to the following regime parameter :

water speed, V varied from 0.05 to 0.15 m/sec.
heat flux q,, - 30 - 150 kw/mz
potential of boiling Ats - 5oC to 40"C

ln the first series of experiments, the elfect of
water-speed to the thermal condition of cylinder
sutface and intensiffication of heat-transfer in the
cooling space were studied at different cooling
temperature

ln the second series of experiments, the elfect
ol cooling temperature and heat-flux to the ther-
malcondition of cylinder and intensification of
heat-transfer in the eooling space were studied.

High-speed and static photography were taken
after having a stabte regime in definite combi-
nation of regime parameters. ln order to deter-
mine the size of bubbles a calibration wire
(diarnerer 0.2 mm) was fixed on the surface of the
inner lube, Speed of movie.cam€ra was in the
range of 300 frame/sec to 5000 frame/sec. For
statical photography a 'Zenit EM' camera was
used,

Results :

First series of experiments conclude that (as
shown in fig.3) if tw<ts, water speed plays a

vital role in intensification of heat.transfer in
tho cooling space. And heat-transfer takes
place in the regime named forced convection.
And if t*)t", surface-boiling takes placei n the

thermal boundary layer, origination, growth, de-
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parture and collapse of bubbles compell the
cooling water in a turbulent-flow in the cooling
jacket as a result of this heat-transfer coefficient
extremely incleases, ln this case water speed in
the cooling space practlcally does Oot inf luence
in heat tansfer. This phenomenon il paradoxial
in accordance with forced convection.

Second series of experiments indicate that
(Fig. +l surface-boiling in the cooling space takes
place in definite combination of regime para-

emters. lt in the definite regime heat-flux is

increased surface boiling takes place at a lower

cooling temperature of the coolant.

Results obtalned from photography shows that

the process surface-boiling is a stokhastical pheno'

menon. ln the definite constant regime all the

physical parameters (depating bubble diameter

D, departing bubble frequency f, attd nucleation

density of bubble) ware varied frcm point to point

on the cooling surface and with the time'

ln order to determine the mean value of Physi-
cal parameters the mathematical statistics was

used. Bubble departure diameter and frequency

of departing bubbles can be expressed by Gamma-

function as shown in fig 5 and 6. Nucleation

density can be expressed by poission distribution.
The nature of distribution curves remain constant

in the experimental regime-parameters.

With the increasing of heat'flux (in a definite

mentioned regime) departing bubble diameter

(mean statistical value) practically remains cons-

tant but the nucleation density is extremely in-
creased. lt can be explained that micro-geometry

of the cooling surface (more-micro cavities) were

super.heated for the origination of bubbles due to
the increased heat-flux' "

Boiling potential of coolint practically does

not influence the fate of the departing bubble
diameter.

Thus lhe performed research work allow us to

exptain the internal physical parameters ol surface

boiling heat transfer in the cooling space of diesel

engine.
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Correlation of the experimental data :

Data processing was performed in criterial

form.

Nu, =f (Eut. Ret Prt PelK 1)

where eur: ff, ne1:J!

WL., r
Pef: 7 nf :fIJ, '

hL.Nuf:-{-

Law of conser!'ation of energy can be written
as follows

9',:eN'fiF:h(tw-rs)
As because there was no pressure variation in

the cooling space, waler-speed has no noticable
infiuence on heat transfer and the ratio v/a int ha

experimental regime parameters does not change
significantly, so the criteri Eur, Ret and Prt urere

were not taken ih to consideretion.

tJsing least square methcd, the coefficients
c1 a1 anJ a2 were determined

o.7 0.34
Nu, =479,10-3 pef Kf

The results obtained from models experiments

are identical with lhe experimental results in real

diesel engine rvhich concludes that the criterial
function can he used in the similar purposes i13)

Comparative study of this criterial function
with that of Chirkov (9) Stefanobsky (9) Petri-

chenko (10) Novennikob (11) shows that the

obtained formula is more simple and sufficient

reliable for giving the boundary condition in the

cooling space of high-speed diesel-engine.

Conclusions :

The main eftective way to de;rease the thermal

load of cylinder piston group of ciiesel engine is

to intensity the cool ing process, the use of surlace

boiling regime allows to increase the heat-transfer

io coolant several times without increasing the

power ol water-circulation PumP.
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The proposed criterial function can be used for

giving the boundary condition in cylinder cooling

space of high sPeed diesel engine.

The most suggested temperature of the coolant

is to be that at which surface boiling takes place

in ihe cooling space of diesel engine.
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Fig 4, Effect of Cooling Temperature on the Thermal Condition
ol Cylinder Surface at Dlfferent Heat-Flux.
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