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INTRODUCTION

The reliability of any experimental study depends on

the reproducibility of the data. A characteristic of
nucleate boiling heat ftansfer, more so than in other
regimes of heat transmission, is the difficulty
encountered in controlling the condition of the heat

transfer surface. As a result of this difficulty, boiling
heat transfer data frequently show inconsistencies and
much scatler. In addition, surfaces which have been in
use for long periods of time frequently require higher

temperalde differences to produce the same heat flux.
This effect is atributed to the added resistance on an

oxide or deposited layer on the heat transfer surface, or

to the decrease in cavity size resulting from mild
oxidation (Ref l). This problem is particularly
important where boiling experiments with water are

concerned and practically, it is very difficult to
overcome. However, the rate of change associated with
'aging' generally diminishes as a function of time and
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ABSTRACT

The 'aging' effects of a boiling surface was observed experimentally using water as a working fluid and
employing a number of flat and ribbed surfaces under forced convective conditions. After a certain period of
continuous running, surfaces showed a rime-independent steady heat transfer performance. The reproducibility of
the experimental results was compared with a number of 'aged' hclting surfaces.
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T temperature, K
\' flow velocity, m/s
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this fact provides a basis for elimanting the effects of this
parameter. This implies that after a sufficiently long
time.has elapsed, a surface will reach a quasi-static
condition.

Fand and Keswani(2) reported on the .aging' prob_
lems associated with subcooled pool boiling of water
from a s[ainless steel tube. They stated that a set of hve
experimental measurements corresponding to five in_
creasing values of heat flux were reported again and
again until the test cylinder was 'aged', is until two
consecutive sets of five measurements were negligibly
different. It was reported that this situation occurred
after six hours ofoperation and the datapresented at one
heat flux value for two consecutive temperature meas-
urements indicateda temperature difference of approxi_
mately 0.7"Fbetween the two measurements. A similar
technique was adopted by Ferrel and Alevirch (3) for
nucleate pool and enhanced pool boiling experiments.
In bottr studies the 'aging' of the heated surface was
considered and nucleate pool boiling tests were carried
out after the surface had been 'aged'. Very little further
change in the heating surface was observed after con-

firmed. Yamaklguchi (4) 'aged' the heating surfaces by
boiling for about six hours with an intermediate heat
flux (approximately 150 kdm2 ). Apart from rhe work
of Akhanda and Jiimes (5) in which 'aging' was briefly
considered in a forced flow sihration, all investigations
into the question of 'aging' have been confined to pool
boiling.

EXPERIMENTAL APPARATUS

The experimental apparatus and instrumentation are
shown schematically in Fig.l. LThe rig comprised a
closed loop system incorporafing a test section,.to.ug"
and degassing tank, circulating pump, condenser,
vacuum pump, vacuum res€rvoirchambbr, flow meters
and other auxilliaries. All the components in contact
with the working fluid were namufactured from
materials which could adequately withsr,and the liquid
boiling temperature and also resist corrosion.

The test section consisted ofa detachable base plate
assembly and a mild steel frame as shown in Fig.2. the
detachable base plate assembly formed the botiom of
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the fest channel of inside dimensions of 305 mmx
33mm x 22mm . Two pressure tapping were provided,
each of which was installed 40mm away from the test
section and these were connected !o a pressure gauge
and a pressure transducer. The base plate assembly
comprised an upper 'tufnol' base and a lower .tufnol'
base. These two components were rnanufactured from
'tufnol @henolic resin, ASp brand) material. These are
shown in detail in Figs 3(a) and O). The heating plare
was located in the recess of the former base and held in
position by means of heat resistant .Araldite 

2004 '. The
thermal shock resistanr Epoxy Resin (Araldite My750,
Hardener IW72 and crack resitant filler-mica flour)
* as then cast at the back of the heating surface through
he specified slot for reinforcement. Before carrying at
ihe above two operations, the thermocouples employed
lor surface temperature measurement were spot welded
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to the back of the heating surface. These two .tufnol'

bases were used as backing and insulating materials.
The heating surfaces were manufactured from 16

SWG stainless sreel type EN58E (AISI 304) to rhe
dimensions of 3Mmm x lSmm x l.60mm. On
compledon of the rib machining opcration on the heat
transfer surface, brass,elcctrocles of 65mm x 25mm x
10mm were silver soldered 5mm away from the ends of
the test specimens as shown in Fig.3(c). A vaqua
blasting technique was employed to obtain a final
surface micro-roughness for all test specimens apart
from the specimen 'FRO-I". This surface was polished
with fine grades of emery paper and liquid metal polish.
Information concerning surface geometry variations is
given in Fig.3(d) and the detailed dimensions are
prcsented in the rable: I
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Table l.

Surface

pm

Surface

Roughness

mm

e

mm

L

mm

FRO.l
FRO-2
FRO-3
FRO4
TRS-1
TRS.2
TTS-1
LRS-2

0.15 1.02
0.47 1.03
0.?8 t .05

r.22t .05

0.78 r .05

0.78 i .05

0.78 + .05

0.78 t .05

o.to
0.50
0.50
0.50

1.0

1.0

1.0

1.0

0.50
1.00

0.50
1.00

'FRO' - FlatRoughend Surface

'TRS' - Transverse Rectangular Ribbed Surface

'TfS' - Ttansverse Triangular Ribbed Surface

'inS' - Longitudinal Rectangular Ribbed Surface

Fig. 3e. Positiors of

Heating of the test specimens was effected by the

passage of a high ac current (0-700 amps) at a low

voltage (0-6 volts) ttrrough them from a b=heavy duty

10 KVA transformer which was regulated by a double

variac. To determine the total heat input to the surface'

curent, was measured by a precision ammeter and the

volatage across the heat transfer surface was measured

with an ac digital voltmeter. Surface temperature was

measured using seventeen chromel-alumel
'thermocouples spot welded to the underside of the heat

transfer iurface (as shown in Fig'3(e) and

measuremens were recorded by a data logger with

teletype. A correction involving the application wittt

inrcrnal heat generation was made to evaluate the

surface temperature inlet and outlet bulk temperatures

were measured using thermocoupl probes and flow rate

was measured employing two rohmeters ip parallel'

The system pressure was maintained constant by

adjusting a needle valve incorporated in the vacuum

t4

c) I BrgnF I vrre r' v'

(o) VoLTAGE T. c.

