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Abstract-Experimental results show conclusively that the presence of a small quantity of a non- 
condensable gas (NCG) mixed with the working fluid has a considerable effect on the condensation 
process in a rotating heat pipe. The temperature distribution in the condenser shows the blanketing 
effect of the NCG and the ratio of the molecular weight of the working fluid to that of the NCG has 
a very definite effect on the shape of this distribution. Some of the effects are quite similar to the 

well-established data on stationary heat pipes. 

NOMENCLATURE 

temperature difference between saturation 
temperature t,, and condenser wall 
temperature t,; 
heat-transfer rate; 
enthalpy of vaporisation or latent heat ; 
density of the working fluid; 

thermal conductivity of the working fluid; 
viscosity of the working fluid; 
surface tension of the working fluid. 

1. INTRODUCTION 

IN RECENT years considerable interest has been gel7r 
erated in regard to the heat pipe as a heat transfer 
device. Attentionhasmainlybeendevoted to the station- 
ary heat pipe which relies on capillary action for the 
recycling of the working fluid. In addition to its effect- 
ive high thermal conductivity the stationary heat pipe 

has been proved to have excellent thermal control 
characteristics through the use of non-condensable gas. 
The capillary heat pipe however has a number of limit- 
ations such as the wicking limit, nucleate boiling etc., 
and some of these limitations can be overcome in a 
rotating heat pipe. 

The experimental and theoretical analysis of rotating 
heat pipes has been concerned with their operation 
with pure vapour only [l] and yet experiments by 

Marto [2] indicate that inadequate filling procedures 
which fail to remove all the non-condensable gas, such 

as air, have a marked effect on the performance of the 
system. 

With this in mind an experimental evaluation of the 
performance of the rotating heat pipe with non- 
condensable gases present was undertaken which would 
enable the migration of the non-condensable gas to be 
studied and to investigate the heat removal from the 
condenser. 

The rotating heat pipe is a closed hollow shaft with 

a slight internal taper along its axial length and contains 
a fixed amount of working fluid (Fig. 1). Heat is 
transferred from the evaporator to the working fluid 
causing evaporation. The vapour flows axially towards 
the condenser where it is condensed on the cooled walls. 
It is then centrifuged back to the evaporator along the 
tapered walls. The limitations imposed by the failure 
of a wick structure are therefore eliminated by the use 
of the centrifugal force field to return the condensate 
to the evaporator. 

2. EXPERIMENTAL APPARATUS 
AND PROCEDURE 

The main components and general arrangement of 
the rotating heat pipe can be seen in (Fig. 2). The 
evaporator comprised a 76mm-O.D. copper tube of 
wall thickness 3 mm and overall length 150 mm. At the 
outset a strong influence in the design of the apparatus 
was the ability to visually observe the inside of the heat 
pipe and to measure the temperature distribution inside 
the pipe itself. It was felt that by linking visual 
observations and experimental measurements a better 
understanding of the operation of the rotating heat pipe 
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could be obtained. A flange on the end of the cl aporatol Thermomctcr u here the tcmpcraturc w:+t\ read di~-cc~i> 
enables an interchange between ;I toughrnd glass to an accuracy of *O. 1”,, _tO.S C \\ 1111 ii Irc\olutit)r (>I 
window for the visual observations and a travclling 0. I C’ per division. Initial chtck,. NS.W made I,> ~:nw!~;~ 
thermocouple probe for temperature measurcmcnt. thal a11 the thermocouples rc‘cordc‘ci the s41nc !x ~tiing- 

The evaporator was helically wound over 13Omm when the rig was in both stationar! .III~; roi:ilinq ni~~~i~ 
with a pyrotenax heating cable. thus providing an in- before any heat was applied lo !h< IIC;I~ pipe. ‘I 11~1: 
tended adiabatic section of 20 mm. \\a:, no evidence of anv sil,rnific;ilil i’ r1i.r .\ hc:il'> ~&!LY- 

