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Visual Observation of a Heat Pipe Working Characteristics

*
Noriyoshi TSUYUZAKI, Takashi SAITO+, Shinya ISHIGAMI
% % *
Michitaka KAWADA , Masanobu KONNO , Fumito KAMINAGA
%
and Yoshizo OKAMOTO

HTTR Designing Laboratory
Oaral Research Establishment
Japan Atomic Energy Research Institute

Qarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received September 10, 1988)

When the heat pipe is used in a nuclear engineering field, it is
indispensable to understand transient characteristics of an accident
condition as well as in a steady state at a normal operation. However
there have been few informations about the transient characteristics of
a heat pipe in case of rapid temperature or heat load change in an
evaporator section.

The purpose of this study is to examine transient and steady state
characteristics of a gravity assisted heat pipe and variable conductance
heat pipe(VCHP) which will be used in a neutron irradiation capsule.

This report presents results of visual observation of boiling and
condensation patterns on steady state or transient condition in a visible
heat pipe made of a glass. The response time of the heat pipe is on the
order of a few seconds when the temperature of the evaporator part 1is

kept above the operating temperature.

Keywords: Visual Observation, Gravity Assisted Heat Pipe, Variable
Conductance Heat Pipe, Transient and Steady State

Characteristics
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Table 1.1 Power of density and coefficient of nuclear reactor
BE¥HEToEwts |8 K OF ~ 43 W/ e’
HEeBHNBSER ~ 120 W/ em’
Hoh AL & oo E Ak ~ 100 % /sec
BEEL © ~ B0 Csec

& J1 £ {t ~ 10 bar/sec
Table 2. 1 Experimental conditions for visible model of

heat - pipe test runs

Run No Figure No Induction heating
G3000P Fig. 2.3 1.10 (KW)
G3001P Fig. 2.4 1.47
G3002ZP Fig. 2.5 1.65
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Table 3.1 Experimental conditions for visible model of heat-pipe test runs
(Fig. 3.3 — Fig. 3. 4)
Run Coolant Heat flux inside pres-|Working liquid
| number temp. (°C) (W/cn®) sure (mmHG) |level {mm)
K041 9.8 0.07 14.0 160
Ko42 10.1 0.27 14.0 169
K043 10.3 0.62 13.0 160
K044 10.56 1.12 13.0 160
K045 10.6 1.77 13.0 160
K046 1.8 2.51 13.5 160
Ko47 11.1 3.47 16.0 160
K048 11.1 4.54 15.0 160
K043 11.3 5.75 14.5 1590
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Table 3. 2 Experimental conditions for visible model of heat-pipe test runs
{ Photo. 3. 2 — Photo. 3.19)

Run Coolant Heat flux Inside pres-|Working liquid

number temp. (°C) (W/ca®) sure (wmHG) {level  (mm)

K023 9.5 0.29 260 115

K024 9.6 1.18 260 115

K025 10.0 5.97 260 115

K026 10.6 0.29 560 115

K027 10.6 1.18 560 115
K028 | 10.3 5.97 560 115

K029 10.6 0.29 260 142

K030 10.5 1.15 260 142

K031 10.9 5.89 260 142
K032 11.1 0.28 560 142

K033 11.2 1.15 560 142

K034 11.1 5.87 560 142

K035 11.6 0.27 210 160

K036 11.6 1.15 210 160

K037 11.6 5.87 210 160

K038 11.8 0.27 460 160

K039 11.8 1.15 460 160

K040 12.1 5.87 460 160
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Coolant  {in) —
Coolant (out) | |
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Stainless Steel >
Fig. 2. 1 Test section for visible model of heat-pipe (on transient condition)
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Fig. 31
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(on steady state )

| ___— Pyrex Glass

 Experimental apparatus for visible model of heat-pipe



JAERI-M 88-196

¢16
K]
(o8]
" 27
{mm) (mm)
14 290
=
8
@
=]
O ay
= 2
5 =
o )
= S| o2 S
= S
T O £
<N g
)
=
=
~ 160
2. ]50 ]
— 142
8.
n
o
P~
0
Fig. 3.2 Test section for visible model of heat-pipe

(on steady state )

Working fluid level
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m— o ®—- 3 A — 4 (CH)
141} Fe:
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mm A
om A
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o | |
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Wall Temperature (°C)
Fig. 3.3 Characteristics of the visible model heat-pipe

(on steady state, Wall temperature vs Heat flux)
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(on steady state, Wall superheat vs Heat flux)
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Fig. 3.4 Characteristics of the visible model heat-pipe
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Photo. 3.1 Experimental apparatus for visible model of heat-pipe
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DATA NAME : K023

Working Liquid Level : 115 mm

Inside Pressure : 26 cmHg
Heat Flux : 0.29 W/cm?

£BER

Bt 5 REEH

Photo. 3. 2 Steady experiment using a visible mode!l of heat-pipe
(Heat flux= 0. 29 W,/cm®, Working liquid level=115 mm
and inside pressure = 260 mmHg )
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DATA NAME : k024

Working Liquid Level : 115 mm
Inside Pressure : 26 cmHg
Heat Flux : 1.18 W/cm?®

EEER

B AIEE

Photo. 3.3 Steady experiment using a visible model of heat-pipe
(Heat flux= 1.18 cm? Working liquid level = 115 mm
and inside pressure = 260 mmHg )
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DATA NAME : K025

Working Liquid Level : 115 mm
Inside Pressure : 26 cmHg
Heat Flux : 5.97 W/cm?

eEEE

k78 2 S

Photo. 3. 4 Steady experiment using a visible modei of heat-pipe
(Heat flux =5 97TW,cm®, Working liguid level = 115mm
and inside pressure= 260 mmHg )
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DATA NAME : K026

Working Liquid Level : 115 mm
Inside Pressure : 56 cmHg
Heat Flux : 0.29 W/cm?