Thermocouples and Voltage tapping$

reservok chamber and was measurcd with a calibratcd

pressure transducer'and a pressure gau-99'The pressurc

liff"r"n." between inlet and outlct of the test section

(which was very ilsglD was mcasured by a water

ioto*n manomeier. Four preheaters were employed to

control the tempcrature of the working fluid in-the rig'

The inlet bulk emperaturs was controlled by adjusting

itrt .*fi"g water flow rate through a g.lass,cooler

installed in the treader tank and by regulattng tne pre-

heater insralled upsream of the test section' A compre-

;;;;;;t".ipdbn of the apparatus emploved in this

study is Presented in Ref' 5'

RESULTS AND DISCUSSION

Experimental results demostrated that at least sgven

hours running was required !o 'age' the heating surface

; fiow boiliig wtrereby a quasi-steady condition was

ffi_l-_s_ji
TEPERATURE T.C.
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egablished. In order to ascerlain that the'aging' process

had been achieved, the following three tests were
crried out.

(1) Firstly with a newly made heating surface, flow
boiling cxpcriments were conductcd for a given
pressure, inlet subcooling and velocity. The data were
recorded for 'Run-l' over the entire boiling range. The
h€at flux was then reduced to ak value ofabout 150kwl
m1 and the surfacd was allowed to boil for a total of seven

hours (which included the time taken for Run-l). A
second test was thcn carricd out using the same liquid
ard opcrating under identical experimental conditions
as that of 'Run-l' and the data wcre again recorded

Eun-2).The procedure was repeated for'Run-l' and

dE data were again recorded @un-2). The procedure

nas repeated for'Run-3'and 'Run4' and the resuls of
rhese experiments were compared and are presented in

yATl&_rATM.
FRO-4(1.22 um CL A).A1.u5= 5 o6

V; O'40 m/s

RUN-t o
RUN- 2 A (oflcr Thrr run)
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croo

1 Tr;1561 ) cE

Fig.a(a). It is evident from these figures that there is no
'aging' effect after 'Run-1' and, therefore, not further
increase in superheat was observed as from 'Run-2'.
Similar experiments were conducted using different
heating surfaces at different inlet subcoolings and
velocities as shown in Fig.4(b) !o (d). It will be observed
that the rends exhibited are idcntical.

(2) Secondly, flow boiling experiments wgre
conducted in an identical manner to that described
previously in (l) with a newly made surface. After
'Run-4', the system was drained and charged with a
fresh supplyof fluid.In all, the system was drainedand
charged three times with a fresh supply of fluid and on
each occasion a complete set of l2 tests were carried out.
Results of these tests areplotted in Figs. 5(a) to (c). From
these figures, it will be observed that among each set of
experiments, the surface showed no 'aging' effect after
the first run and consequently, no further increase in
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superheat for a given heat ftux. These experiments

d"*orr"t" that, although a surface may exhibit 'aged'

characteristics, when rerharged with a fresh supply of

fluid, the surface retrIrns to an almost 'unaged'

condition.
(3) Thirdly, anothernewly made heating surface was

tBsted as AescriteO above. However, in this case tlte

system was drained and recharged with a fresh supply

of noie after erch run. An initial test (Run-l) was

performed without allowing the surface to-'age' ie

resuls were recorded as soon as steady conditions were

achieved.

Further tests (Run-2,3 and 4) were carried out after

draining and recharging the system, In these tests $e

surfacawas boiled for about 7 hours (aged) at an

irrtermediate heat flux of 150 kdm2 and a preesure of

16 :'

(Tw -Ttat) tC

on.Flow Boillng Data for Hater

I atmosphere. The flow velocity was maintained
constant at 0.70 m/s. The results are plotted in Fig.5 and
demostrate that from 'Run-2', fie surface showed no
'aging' effect Thus it will be observed that an 'aged'
surface can be established aftsr 7 hours of boiling
inespective of whether the system is recharged.

To confirm the reproducibility of the data, some
experiments were repeated under identical
experimenal conditions after a long period of time is 2
to 3 days. Experimental results demostrating the
reproducibility of data are shown in Figs.S(a) and O).
The heating surfrce used in fig.7(a) was a flat surface
(FRO-2) and in Fig.7(b), a ribbed surface (TTS-1) was

employed. Both heating surfaces had been in use for a

period of time far in excess of seven hours and were,

therefore, 'aged'. From these figures, it is clear that the

reproducibility of data was well established.
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CONCLUSIONS

The effects of 'aging' of boiling surfaces was studied
experimentally yiclding the following conclusions.

( I ) In fl ow boiling a surface is'aged' after seven hours'
continuous boiling.

(2) An 'aged' surface returns to an almgst 'unaged'
condition when the system is recharged with fresh fluid.

(3) Reproducibility of ttre exBerimental data was
confirmed usirlg both smooth and ribbed surfaces.
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