The condenser was machined from a thick \+alled crated at the slip rings. 
cylindrical copper castin p and was brazed to the cvapo- The liAlowing cxpcrimental proc&ut-~ XV. tw,i 
rator. The condenser tapers from 63.7 to 37 mm ovc~- throughout the tests. Ths heat pipe’ U;I~ Thor-ongill! 
a length of 255mm thus producing a half cone angle clcancd using trichlorethylene ;lll(l \\..ISlli:i! (til! \\ !ii: 

of 3 and :I step at the condenser evaporalor inter- triple distilled water and then putnpL‘$ &~\I II 10 , ; ;:cuiv 
section which allows the condensate to form ;I pat-allel 01‘5 h 111 ’ tow. ‘T‘li~ non-cc~ndcri~~i~~~~ 2;1> l&~i 111 1:1-i! 

liquid annulus in the e\raporator (Fig. 2). throu$I Lo s\-stem of \al\eh and 4 I’II-2i11 \ .uuni plug> 

Mult+hole ioii!. 
Bleed salve 

Control 
Evaporator, valve ~:\;"~.:Sq W:l+‘il 

2’ 
slip rings 

Cooling , travellfng ’ Condersser 
water probe jacket 
o:flet 

Condenser Ther&ocoup'P 

In order to make an assessment as to what portion Ge the mitial and final pressures bath n~ln-ct)ndens~tbIc .2 

of the condenser would be used to transfer the heat gases within the system. A k~lo\zn valumc of working 

in the case where non-condensable gases are present fluid in liquid form would then hi: sucked into the 

it was decided to segment the condenser. Hence it would heat pipe and sealed b) \valvc clos~irc OII the heal pipe. 

be possible to focus more attention on local conden- When this filling procedure VV;I\ complc\c t11c co4ing 

sation rates and condenser wall temperatures. With a uatcr flow rate was adjusted to the required levels. Ah 

segmented condenser it would be possible to assess the the surface area of each compartment decreases along 

influence of external cooling conditions and locate the the axial length of the condense\- Ihc cooling water 

region where the bulk of the heat was transferred. The flow rate in each compartment w,~‘i set proportional 

condenser was therefore divided into six compartments to the arca of that compartment 50 that the cstcrnal 

and provision made in each one to record inlet and cooling conditions were the same for each OIK. With 

outlet cooling water temperatures. condenser wall tem- this control over the coolant lluid it W;L~ possible to 

peratures and cooling water Row rates. Additional have constant wall temperature 0: const;lnt heat tlux. 

instrumentation consisted of two thermocouples em- The heat pipe was slowly brought ilp to the required 

bedded in the evaporator wall and one suspended in speed and power was supplied to the c~aporator heater. 

the evaporator vapour space. All the thermocouples Once thermal equilibrium had bet~i re&ed all the 

were made with nickel chrome/nickel aluminium rotating and stationary thcrmocoupics and the pressure 

(Cr’AI) wire. The travelling thermocouple probe is gauge was read and the water (lo\\ rates Irccorded. The 

shown in (Fig. 2). One of the three thermocouples travelling thermocouple probe was traversed along the 

employed in the probe was bent at right angles on to length ofthe condenser, readings being taken a! carious 

a radius of 18mm, this gives a clearance of 0.5mm stations. The power to the hcatu MA\ then increased 

between the thermocouple and condenser wall when while the rotational speed M,BS kept constant. The fore- 

the probe is in the “fully in” position. The other going procedure was then repeated. This procedure ~vas 

thermocouple was bent to a radius of 9 mm. The third repeated for several heat inputs, rotational speed. work- 

thermocouple was left on the centre line of the con- ing fluid and non-condensable 3:1x combinations. ‘This 

denser. The electrical signals from the rotating thermo- procedure was also repeated a~ bclected conditions 

couples were brought out through copper slip rings with the travelling probe replaced hl the toughened 

through a selector switch to a “Comark” Electronic glass window. 
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3. EXPERIMENTAL RESULTS window and repeating the runs at selected speeds and 

To assess the effect of a non-condensable gas on the heat inputs. At each condition the evaporator and 

operation of a rotating heat pipe it was essential to condenser performance was monitored with the aid of 

determine first the behaviour of the heat pipe when illumination from a strobe light. 