LHREH

B EAH

FPhoto. 3. 5 Steady experiment using a visible model of heat-pipe
{Heat flux= 0.29 W cm?, Working liquid level = 115 mm
and inside pressure= 560 mmHg )
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DATA NAME : K027

Working Liquid Level : 115 mm

Inside Pressure : 56 cmHg
Heat Flux : 1.18 W/cm?

EFE5H

g o AR

Photo. 3.6 Steady experiment using a visible model of heat-pipe
(Heat flux= 1. 18W,cm?, Working liquid level = 1156 mm
and inside pressure= 560 mmHg )
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DATA NAME : K028

Working Liquid Level : 115 mm_
Inside Pressure : 56 cmHg
Heat Flux : 5.97 W/cm?

Hp
s
i
Pl

%% e AT AR

Photo. 3.7 Steady experiment using a visible model of heat-pipe
(Heat flux= 5.97W,tm?, Working liquid level= 115mm
and inside pressure =560 mmHg )
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"DATA NAME : K029

Working Liquid'Level : 162 mm
Inside Pressure : 26 cmHg
Heat Flux : 0.27 W/cm?

7N

R 58 EFER

Photo. 3. 8 Steady experiment using a visible model of heat-pipe
(Heat flux= 0. 27W,cm?, Working liquid level= 142 mm
and inside pressure= 260 mmHg )
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DATA NAME : K030

Working Liquid Level : 142 .mm

Inside Pressure : 26 cmHg
Heat Flux : 1.15 W/cm?

eAEEH

ik e 2R w3

Photo. 3. 9 Steady experiment using a visible model of heat-pipe
(Heat flux= 1. 16W./cm®, Working liguid leve! = 142 mm
and inside pressure= 260 mmHg )

_29 —
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DATA NAME : K031

Working Liquid Level : 142 mm
Inside Pressure : 26 cmHg
Heat Flux : 5.89 W/cm?*

R A 2 IS

Photo. 3.10 Steady experiment using a visible model of heat-pipe
(Heat flux= 5.89W,cnf, Working liquid level= 142 mm
and inside pressure = 260 mmHg )
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DATA NAME : K032

Working Liquid Level : 142 mm
Inside Pressure : 56 cmHg
Heat Flux : 0.28 W/cm?

ERER

EEE B I

Photo. 3.11 Steady experiment using a visible model of heat-pipe
(Heat flux=0.28W.cm?, Working liquid level=142mm
and inside pressure= 560mmHg )

— 31 -
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DATA NAME : K033

Working Liquid Level : 142 mm
Inside Pressure : 56 cmHg
Heat Flux : 1.15 W/cm?

B HE

Bl # M

Photo. 3.12 Steady experiment using a visible modél of heat-pipe
(Heat flux= 1. 15Wcm?, Working liquid level= 142mm
and inside pressure= 56 0mmHg )
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DATA NAME : K034

Working Liquid Level : 142 mm
Inside Pressure : 56 cmHg
Heat Flux : 5.87 W/cm?

& g & R

Photo. 3.13 Steady experiment using a visible mode! of heat-pipe
(Heat flux= 5.87 W /cm?, Working liquid leve! = 142mm
and inside pressure= 560 mmHg )



JAERI-M 88-186

DATA NAME : K035

Working Liquid Level : 160 mm
Inside Pressure : 21 cmHg
Heat Flux : 0.27 W/cm?

eFEE

ek g A0 AFEA

Photo. 3.14 Steady experiment using a visible model of heat-pipe
' (Heat flux= 0.27W,/cm®, Working liquid level = 160mm
and inside pressure= 210mmHg )
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DATA NAME : K036

Working Liquid Level : 160 mm
Inside Pressure : 21 cmHg
Heat Flux : 1.15 W/cm?

2HEH

i 8 50 I

Photo. 3.15 Steady experiment using a visible model of heat-pipe
(Heat flux= 1.15Wcm?, Working liquid level = 160mm
and inside pressure= 210mmHg )
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DATA NAME : KC37

Working Liquid Level : 160 mm
Inside Pressure : 21 cmHg
Heat Flux : 5.87 W/cm?

e EER

B A

Photo. 3.16 Steady experiment using a visible model of heat-pipe
(Heat flux= 5.87TW,tm? Working liquid level = 16 0mm
and inside pressure= 210mmHg
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DATA NAME : K038

Working Liquid Level : 160 mm
Inside Pressure : 46 cmHg
Heat Flux : 0.27 W/cm?

E£HE R

ke £ A

Photo. 3.17 Steady experiment using a visible model of heat-pipe
(Heat flux= 0.27W.cm?®, Working liquid level = 16 0 mm
and inside pressure= 460mmHg )
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DATA NAME : K039

Working Liguid Level : 160 mm
Inside Pressure : 46 cmHg
Heat Flux : 1.15 W/ cm?®

2EEH

it i RAH

Photo. 3.18 Steady experiment using a visible model of heat-pipe
(Heat flux= 1.15W,cm?, Working liquid level = 160 mm
and inside pressure= 460mmHg )
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DATA NAME : KG40

Working Liquid Level : 160 mm
Inside Pressure : 46 cmHg
Heat Flux : 5.87 W/cm?

ER =R

i #E 5 EA

Photo. 3.19 Steady experiment using a visible model of heat-pipe
(Heat flux= 5.87W,tm’, Working liquid level = 160mm
and inside pressure = 460 mmHg )



