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Experimental Study on the Two Phase Thermosyphone Loop with
Parallel Connected Muitiple Evaporators under Partial Load and
Low Temperature Operating Condition
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ABSTRACT: Two phase thermosyphone loop for electronics cooling are designed and manu-
factured to test its performance under the partial load and low environment temperature con-
ditions. The thermosyphone device has six evaporators connected parallel for the purpose of
cooling six power amplifier units (PAU) independently. The heater modules for simulating PAUs
are adhered with thermal pad to the evaporator plates to reduce the contact resistance. There
are unbalanced distributions of liquid refrigerant in the differently heated evaporators due to
the vapor pressure difference. To reduce the vapor pressure differences caused by partial heat-
ing, two evaporators are connected each other using the copper tube. The pressure regulation
tube successfully reduces these unbalances and it is good candidates for a field distributed
systems. Under the low environment temperature operating condition, such as —307C, there may
be unexpected subcooling in condenser. It leads the very low saturation pressure, and under
this condition there exists explosive boiling in evaporator. The abrupt pressure rise due to the
explosive boiling inhibits the supplement of liquid refrigerant to the evaporator for continuous
cooling. Finally the cooling cycle will be broken. For the normal circulation of refrigerant
there may be an optimum cooling air flow rate in condenser to adjust the given heat load.

Key words: Two phase loop thermosyphone(24 &% <338 <dA}o]E) Electronics equipment
cooling(d 34 Wzl), Partial load condition(3-&33}=
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Table 1 Eperimental condition of a refrigerant charging height

hy [mm) F,| T [m*/min/T] . [mm] Q,[kW]
300, 240, 180, 120, 60, 0, —70, —130,
~170, —240, —470, —490, —520, —580, 34/50 1020 3.4
—620, —650, —690, —740, —770

™ Refrigerant Charging Height ( %,) : The distance from bottom of condenser to free surface height
of Refrigerant in condenser.
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Fig. 2 Schematic of the experimental apparatus.
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Table 2 Eperimental condition of CASE 1

2AYH AT 1055

Table 4 Eperimental condition of CASE 7~9

h F,/ T, k. hq F,/ T, he
CASE [mm] |[m¥min/C]| [mm] [kg\l;] CASE [mm] [m3/rr<in/°C] [mm] [kQVG]
1 —650 | 34/50 1020 34 7 off / —30 49
8 —650 | 20/-30 | 1020 49
Table 3 Eperimental condition of CASE 2~5 9 off / —30 34
case| B/ kel FolTa oo o) i Ve Astte gzane 2aE4 2e A4, v
mm] | /min/C]] ™ w Open dol & Zuwlg W] fE 2wl Abole
2 573(#5) | #4 & #5 T2 54 1437 A5t} CASE 29 o]
3 588(#4) | #4 & #5 7] g69] WulSYWEE @3 Ro ZE5 45
4 _1%2((;/ 34/50 | 828(#4) | #4 & #5 o] MYE TFc qHExdEaHnE 1@ 9
5 S75(#4) | #4 & #6 3to] CASE 3~63 zZo] Wul4ang s)ds)
6 825(#4) | #4 & #6 T 2o FE7] B ZFAN AHdAM 28
ste] o AdE HlwslP). EE, BREREE A3
A2 25 97FA] Ao diste] 3o o A, YU E 50T, ANEEE 16%2 &
Table 29] CASE 1 A44e &3z 03 AgAx, old wet &7 FdEE $AdF
Ygoz Axdsl 442 A% 48 AT /8 SEE 50T WARAY $3¢ WY
slsted ST AAF2M 228, TEAM $3719 A of
Table 39) CASE 2~6 % 571# HA$E £ & AEE Wi AEFEHL 9 34mY/ming
B3 gRxe) B APoR, Fuy) 4ot 46wl He W FAFE 24sY
¢ ddse gAzuBY SARLS 95t B Table 4= A& 1z AYO2Z CASE 7~
o £E71% 4¥AeR HEAY 4P £ 94N A AL AT YreRE -3
st &, dEzAdde] EFEHS A 27 T, BdEEE 483%2 FA3xn, 443719 &
o] Zu7)Q #49) #68 FHzARoR A, ZFol W 24 e HAH 20m/mind H S
7] e dExFAcE AdAR gL A ¢ AE FAG AN AAdF Pz oiF
oA FEV] #49 458 F7 LFEA )= Bl A AHE FA3AY 2o £F0)e 67 EF &
¥4 5o F23 ¢¥zdAY Adnoto) 7% AT A E ZAFA7)n, F Rl 49kWe 34
stm 2 ol9lol Zwly| #1 #2, #3& WmlSiwE kW F Z--o st dF3tH o)
T EgoRA YA wAss
Fig. 49l #8328 A3A Ao fdus o 3. 4gdn U g9
Mot e FEI #AFA4EH 2 wgas ©

CASC (2} : Qp-B25%
CASE (%) : Qp=57%%
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»

CASE (4) : Qp-573%

Fig. 4 Configuration of valve on/off status with
pressure regulation tube.
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Table 5 The experimental results of basic op-
erating condition (CASE 1)

Parts Position and values
Inlet T, 50.3C
Cooling air [Outlet Teo 55.3TC
Flow rate F, | 34m%nin
Inlet T, 55.7C
Evaporator | Outlet T, 56.3C
Liquid height h, 2473 mm
Inlet T, 56.5°C
Condenser |Outlet T, 56.3C
Liquid height h. 630 mm
Switch on parts #1--#6
PAU Loaded heat Q, |57x% ikW
Base plate Ty 71.57C
Component Ty 82.2°C
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Fig. 5 Temporal variation of the component
temperatures for the CASE 2, 3, and 5.
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Table 6 The experimental results of partial
load operating conditions (CASE 2-6)

CASEs| 2 3 4 5 6

Q[wl| 573 588 828 875 825
(PAU) | #5) | #4) #) | ) (#4)

plbarl| 190 | 191 | 190 | 1.90 | 2.00
T;ICl| 517 | 51.8 | 506 | 517 | 523
T,ICl 540 | 542 | 541 | 551 | 548
o [rnm] 285(#4) | 175(#4) | 125(#4) | 191 (#4) | 201 (#4)
112(#5) | 235(#5) | 275(#5) | 225(#6) | 230(#6)
T,{C]| 527 | 528 | 526 | 530 | 534
T,ITCl| 525 | 527 | 525 | 529 | 533
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Fig. 6 Temporal variations of the component
temperatures for the CASE 4 and 6.
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