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PULSATING HEAT PIPE SENSITIVITY TO SPACE ORIENTATION: ZONE LENGTH
AND HEAT CARRIER INFLUENCE

Statement of the problem and its relevanceThe rapid technical development of high
powered electronic devices along with their miniaturization presents a sehiallenge to their
thermal management. The adoption of highly efficient passive cooling devices such as pulsating
heat pipe (PHP) invented by Akachi [1] is necessary to address this problem. These devices are
very promising because of simple design, higathtransfer characteristics and possibility of
working at any space orientation. Nevertheless, PHP's original functionality is compromised when
employed across different orientations due to a multitude of reasons that fall into three categories:
physical, geometrical, and regime. Numerous attempts have been made in the past to use
innovative PHP designs to balance the forces of vapor pressure and capillary action, making PHP
function independent of orientation and lessening the effect of gravity. Exanti@ngpact of
heat carrier type and heating zone length on PHP thermal performance is one such endeavours.

Analysis of the latest researchHeat carrier selection is an important question for PHP
designing. Water is commonly used as heat carrier becdutetogh thermal properties. But
although low latent heat fluids are more likely to dry out at high heat flux, they do have better
oscillation and startip properties [2]. Methanol is thought to be the ideal working fluid for
horizontal operations becausf its high thermal conductivity [3]. Srikrishna et al. [4] examined
the impact on closetbop PHP using deionized (DI) water and methanol. At 70% filling ratio
(FR), methanol showed better heat transfer performance than DI water. Consequentlyisids adv
to employ large latent heat fluids for high heat flux applications and small latent heat fluids for
low heat flux applications.

Decreasing heating zone length improved heat transfer characteristics [5, 6]. Despite
promising findings, there is a limderesearch on the effects of heating zone length. The few
studies that are available either only examine the vertical bottom heating mode or show results that
are inconsistent with previous literature [7]. The combined influence of length of the heaing zo
and working fluid at various orientations must therefore be observed.

Goal formulation. The goal of is work is experimental investigation of heat carrier type
and heating zone (HZ) length complex influence on PHP heat transfer characteristics.

Main part. To achieve this goal, investigations were made at three different HZ lengths
d 10, 30 and 50 mm with water and methanol as heat carriers.

The other parameters of experimental PHP sample were: internal/outer diafn&i2rl
mm; condensing za&n(CZ) length- 100 mm; overall PHP length150mm, FR-5 0 NO . 5 %. TF
PHP was mounted on a metal plate together with an ohmic heater on HZ and a cooler on CZ. The
met al pl ate was able to be adjusted ta@),i ncl
+45A, O0OA (ho4bAp®@dd (medeée) cal top heating m
screws. A DC power supply was used to power the heater. A digital wattmeter was used to control
the heater's electric power. The thermostat attached to tle nwontained a steady cooling water
temperature equal to 22AC. Temper at utype me a
thermocouples mounted on the outer wall of PHP, a multichannel data acquisition module, an
interface converter and a personal computer.

Theresults of the investigation are displayed in figure 1 depicting dependence between
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PHP thermal resistance and supplied heat flux density at different orientation for a varied heating
zone | engt h. PHP didnot -4% AdreahAt.o0 wor k at i nc

7 8
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Figure T Influence of the heating zone length and heat carrier on thermal resistance
different orientations: 50 mm (a), 30 mm (b), 10 mm (c)

Methanol appears to be a good choice at lower heat flux andwertieal bottom heating
mode, however water appears to perform best at larger heat flux and in all other orientations when
it comes to thermal resistance. The findings are in line with most previous studies, which shows
that thermal resistance rises ashbating zone's length decreases for both heat carriers. However,
at lower heat fluxes, methanol produces lower thermal resistance; at horizontal positions, water is
always a good option. Experimental results also shows that water is the best optioxirfarmma
transmitted heat flux.

On the other hand, methanol appears to be a useful choice for quickly starting pulsation at
reduced heat flux. With a 50 mm heating zone length, its minimurnugtdemperature ¢t is
34.79AC, whi |l e figute24).$n géhdral, Stanp termperaviaetisestrongly affected
by inclination angle and HZ length. For water at horizontal mode the lowestigteamperature
was oObserved at 30 mm HZ | engt h. -uftemperaturec | i n
decreases with HZ length increasing for both heat carriers.

The ratio of thermal resistance in horizontal positiox) (B the thermal resistance in the
bottom heating mode (R was chosen in this study as degreeP#fP sensitivity to space
orientation. Ifthis ratio equals to 1 at the main PHP operational mode (pulsating mode), then PHP
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can be assumed as insensible to space orientation. As it can be seen from figure 2b, this ratio is
much stronger affected by HZ length for methanol than for water but formeat carriers it has

the lowest values at 10 mm HZ length. Also this ratio is higher than 1 for both heat carriers at all
investigated HZ lengths and inclination angles.

©90 degree_Methanol 45 degree_Methanol

0 degree_Methanol X 90 degree_Water ¢ 50 mm_water ®50 mm_Methanol

X
45 degree_water 0 degree_Water 30 mm_Water 30 mm_Methanol

10 mm_Water 10 mm_Methanol
120 10
100 R
o 80
S v > 6 l>§<
£ 60 X R A D\: [ ]
2 ] o 4 z§<
b 40 2 2
. 0 , K
20 s %
wifves X
0 0
0 20 40 60 0 2000 4000 6000 8000 10000
HEATING ZONE LENGTH (MM) HEAT FLUX DENSITY (W/M?)
(a) (b)

Figure 2- PHP performance parameters: (a) variation of-sgatemperature with
heating zone length; (b) sensitivity ration as a function of heat flux density

Conclusions.It can be summarized as follows:

1. Methanol provides lower thermal resistance, but PHP with water transfers higher heat
flux.

2. At inclinatonangl es +90A and +45A, increasing
thermal resistance and decreasing of stprtemperature.

3. In horizontal position, PHP with water has the lowest-siatemperature at HZ length
30 mm and the only HZ length at whiétHP with methanol works is X@im.

4. PHP has the lowest sensitivity to space orientation at HZ lengtiniLéor both heat
carriers. For this point of view such Hz length is perspective for further development of PHP
insensible to space orientation buisithecessary to solve problems with high thermal resistance
and starup temperature.
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District heating investments to implement the HRE scenario
in 2050
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