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Experimental Study of Mixed Convective Heat Transfer
in Narrow Vertical Rectangular Channel

(Second Report, with water gap of 2.5 mm)
Tohru USUI*, Masanori KAMINAGA and Yukio SUDO™T

Department of Research Reactor Operation
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received March 1, 1988)

During some anticipated operational occurrences and accident condi-
tions, which were posturated in the JRR-3 safety assessment, there is a
case that core flow decreases from steady-state downward forced ceénvective
flow to zero flow and at last becomes upward flow due tec the natural cir-
culation induced between the core and the reactor pool, that is, core flow
reversal occurs. During the core flow reversal, the mixed convective heat
transfer becomes significant. 1In this case it is important to understand
the heat transfer characteristics of the mixed convection to evaluate the
heat transfer of the fuel plates.

To investigate the heat transfer characteristics of the mixed con-
vection, heat transfer experiments were carried out using a vertical
rectangular channel with water gap of 2.5 mm, which was nearly equal to
that of the subchannels of the standard fuel elements of the upgraded
JRR-3. In conclusion the heat transfer correlations which can be applied
for a narrow vertical channel in free, mixed and forced convections were
obtained. The range of the mixed convection region was identified by the
non dimensional parameter er/Rele/BPrlfz. It was confirmed that in the
mixed convection in a marrow channel, the influence eof the acceleration of
the main flow owing to the development of the boundary layer played a
important part in the promotion of the heat transfer, compared with the

case along a flat plate or in a wide channel,

+ Department of Power Reactor Projects
* On leave from NIPPON KOKAN K.K.
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. Table 2.1 Experimental Conditions

1

Flow Channel \ 750mm1 ong X S0mmw i de X 2. Smmgap

Heating platei§750mmrong><40mmwide><1mmthick

|

Heating Mode %5 Heated from both sides
|
Coolant j Water
Pressure i 0.1MPa
|
Filow Directioni Upward and Downward
j forced convective fiows
Mass Flux || 1.2X10t~6.0X10%kg/m’s
Heat Flux || 1.6X103~4.7X10°W/n?
|
Infet Vater | 283~303K
Temperature ]\
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—~UPWARD FLow ~ ELECTRORES ~UPPER
~--~ DOWNWARD FLOW  TEST 1
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Fig. 2.1 Schmatic diagram of test rig
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Fig. 2.2 Test section




qW/m?

qW/m?

JAERI-M 88 —075

5 xd, = 33.1mm TUBE

10
(a) UPWARD FLOW

10° F KENNING

et al
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|
AN \{\\\\'\\B>

|
A
4 /R(NE E ‘\\Q/
L yy’
|
I .

10° o' 1’ 10!
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r wxd,=98.4mm TUBE
(b) DOWNWARD FLOW
I
10— & \\\
| kK \Q \\
JACKSON et al ‘
P AN
104 1: /%<<< : AN
| ]
A&f A\ i
g% 10" 10° 10
Uo m/s

Fig. 2.3 Range of present experiment
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31 Nuy vs. Rey

Fig 3.1 %, #EbmS LRFOEESOERFT— 4%, HEc Nu,, B#CRe, &L 0mR L
b EDTHD, T— 5L, AER—DORE C&EIT, Bliot v vy FrtHOTRLE, ot
¥, PIFIC R ERiiE s n - EEEAC S 2 MESAMZ TH 2,

R I 5 ALk e e L O
Nux:[HEQGRegsPr/’{1+164PE+QR8?M(Pr—1)} (3.1)

CEAR i Sl nsEziem o

1 1
Nu, = 0.458 Rex/“’ Pr/3 (3.2
" . . . . . 1m
(FEER TS BEEHELREEECBE L )
Nu, = 0.568 Ra, (3.3)

EE T — 713, Re,D#INd 5ioN, Ra, DEEMSEDL T, KB EE
(R (3.1)) THME S /o Nug iU L TIT S A R $. — 4 Re o538 ic-h, RA, O
BEHH O DN, TNEFNORAE, £ 5, ALk H BTRAGERML (X (3.3)) TIHMES 217 Nu,
A3 T A% R T