operated in the pure vapour state, i.e. no non-conden- In the evaporator at the low speed (600 rev/min) the 

sable gas present. boiling action was very violent with large vapour 

The pure vapour tests were carried out at three speed bubbles and a frothy liquid-vapour interface (the nuc- 

ranges, 600,800 and 1000 rev/min which correspond to leation sites appeared to be clustered in various regions 

15.4, 27.4 and 42.8g at the entrance to the condenser of the evaporator). By increasing the speed to 800 

test surface. For each speed a range the evaporator rev/min the bubble evolution in the evaporator was 

heat inputs employed was between 800 and 1400 W. reduced due to the increased centrifugal force and 

-Theoretical 
#A* Experimental 

55- Working fluid -Arcton 113 
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FIG. 3. Comparison of analytically predicted heat-transfer 
rates with experiments. *. 

Good repeatability was obtained with all of the ex- 

perimental data with approximately 80% of the heat 
input to the evaporator being recovered in the con- 
denser cooling water. The 20% losses are probably due 
to conduction losses through the magnesium insulation, 
the probe support and condensation in the adiabatic 
section. However, further insulation of the rig wduld 
not have been feasible. The axial wall temperature 
distributions over the middle four compartments were 
uniform. The wall thermocouple reading in number one 
compartment nearest the evaporator however was a few 
degrees higher due to conduction down the wall from 
the evaporator. It is more convenient to discuss these 
wall temperature profiles in connection with those ob- 
tained with a non-condensable gas present. 

Figure 3 shows the relashionship between the heat- 
transfer ratesQlocal of the condenser and the temperature 

difference 0, between the saturation temperature and 
condenser wall temperature. The figure shows good 
general agreement between experimental and theoreti- 
cal results [3] and as explained earlier the wall tem- 
perature was constant over the middle four compart- 
ments and the variation in local heat flux being 5-S%. 
The theory [3] was based on a boundary-layer simi- 
larity type approach, the governing equations being 
numerically solved on a computer. 

4. RESULTS OF VISUAL OBSERVATIONS 

Visual observations were made by replacing the 

travelling thermocouple probe with the toughend glass 

produced a corresponding decrease in saturation tem- 

perature and pressure. The buoyancy effect on the 
vapour bubbles would be negligible at the value of “g” 
quoted earlier. It was observed that the boiling was 
much more uniform and controlled with smaller bubble 
diameters. These results correspond with the rotating 

boiler observations of Gray and Marto [4]. 
A phenomena indicated by the experimental results 

is that the rate of increase of heat transfer with rota- 
tional speed tends to fall off at a higher speed. Al- 
Jumaily [5] observed similar behaviour in his heat- 
transfer characteristics and put forward the following 

explanation: As the rotational speed increases the axial 
component ofcentrifugal force increases so that the film 
velocity will increase, hence there will be a tendency for 
a thinner film for a given flow rate. The resistance to 
the condensate flow is assumed to be influenced by the 
surface finish on the wall and this will, therefore, dis- 
turb the thinner, rather than the thicker layers. Conse- 
quently the circulation of the condensate maybe affected 

resulting in the inadequate removal of heat and the 
narrowing of the gap between the constant speed lines. 

During experimental runs with three different fluid 
charges the condenser appeared mirror-smooth and 
shiny, whichindicates that film condensation was occur- 
ring. On the other hand, the condenser appeared dull 
in colouration when rotated with no heat input. 

It should be stated throughout the experimental 
programme several attempts were tnade to photograph 
the inside of the heat pipe during operation. While the 
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photographicresultsoftheboilingprocesswerepartially 

successful. the inability to adequately light the inside 
ofthe condenser precluded any reasonable photographs 
being obtained. 

5. RESULTS FOR ARCTOlV 113 WITH 
NITROGEN AS .4 NON-CONDENSABLE GAS 

To explore the effect of a non-condensable gas on 

the operation of the heat pipe, tests were performed 
with various masses of nitrogen introduced into the 
system. Care was taken to ensure that the same ex- 
ternal cooling conditions existed for these tests as for 

the pure vapour results. 
In the results to be presented, two of the three vari- 

ables (viz heat input. rotational speed, filling condition) 
will be kept constant while the third is varied. 

