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Pemenue cucremst ypasueruit (1)-(14) ocymecTsisiig YMCICHHBIMA Me-
To/laMu. Aropuim pacuera ofecrieauBact OlNpPeNeNeAUe PACIPeNECIHs TeM-
reparypsl O TONIUMHE YIUIOTHMCMOIO YIVIEPOANONO KOMIIO3UTA, M3MEHCHHS
KOHIIEHTPAIIAK PEAKIMOHHOTO 1a3a I10 TOJNIIMHE CTEHKY JIAMHOIO Matepuana u
€10 ILIOTHOCTH.

Tecronmvu pacueramn Ha [IOBM s npuposmoro rasa cocrapa:
96,30 % C11y; 0,50 % Colls, 0,35 % Callg, 0,05 % Caldio; 2,0 % I, 0,80 % N, a
LOKIKE HAYAILIION TIOTHOCTH KapOoI30Baniiorne yriepoHoro Marcpuaa po =
1,09 1/eM”, yeTaHOBICIIO, WTO 13 NCHTPE M3/ICIHST IWIOTHOCTH YILIOTICIHOIO Y1
JIEpOHOTO KoMnosnta 1a 3...4 % nmke, uem 1 obiacti 06oux onepxroctel, a
CC paclpCICIICHHE 110 C1O TOJUIMAIIC COOTBEICTRYCT pesyapraram paborst [1].

Pesyimrars OKCICPUMENITAIBILIX MCCHC/OBAIMI 1poneeca Y IO THCHAS
YIEPOJUIBIX KOMIOBHTOB B CPCJIC UPHPOJ(HOIO 1438 HOILBCPUMIM JIOCTATOHILYIO
TOYHOCTH PazpaboTaloi MoJICIH.

1IpoBe/ienHoc HCCIICIOBAIMC LIOJTBEPKACT JIOCTOBCPHOCTD UPC/UIOKCH~
1o Mozestn HopMUpOBanMS 1DIOTHOCTA YINCPOJWUBIX KOMIOIUTOR K3 1A30B0K
(a3t ¥ e UPAMCHHUMOCTD LISl KONHUCCTBEINION ONCHKA PACHpC/CIICHIS 1UI0T-
HOCTH MATCPHANA 110 TONTAIIC CIENKU 3a10TOBKM UPH €¢ YILIOTUCIIMK B yCIO-
BHSX TCPMOL'DAJCIITA.
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HIGH-PERFORMANCE COMBINED HEAT-TRANSFER
SYSTEM OF EVAPORATION-CONDENSATION TYPE

The design of combined heat-transfer system of evaporation-condensation
type is proposcd, consisting of {raditional heat pipc and the plate united with
pulsating heat pipe attached to its condensation zone. This design allows
reducing the total thermal resistance and increasing the heat transfer vate of the
system in compatison with the heat transfer system, consisting of traditjona] heat
pipe and radiator plate.

Keywords: heat pipe, oscillating heat pipe, combined heat-transfyy system

Due to high heat-transfer characteristics heat pipes (HP) are widely used
i different ticlds of tochnics |1, 28-43). In most cases heat-transfyr de{cm
based on heat pipe includes heat supply elements in heating zone of Tip ﬂnilhlwé(
removing elements in condensation zone. Thermal resistance of heat {rynsfor
from LI condensation zone heat-release surface to cooling medium is the me‘tior
part of thermul resistance of such systen. Part of heat trunsfer thermal resistance
s extremely high in conditions of air natural convection. That is why dc(;n;ﬂ\‘ing
of this resistance is actual for increasing of efficiency of all heat-transfey s\ygt;;m

Finning is one of the simplest methods of reducing of thermal l'csi'sumcé
of convective heat transfer. For this purpose radiators of different types are
mounted on heat pipe’s condensation zone: plates, pins, fluted tapes, wiyes ete
Because of finite length of TP condensution zone it is necessary to inc,wuls‘c 't'u;
length for extending heut-release surface of fin. But due to bounded thermgl
conduetivity of’ fin material increasing of its length provides decreasing of it
cificiency and reduction of heat output. ~

The aim of this work is searching of new high-performance construetions
which provide increasing of amount of heat transferred by evapm.atior;:
condensation type system based on HP with flat plate fin at defined temperature
difference between bottom ‘of fin and ambient air in conditions of natural
convection.

To achieve this goal new combined heat-transfer system of evaporation-
condensation type is presented (fig. 1). Its feature is combining of fly plate 2
with oscillating heat pipe (OHP) 3, effective thermal conductivity of which is
noticeably higher than of plate material. '
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Fig. 1. Design of heat-transfer system of evaporation-condensation type
based on IIP with. flat plate fin (a) and combined system based on finned 11P
with OHP on the flat plate fin (b): 1 - I1P; 2 - flat plate; 3 ~ OHP; 4 capillary
wick; 5 - L1 shell; 6 -~ OLIP shell; 7 - solder

Comparison of heat output Q estimated for HIP with metallic flat plate fin
and for proposed system with Ol in conditions of natural convection at
different temperature drop is presented on fig, 2. Fstimations were carried out
for following conditions: {lat platc dimensions 130x105x0,8 mny; materials of
flat plate fin - steel, copper and aluminum alloy AMgS; thermal contact of OITP
heating zone with HP condensation zone and plate is ideal; temperature
difference between bottom of fin and ambient air (temperature drop) from 10 to
50°C; ambicnt air temperature 20°C; heat-transfer coefficient of air natural
convection 8 W/m* K.
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Heat output of HP with plate and without OHP was estimated by

correlations from [3, 48]. Heat output of system with OHP was calculated as
ratio of temperature difference between bottom and top of plate and total
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thermal resistance of plate and OHP. This total thermal resistance was estimated
as resistance of two parallel resistances: thermal resistance of plate heat transfer
and thermal resistance of OHP. The latter with respect to previous authors
researches was assumed as 0,5 K/W.

As evident from fig. 2, presented design of new combined heat-transfer
system of evaporation-condensation type based on conventional heat pipe with
fin in the form of flat plate with oscillating heat pipe on it provides considerable
increasing (from 4 to 20 times) of heat output in conditions of air natural
convection and defined temperature drop.
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Boicoxosdpercrnpiias  €oMOUUNPOBANIAN  YCIUONCpeRatontas
CHCTCMA HCHAPHTCILIIO-KOT/ICHCAIMOULOTO THHA,
Avnorawus:  lIpejuiokernia  KOICTPYXIWSt  koMGHumponanmolt

TC]IJI()IIOpO)(ﬂI()chh CHCTOMbI ACHAPHTCILHO-KOIICHICANHO N 01O THHA,

COCLOANIAs M3 TPAMIMOITION Temonoit Tpy6hl 1 1PHCOCIMIICHIO) K ee s011c
KOUJICHCAIMY 1UIACTAIIEL, COBMCIICHIION ¢ 1y IhCANMOIIoN Totionoit tpy6Goi,
HO3BOIKIONIA  CM3MLh  OOMEe TEPMUIECKOC CONPOTHBICHUC chereMbl . u
YBESMATh OTBO)WMMKH TeINIOBOY 10TOK 10 CPABHENNIO ¢ TejuloNepe taromei
cueTeMOM, cocronmed w3 TpaiuIwounol Teronol TPYGH u paaToproi
TIACTHHDL.

Kumovienmie cirona: reniosasi 1py6a, 1ynLealiuonias temiopas 1py6a,
KOMOHHUPOBATILIAY TCIUIOTICPEIAIONTAS CHeTSa.

151