Fig 3.2, BEMASTRAROBEOERF— 9%, Fig3 1 LABCRELESDTH D,
AR Shn2E LS CTRROERT — ¥ &, LEROLOLE LERF TR,

32 Nu, vs- Ra,

Fig 3.3 '3, ®WESwmS EEHOBADER T — 5%, 4T Nu,, BHic RA%2 L 0RLE
HOTHAB, T—21F, BFBIEE-DRe, L, BRIy EVEHENTRL . HEDRD
(313, ®03.3) B4 ULT IR TR OBIZEERRIT & 2 5B AMATH 5o

(BEERCRS AhenEracecg LY
Nu, = 0.587 Ra,>® (3.4)

HERF - 4 (2, RaDEME 30N, Re, DEEAED LT, ELikH ik EEM
(K (3.3)) TEHE S 17z Nuy il LT BAIA RS —75 RA, 23804 31 5h, Rey
DEEHE i, TRENDEI LA ) VEH Re, b 5 EL ARSI AGEEERE L (X (3.1))
TS NFe Nuy AE50 T  Eml% R,

Fig 3.4, BHEHAHP TRKOBEDERT — 4%, Fig 3.3 LAKIKRLEZLDTHZ,
A5 S hhsd 5K FRAROERT 4 5, FRHEDSOLELEES T,

_9_
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LA T OERR 7~ 7 2B T 5 - 0RB a8 LHES LTH, Jackson HOF
B srogtonnt vs s,

Jackson 512, A% 98.4mm 5.k U4 E 7000 mm o FE AT EE BT, kAT L
LTIT- B EEROERIC L L0, HIEhHEROBGEBERER S L TREEREL -,

Nu/Nus, = [ 1+ 4500 Gr/ (Re®®pri/?) |03 (3.5)

1ofl LB RO Nur, RS FGE L calmsadmc 4 2 8mEEpERc I 0 Sfman 2

R G, Jackson SREPITICRY Petukhov—Kirrilov @fimi‘ﬁﬁb‘fco
Nug, = ({7 2) Re Pr,” [ 1.07+12.7VF,7 2 (Pr*= 1)}
(3.8)
f = (364 fogw Re—328)7¢ _

H(3.6) ITE D, @hFEE, LENRARS £ 0 miERic i /- 5 A7 EER 7 —
YEABIT LT EI5TE B

b5 1, SIS 18 mm x 50mm 3 & V8 750 mm o BE ARG E AV T, K
LRSI NEEE LS ORZEERA T - /-, KO ORI, Jackson 5O &M
HARTH@ANERS NS0, WoRBECTEONLERT— v 283 mic, £ (3.5)
FEIELEIREAREL 17,

Nuy/Nugr = {1+ 4500 Gry ~ (Re, ™ Pr')** (3.7)
#(3.5) oMEER, BRTHOBKEAPNENREEE LT, EMKHER de DAHD
CHEBA LIS S DS x 2808 Lo AE, TRy, EB35E 0 Nues % 5154 2 BUmE 658
HELT, # (3.1) #HOB LS LAATS 5,
FhEo R, AEEROEA» S SR oDER T — ¥ OBELHAL, BEREA L LT

Nex /Nuxn = | 1+ 0.002,7(Gr, ~/Re, > pr*® (3.8)

REFEDOENHIL, K (3.7) LELTHBL, LD Nugn % 5HE T 2 2R
LT (3.3) B\ A,

Fig 3.5, & (3.7) BEOR (3.8) %, FHHIC Nu, Nuxn %3013 Ny, N » B
B Gry/Re, " Pr7" £ 2 NFHEDTLESDTH B, 00 TRENCE » 7 BIKGL T A —
51k, BHOHER (Gr,) L&HMFOME (Re,, "Pr'™) DHTHN, ¢ OEHAZE S
NOMESERIICAE C, —F/DEFOE SRR ODRPEHUICAI OV EEH S DT,

®(3.7) 20T, Gro Re ™ Pr'’ S8l & VB4, Nuo Nugn 21231 TH 5,
Gro/Rex "Pr?#S107" #2258, Nuy/ Nues (21 L 0OKECED, Gry/Re, " Pr/
HINE 512 o 2 OB ICEng 2 EHE%E R,