6. EI:FE(‘T OF THERMAL LOADING Oh 

tiE.4T INPI’ 

The effect of heat input on the condenser wall 
temperature profiles for a fixed rotational speed is 
shown in Fig. 4. They are plotted as the measured 
surface temperature of the condenser wall as a function 

of distance from the entrance of the condenser. The 

tieat Input 
0 1200 w -Wtth N.C.G 

9 0 1000 W ---WIthout N.C G 

5or ‘, n 800 w \ 
Speed =800 rev/m~n 
Working fluid -Arcton 113 
Non con. gas-Nitrogen-417x IO +kg 

5 
0 25- 

20, 
I I I I 

40 80 120 I60 200 240 ’ 
Distance along condenser, mm End 

FIG. 4. Condenser wall temperature profile with and with- 
out non-condensable gas. 

figures show the characteristic temperature distribution 
of the stationary non-condensable gas loaded heat pipe 
in that the higher temperature region is indicative of 
the active condenser. On the other hand. the low 
temperature region occurs where the condenser is gas 
blocked and inactive. The intermediate region of chang- 
ing wall temperature indicates the vapour gas diffusion 
region. In the stationary gas loaded heat pipe an in- 
crease in heat input to the heat pipe has the effect of 
increasing vapour pressure and mass flow rate of the 
vapour and this in turn compresses the non-conden- 
sable gas thus moving the vapour gas diffusion front 
further down the condenser. In the case of the rota- 
ting heat pipe the vapour gas front does not sig- 
nificantly move down the condenser, the difference in 
temperature between the two regimes becoming less. 
thus smoothing out the step in the wall temperature 
profile. Physically this can be interpreted as either 
greater heat conduction down the condenser wall or 

the much heavier vapour at Ihe higher pressure, 
forcing its way through the diffusion barrier provided 
by the non-condensable gas or a combination of both 
effects. The graph also shows the comparison of the 
wall temperature profiles for the case of the pure 
vnpour. In general it can be \een that when non- 
condensable gases are present the heat is transferred at 
a higher temperature over the first part of the heat 
pipe --another similarity with stationary heat pipe 
operation. 

These wall temperature profiles also give a good indi- 
cation of the behaviour of the local heat flux along the 
condenser. i.e. the local heat tlux Falls along the length 
OF the condenser in the same W;I> :I\ the temperature 
profile falls. 

Worklng fluld - Arcton I13 

Non co” gas- Nitrogen- 417 x IO~“kg 
Speed-800 rev/ ml” 

T, “C 

P, bar 

Heat Input - 12oow rot01 pressure 3.15oor 

Heat Input -800W Total pressure 1.9 hoi 

FIG. 5. Experimental isotherms and isobars effect of I~at 
input. 

Figure 5 shows the internal isotherms and isobars 

obtained by traversing thermocouple probe along the 
entire length of the condenser. The temperature of the 
vapour gas isotherms are given along the top of each 
diagram while the pressure along the bottom corrcs- 
ponds to the partial pressures of the non-condensable 
gas. These were obtained by assuming that the coni- 
ponents of the vapour gas mixture are perfect gases. 
thus enabling Dalton’s Law to be used to calcula~ 

the partial pressures of both vapour and non-conden- 
sable gas. The isotherms in this figure are symmetrical 

about the centre line and decrease axially in magnitude 
along the condenser in a similar manner to the tem- 
perature profiles. Thus the partial pressure of the non- 
condensable gas increases towards the small end of the 
condenser, indicating a build-up of non-condensable 
gas at this end. The build-up of non-condensables also 
occurs in the radial direction. Both isotherms and 
isobars in this end section of the condenser are almost 
horizontal which suggests some sort of stratitication 
or layering of the vapour gas mixture. The theoretical 
analysis assumed that there is a mixing of non-con- 
densables and vapour in a radial direction and pre- 
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dieted a density variation and a build-up of NCG 

towards the interface. This is borne out by the above 

observations. The temperature profiles were built up 
from several traverses taking readings at very small 

distances apart. Only three radial thermocouples were 
used, an increase in the number would probably 
disturb the internal vapour flow too much. The centre 
line discontinuities of the isotherms may look severe 
but the difference between adjacent isotherms is only 
2-3°C so that the radial temperature gradient is not as 
large as it looks. The isotherms are only meant to give 
an idea of what is happening inside the heat pipe. 

