Forced flow heat transfer from a round wire in a vertically-mounted pipe to supercritical hydrogen
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BACKGROUND HEAT TRANSFER CORRELATION
When a superconducting coil wound by cable in couduit conductor N
=l We have alr resen he followin rrelation which
(CICC) is cooled by hydrogen under a supercritical pressure, an : SH S > Thermo-physical properties of fluids remarkably change for /e Nave a e?dy presented the OTOWIng corre at.o ¢
_ . - _ ’ i - 1 o] , _ , consists of the Dittus-Boelter equation with a correction factor
extraordinary heat at an accidental condition will be cooled smoothly — e — N the fluid temperature higher than T, . F to express the degradation of heat transfer due to the
without a jump to film boiling. For a design and safety evaluation of such & T | - > Thermal boundary layer with T > T, would graw near the growth of thermal boundary layer
. < ~ tCo-wire . . .
a superconducting coil, experimental results of forced flow heat transfer | o /PEW"G 1E e inner surface of the test wire. The growth of the boundary
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P .. 5 COT, XP L : 3| = ¢=t2mm “ B Channel diameter layer would be the cause of the degradation of heat transfer. NUp. = 0.023Re%Pr 'E (1)
under supercritical pressure with inlet fluid temperature lower than the “| BTl Shanne! diameter - | T e ‘
critical temperature is necessary. B =\ 2 ; A Fe =[1.0+108.7(L/ D) “T"*[1+0.002(AT. / T.
P y S ‘\ Voltage tap | /\vmtagetap Comparison of the Heat Transfer under Supercritical Pressure =1 ( . )] 517 (AT /Tor)]
INTRODUCTION cravy | ZT® Curentlead (cu LR with that under a Pressure Lower than P,, X(Pw ! pin)"" (tin | pow)” (2)
. . . . 4 Hydrogen flow Gravityl = U —  Current lead (Cu) where
Shiotsu et al. [3] studied the heat transfer from inner wall of a vertical tube Hhdrogen fion | — A Y/(T —T D - equival
f dﬂ fl h d d itical T er Pr:Cptuin/ﬂ'in’ Cp _(h/v_ in) ( W in) » Ue: €qQUIVaA ent
to forced flow of low temperature hydrogen under supercritical pressures Type A Type B O L L B diameter, L: heated length, h: enthalpy, o density,
for the test tubes with various inner diameters and lengths. Their _ Dbz 4.5 mm | 1: viscosity, subscripts w and in mean at wall and inlet.
: : : Schematic of test heater blocks. L =545 mm
experimental results were compared with the equation of forced flow heat A .
transfer under supercritical pressures presented beforehand [4] based on L 10° uZems - ;0 see thehapp"cab"'tNV of °;_r52rr;'f'lt'°"':'l')the e":e"me“ta'
. . . . . £ - u. -Pr - , '
experimental data of helium and conventional data for non-cryogenic fluids. = : cg:paarssso::vv:;::he eqt[;;tion (1) Srh:e’:e dgt; g:aepfo::he
: : : RESULTS AND DISCUSSION = | '
It was conflrmed that the eo!uatlc?n can be applléable to forced flow of otk : 1 g — Reynolds numbers ranging from about 1.8x10° to 2.9x105 .
hydrogen in heated tubes with wide ranges of diameter and length. [ S O R ] [ . —-P=11MPa Most of the data are within +35 % and -30 % of the equation.
In case of CICC, heat is transferred not from inner side of a tube but from a Db A e DA | - - -Dittus-Boelter Eq Though the error band is relatively wide due to the fluctuation,
|
round wire to outer flowing fluid. The purpose of this study is firstly to - 103100 —— ""1'01‘ —— ""1'02 — this correlation would be useful for a cooling design of HTC
obtain the experimental data of forced convection heat transfer from a -_— — ATL[K] systems where relatively low temperature range is important.
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roun.d W|-r.e to supercrltlc:.:\I hyd-rogen, and seconc.jly to cor.mflrm the  Type A Heater 6.2 I I o
applicability of the equation with the use of equivalent diameter. — P = 1500 kPa ;.23 " Type B Heater | | | ] ) o
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- H ;-—Hem- ’ Brvios ] Qg Gie clstera 10°F Tvoe B Heater ‘ ] Typical heat transfer curve of super-critical hydrogen for the
— Lo ' L P :pl500 kPa ~.-867 ] Type A (upper) and Type B (lower) heater in comparison with
Main tank Sub tank ‘ i h : - ’ ll CONCLUSIONS
—— PI1003 Turbine Dome -loaded Tin=21K : 270382 those under below critical pressure.
0o 1 e = | P Lol > The heat transfer coefficients are higher for higher flow
PVI06 “eed hvdrozen gas line PVI110 — g™ L= - . . .
ecdivdrosen e 8 GH, clustered £ 10% L0073 - : : velocity. The heat transfer curve for each flow velocity consists
Pvit R = : e T T ] » The boiling curve with the same flow velocity at the pressure of of a region with a higher gradient and that with a lower
- — 1 2 z : 1.1 MPa, which is slightly lower than P_., are shown in . : _ ..
> The mass flow rate is estimated by the weight change of the main tank, which is put on a scale = f 2 "M i Flow Velocity . ith th gth Y q °r itical 15 gradient. The highest temperature limit of the former region is
that can measure up to 400 kg within 0.002 kg resolution. 10 éy .;..w —=8.67mls 7 comparison wi € those Under supercritical pressure, L. slightly higher than T’ of the fluid at the pressure.
»>The test heater was heated electrically by using a direct current source (max. 400 A at a power i —— ig% mﬁ . MP:. . i . " " 4 it » The heat transfer in the former region agrees well with the
I;‘f' of 4.8 kW). £ oh " by res ) . ----- Authors' Eq. ——0.73mis In the region ;’_\f erﬁ Ar;r‘ 'S fcI)wer thant e.rfse:l o-critica Dittus-Boelter equation and becomes lower than the equation
e temperatue T, the heat lu at superciical pessur with further ncréase m wal temperatire
T " : AT [K] |ncre.ases Wit .an Increase o eat. input along with t e.curve » The experimental results were compared with the authors’
radial direction of the heater using the measured average temperature and the heat flux. predicted by Dittus-Boelter equation. It agrees well with that
. . . . ' equation of forced flow heat transfer under supercritical
{ Experimental Condition ] »The heat transfer curve for each flow velocity consists of a region under below criitical pressure. pressures. Mostl of the data for Re,, from 1.8x10* to 2.9x10°
Pressure: 1.5 MPa with a higher gradient and that with a lower gradient. > In the regions where AT, is higher than T", the heat flux at are within +35 % and -30 % of the e;uation.
Inlet temperature: 21 K rT.T::e hlﬁhest’temperature limit of the former region is slightly supercritical pressure is higher than that at below critical > It was confirmed that the equation can be applicable for a
Flow velocity: 0.7 to 12.6 m/s igher than T, . pressure central wire heater in a conduit. This would be useful for a
Test heaters blocks: >Heat transfc?r curve tends to oscillate and becomes better at the cooling design of HTC systems where relatively low
Type 1 : PtCo wire 1.2 mm dia, 120 mm long in 8 mm dia. conduit AT, of approximately 100 K. temperature range is important.
Type 2 : PtCo wire 1.2 mm dia., 200 mm long in 5 mm dia. conduit