-5 (3.8) TOWTi, Gro Ree  Pr’° MHEE/NS OIS Nuy,/ Ny 21 E DK

21/8 1/2

& {, ZOMIEGry Rey Pr*omimic# BB LT, 2 LTG0, Re, "  Pr
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34 Nu/Nu, vs. Gl'/ReZI/SPr]/2

Fig 3.60, HEdHRSLAEROESOERT— 7%, H#ic No/Nug,, ##icGr /R
Pri® % & i, BMGE, HEOEDE (3.5) CLEZFHESHIHECHE TV B, 1/
L, (3.5) A3 Nug, 1258 (3.6) Omd 0 i R T L 7.

0.4

Nug, = 0.023Re *° Pr (3.9)

BERT—41, TOReCEIDEDSN, ReM2x10° PTDLDIIAT, RedS2x10°%
ZZ23x 10 PTFos&0%[)T, 3/~ ReM3Ix10°F2 222600 TRINTVS, BLEDK
ST, BRI B AERE, ERESL UEABICEnENELT A, AT -7 CidHA
A OMES TR SHEED & DbAENA LD, T THRENThOEESERE, B
BLUEHEBoHIn T L, BTFLEEATLRTEHL,

Blic 25 &, —HREINCRe 2 x10° BIFD 7~ 413, Gr/Re" " Pr'” »i sy k& WiaEBIC
Bih, ReM3x10° 222603 Gr/Re " Pr'”° ASHEN/NS OHEEICEON S M 34
b, Redi2 x10° PITF7— 413, ABHECECHE S DS SHEmAs <, K£(3.5)
MEHRELANTVE, DELHEDREEE, ABMECEVT, Rz EREOFERA
HOEAERES TV nE Bhn b,

— 5 ReM3x10° %2257~ 5i1t, o oSMHENIE(, RN(35) Ebk{—HLT
VWh, 2HReM2x10P R CAIX W BTOF—2id, & (3.5) #A{ VT EbIEMER
£

Fig 3.71d Fig 3.6 SR UBHEEIC LD, TRHEDT - 4% /T 6D TH 2, 7— 7 DRI
Fig 3.6 TERFEIXODVWTARNALSDERLETH 5,

PIb, AEBEAETH Re SHEEHIAS <, Gr/Re” "Pr " BUE/NS LT — 7 R &,
35X BHBRIEAE D,

35 Nu.Nu,; vs. er/ReXZI/SPr V2
Fig 3.8z, #HHELEFROBAOERT -7 %, HMT NuNuyn, I Gr,
Re?*Pr Pk L 0Fd, EEGcE, HEOrnR (3.7) 2k 2FMELHHE THE T 4,

Fh&EF -4 DOXSEFig 36 B8LUFiglTObDERETHE,
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Fig. 3.5 Heat transfer correlations presented by Sudo et al.(7)
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Fig. 4.1 Distributions of temperature along the
flow channel in forced convection region

{(Upward flow)
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Fig. 4.2 Distributions of local heat transfer coefficient

along the flow channel in forced convection region
{(Upward flow)
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(a) Turbulent flow

Fig, 4.4 NuX Vs,

(b) Laminar flow

ReX of forced convection flow (Upward flow)



JAERI—M 88— 075

5 I = T T
DOWNWARD FLOW
2r 933 7 7
10° -
=
=
5 -
er /RexEVSPI,VZ
2 22,4100 ~ 1151074
= 3 3
102 | Rege 2‘.9x10 5|.1x10 5
2 5  10° 2 5  10f
Rey
{a) Turbulent flow
2 | 1
DOWNWARD FLOW
10°
5
il
=
2
. | Gry /Rex?/8pr!/2
10 =36x10% ~18x107
5 7E0.33 Rede = 1.4 x10% ~ 1.5 x 103

1ot 2 5 To 5
REX

{b) Laminar flow

Fig. 4.5 Nu  vs. ReX of forced convection flow (Downward flow)
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Fig. 4.9 A distribution of temperature along the
flow channel in transition region
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Fig. 4.10 A distribution of local heat transfer coefficient

along the flow channel in transition region
{(Upward flow)
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Fig. 4.17 Distributions of temperature along the tube
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