From an examination ofthe three diagrams in (Fig. 5) 

several other factors are also evident. Firstly the tem- 
perature variation of the vapour gas mixture is greatest 
at the lower heat input (800W) and the ratio of the 
partial pressure of non-condensable gas to the total 
pressure of the system is also greater, indicating a 
higher concentration of non-condensable gas. In addi- 
tion, as the heat input is increased the vertical lines, 
which are indicative ofpure vapour, are seen to advance 

further down the condenser. This behaviour is reason- 
able on physical grounds as an increase in heat input 
causes more vapour to be generated, thus decreasing 
the overall concentration of non-condensable gas. The 
accompanying increase in vapour mass flow rate forces 
the pure vapour front further down the condenser and 
this phenomena is more readily discernable from the 
isotherm plots than the wall temperature distributions 
discussed earlier. 

7. EFFECT OF SPEED 

The effect of speed on the condenser wall temperature 
profiles for a particular filling condition and heat input 

is shown in (Fig. 6). Increasing the speed has the same 
effect on the non-condensable gas case as the pure 
vapour, namely to reduce the wall temperature. This is 
attributed to the suppressed boiling phenomena re- 
ducing bubble evolution in the evaporator and thus 
decreasingsaturationpressureand temperature. Similar 
trends have been observed by Al-Jumaily [6] and Gray 
[4]. In the lOOOrev/min profile there appears to be a 
more uniform decrease in temperature with no “step” 
from high to low temperature regions. This is probably 
due to the higher centrifugal force spreading out or 
layering the non-condensable gas along the liquid 
vapour interface and causing a blurring of this interface. 

As would be expected the local heat flux profiles 

I 
240 

I I I I I I 
40 80 PO 160 200 240 

Distance olono condenser, mm 

FIG. 6. Condenser wall temperature profiles--effect ofspeed. 

exhibit similar behaviour at the various speeds with 
little difference between the individual curves, since 

approximately the same amount of heat is being trans- 
ferred in each case. A familiar pattern of internal 

isotherms is shown for the 800 and 1000 rev/min cases 
in Fig. 7 with the 6COrev/min diagram being greatly 
different. It has already been stated that increasing the 
speed has the effect of reducing the total pressure and 
temperature and the pure vapour front can clearly be 
seen in both the 800 and 1000 rev/min diagrams. 

Heat Input =I.200 W 

Workmg fluld- Arcton II3 
Non. co”. gas- Nitrogen 834xlO“kg 

T.OC 

P, bar 

Rotational speed = 1000 rev/mln Total pressure=3.9bar 

T,‘C 

P. bar 

Rotational speed =t300 rev/mtn Total pressure=4.12 bar 

P.bar 

Rotational speed=600rev/min Total pmssure=5.l bar 

FIG. 7. Experimental isotherms for vapour-gas mixture and 
partial pressures lines for non-condensable gas. 

The closed loop isotherms of the 600rev/min case 
suggest stagnant pockets of vapour gas mixture, further 
experiments carried out at 6OOrev/min produced iso- 
therms which were generally unpredictable. However, 
this slow speed effect required much more experimental 
work to be carried out before it is fully understood. 

8. EFFECT OF FILLING CONDITION 

The rotating heat pipe was run with two different 
filling conditions for non-condensable gas. The mass of 
non-condensables present was again found by calcu- 
lating its partial pressure after filling and then, by 

using the perfect gas law, the overall mass of non- 
condensables can be found. Figure 8 shows the con- 
denser wall temperature profiles for the two conditions 
examined, together with the condenser wall temperature 
profile for the pure vapour case. The diagram shows 
that, as before, the introduction of a non-condensable 

gas has the effect of raising the condenser wall tem- 
perature over part of the condenser (so-called active 
part) and lowering the temperature over the end portion 
of the condenser where the non-condensables are con- 
centrated. Increasing the overall mass of non-conden- 
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Non. con. aas- Nltrooen 
Worklng fiud-Arcto; 113 
Heat Input-1000 W 
Speed-800 rev/m,n 

qJ 
I I I I I I 

40 80 120 160 200 240 

Distance along condenser, mm End 

FIG. X. Condenser wall temperature protiles. 

sables in the system exaggerates these effects. 1.e. higher 

temperature over initial part of condenser. lower tem- 
perature over final part of condenser. 

The foregoing is now repeated for a different working 

fuiddacetone and non-condensable gas carbon diox- 
ide. 

9. PURE ACETONE VAPOUR RESULTS 

Figure 9 shows the relationship between the tem- 

perature difference 0, (saturation temperature minus 
the condenser wall temperature) and the heat transfer 
rates QI~,~.,I for the three speeds investigated. Experi- 
mental points again being the average of the middle 

b 600rev/m1n 
45 r I 

the surface tension and thermal conductivity of the 
working fluid. 

for stationary heat pipes [X]. 
The diagram also shows that the increase in heut- 

transfer rate for the experimental points between the 
8OOand 1000 revimin case is small which again indicates 
an upper limit in speed above which no increase m 
heat-transfer rate would be obtained as previously e\- 
plained. 

Thewail temperature profiles were very uniform wnh 
a larger variation in local heat fux than in the Arcton 
1 13 case (see comparison with non-condensable gas 
results in the next section). 

IO. .4CETONE & C.4RBORDIOXIl~E RESULTS 

Figure IO shows the eti’ect on wall temperatut-e 
profiles of introducing carbon dioxide (166 x 10 ‘kp) 
into the system and the effect of heat input on the 
system. The figure shows that whereas with Arcton 
1 13,‘N, two distinctive temperature regions existed. 
with acetone/Co, the wall temperature profiles appear 
to decrease at a uniform rate. levelling out towards the 
end of the condenser. This appears to be due to the 
mixing of the vapour and non-condensable gas since 
their molecular weights are not widely different. the 

Phrking flwd-Acetone 

800rev/mln 1000 rev/mtn 

0 ioco, I W/cm’ 

FIG. 9. Comparison of theoretrcal and experimental results 
for pure vapour. 

four compartments. For this combination experimental 
points lie to the left of the theoretical results which 
indicates that the empirical heat-transfer coefficients 
are lower than expected. Similar trends have been ob- 
served by Lee and Mital [7] during the operation of 
a stationary, vertical closed thermosyphon. They found 
that their theory overestimates the heat-transfer rate 
for high merit number fluids such as water and under- 
estimates the rate for low merit number fluids such as 
the Arctons. A merit number is a fluid property group 
defined by 

[5, 61 for rotating heat pipes, or where 0 and K are 

vapour being unable to centrifuge effectively through 
the gas barrier. Thus producing a vapour gas inter-- 
face which existed over most of the length of the 
condenser with a greater layering or stratification c>f 
the two components. Increasing the heat input has the 
usual effect of increasing the condenser aall tcmpera- 
ture whilst maintaining a similar profle. 

The condenser local heat flux profiles behave m ‘I 
similar manner, in each case approximately 75”,, of the 
total heat recovered in the cooling water being trans- 
ferred in the initial two compartments of the condenser. 
However, mapping of the isotherms (see Fig. 11) shows 
that as the heat input was increased, the isotherms 
reverse their shape with the temperature decreasing 
towards the centre-line, while increasing towards the 
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65- 
Working fluid-Acetone 
Non. co”. gas- COz-166x10-5kg 
09oow 
A1000 w 
al200 w 
Speed =BOOrev/min 
-With N&G 
---Without N.CG 

0 40 80 120 I60 200 240 

Olstance along condenser, mm 

Fro. 10. Condenser wall temperature profiles. 

Working fluid- acetone 
Non.con. gas-CO, 
Speed a800 rev/mm 

Heat input 1200 W Total pressure 3.78 bar 

Heat Input 1000 W Total pressure 3.37bar 

Heat Input 9OOW Total pressure 2.97 bar 

FIN. 11. Experimental isotherms-effect of heat input. 

wall. It is over this section that 75% of the total heat 
load is being transferred. The non-condensable gas 
appears to be providing such an effective barrier to the 
vapour that more heat is transferred by conduction 
down the wall of the condenser causing a large varia- 
tion in wall temperature as was shown in Fig. 10. 

However, for this to be substantiated experiments with 
either different condenser wall materials or increased 
instrumentation have to be carried out. 

Effect of speed 
The effect of speed on the condenser wall temperature 

profiles is not as pronounced as that for the Arcton 
113/N, case of Fig. 6. However, the same format of 
experimental results exists, i.e. higher speed giving a 
lower wall temperature for the reasons already ex- 
plained. The individual condenser heat flux profiles for 
the three speeds employed were again very similar to 
those of Arcton 113/b& with, as stated, approximately 

Working fluid -Acetone 
Nan con gas- CO?-116x IO-skg 

Heat Input - l2OOW 

FIG. 12. Experimental isotherms-effect of speed. 

75% of the heat being transferred in the first two com- 
partments. However, the internal isotherms of Fig. 12 

have several interesting features which were not present 
for the Arcton 1 13/N2 tests. The vapour at the entrance 

to the condenser for the 6OOrev/min case is super- 
heated since all the fluid was boiled off in the evapo- 
rator, sufficient heat input being available to produce 
several degrees of superheat. The isotherms again dis- 

play a reversal in direction with a temperature gradient 
of over 100°C along the length of the condenser. When 
the speed was increased to 800 rev/min the vapour gas 
mixture in the initial part of the condenser lost its 

superheat and the temperature dropped by approxi- 
mately 50°C with a corresponding decrease in axial 

temperature gradient. Little difference exists between 

the 800 and 1000 rev/min results which again suggests 
this upper speed limit beyond which there is no ap- 
parent difference in the results. Furthermore as these 
two experimental runs were not consecutively carried 
out the similarity between the two is remarkable. 

Effect offilling condition 
The effect on the condenser wall temperature profile 

for the three filling conditions employed is shown in Fig. 

13. Apart from the 332 x 10m6 kg of Co2 condition the 

wall temperature profiles exhibit the same behaviour 
as the Arcton 1 13/N2 case, increasing the overall mass 
of non-condensables producing a higher temperature 

in the initial part of the condenser and a lower 
temperature in the end portion of the condenser. With 
all profiles the “two temperature regime” is indistinct 
indicating a greater mixing of the two components 
with an associated larger conductive heat transfer 
down the condenser wall. 

Comparing the internal isotherms of Fig. 14 with the 
wall temperature profiles of Fig. 13 it can be seen that 
the introduction of a small amount of non-condensable 

HMT Vol. ?I, No 2-H 
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Workinq fluid =Acetone 
Non co”. gas =CO, 
Speed = 800 rev/mm 
Heat Input = 1000 W 

20 - 

0 40 80 120 160 200 240 

Dlstonce along condenser, mm 

Fit;. 13. Condenser wall temperature profiles 

Working flurd- Acetone 
Non con gas-CO2 
Speed = 800 rev /min 
Heat mput - 1000 W 
For pure vopour case -T=65’C P=l38 bar 

322 x IO-‘kg COz Total pressure =I.61 bar 

998 x iO+kg CO2 Total pressure = 2.15 bar 

166x lO+kg CO2 Total pressure = 3.38 bar 

FIG. 14. Experimental isotherms for various filling condi- 
tions. 

gas (331 x 1O-~6 kg) has the eit‘ect of raising the ~41 
temper~lture along the entire length of the condenser, 
while the saturation temperature over the first IA’O- 
thirds of the condenser is also higher than in the case 
of the pure v;lpour. 

When the mass of non-condensables was incrzascd 
to 998 ‘r: IflY” kg the familiar shapes arc :lgain cncotmt- 
ered. The s~lt~lr~~tioll temperat~lre rcknive to the pure 

vapour takes the expected form. The beginnings ttf the 
isotherm reversal trend can also he seen. while increas- 
ing the mass of non-condensables further to 166 x 
IO ’ kg exaggerates this with the isotherm reversal nou 

plsinty in evidence. 

The foregoing experiments shcm conclusively that 
the presence of non-condensable gases have :t consider- 
able efYect on the temperature distribution and the heat 
lor-td characteristics ofcondensers ofrotating heat pipes. 

Some of these effects arc very similar to the publishtvf 
tiatn on stationary heat pipes. 
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DISTRIBUTION EXPERIMENTALE DE TEMPERATURE 
ET CARACTERISTIQUES DE CHARGE THERMIQUE 

POUR LES CALODUCS TOLJRNANTS 

R&urn&Des r&ultats expirimentaux montrent que la pr&ence d’une petite quantite de gin7 incondensable 
(NCG) melang au fluide vecteur a un e&t considkrable sur le m~anisme de condensation dans un 
caloduc tournant. La distribution de tempirature dans le condenseur montre I’el%t barrike du NCG 
et le rapport des masses mol&ulaires du Ruide vecteur et du NCG a un &et tr& dCfini sur la 
forme de cette distribution. Quelques uns de ces effets sont tr& semblables aux resultats hien connus 
sur les caloducs fixes. 

EXPERIMEhTELLE T~MPERATURV~RTEILUNG UND 
W~RMELASTEIGENSCHAFTEN VON ROTIER~NDE~ W~RMER~HR~N 

Zusammenfassung-Experimentelle Ergebnisse zeigen schliissig, daIsdie Anwesenheit einer kleinen Menge 
nicht kondensierbaren Gases (NKG), vermischt mit dem Arbeitsmedium, eine betrHchtliche Wirkung auf 
den Vorgang der Kondensation in einem rotierenden Wlrmerohr hat. Die Temperaturverteilung im 
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Kondensator zeigt den bedeutenden EinfluI3 des NKG. Das VerhSltnis des Molekulargewichts des 
Arbeitsmittels zu dem des NKG hat eine sehr bestimmte Wirkung auf die Form dieser 
Verteilung. Einige dieser Effekte sind den wohlbekannten Ergebnissen fiir stationtie Wtimerohre sehr 

Shnlich. 
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3KCnEPMMEHTAJlbHOE OnPEJ@JiEHME PACI-IPEAEJIEHMR TEMI-lEPATYPbl 
M TEflJlOBOti HArPY3KM BPAIQAKIIIJMXCII TEflJIOBbIX TPY6 

AmoTa~w- Pe3ynbTaThI 3KCIIepMMeHTa HarJIflLlHO nOKa3blBaWT, ST0 He6OJlbllIOe KO,,HYeCTBO 

HeKOHneHCMpyeMOrO ra3a (HKr), CMeUIaHHOrO C pa6oveB WiDKOCTbK), CyIUeCTBeHHO BJlllReT Ha 

npoueccbl KoHneHcamx ~0 Bpauatoueticn Tennoaoii Tpy6e. PacnpeneneHAe TeMnepaTypbr B KOH- 

DeHcaTope CBMJleTenbCTByeT 0 HaJIHWH @+eKTa IIOKpblTHR HKT, a OTHOUleHAe MoneKynnpHoro 

Beta pa6oTeFi XWAKOCTH K MoneKynflpHoMy Becy HKT OKa3blBaeT BnOnHe OnpeneneHHoe BnMIIHHe 
Ha B~~3TOr0paC~p~~eneH~~.~eKOTOpble~33~~eKTOBO'ieHbCXOW(MCXOpOUlO MSBeCTHbIMM pesynb- 

TaTaMCl IIOCTallMOHapHblM TennOBblM Tpy6aM. 


