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Experimental Study on Mixed Convection Heat Transfer

in Rod Bundles
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School of Nuclear Science and Engineering, Shanghai Jiaotong University, Shanghai, 200240, China

Abstract: With the background of the low flow rate heat transfer in case of the natural
circulation in the reactor, the mixed convection was experimentally studied in a 5x5 rod bundles. The
experiment was performed at 6 MPa, the mass flow rate from 25 to 150 kg/(m*'s), the heat flux from
25 to 300 kW/m?, Reynolds number from 1000 to 30000, Buoyancy parameter from 2x 107 to 3x107.
It is concluded that with the increasing of the Buoyancy parameter, the heat transfer in rod bundles
was impaired firstly and then followed by enhancement. It is observed that in the rod bundle channel,
the influence of the buoyancy force occurs at Bo*=3.5x10°. Even when Reynolds number is higher
than 15000, the heat transfer could be impaired by the buoyancy force. An empirical correlation used
to calculate mixed convection heat transfer in rod bundles was proposed based on the experimental

data.
Key words: Mixed convection, Rod bundle, Buoyancy force, Heat transfer

2-5
0 [2-5]

5%5
[1]

2017-06-05 2018-03-14
1986—

[6-7]



Vol.39. No.3. 2018

14

L]

JEJ39875 1

F5i
— S — OO
R H R
kOO
1
Fig. 1 Scheme of Multipurpose Water Loop
2 :
T/C
30 MPa 10 t/h X
1.2 MW
2
Fig. 2 Configuration of Test Section and Measuring
1.2 Points of a Single Section
5%5
-625 10 mm >
1.33 2783 mm 9
8 1
) 6 MPa 25~150
2 2,
3 466 mm 450 mm kW/m 25~300 kg/(m”s)
2
12.9 mm
2
(8]
16 Nu
2b 90 D
Nu(z) = L I
18 A

25 mm,



15

z a(z)
9 2
1,o(2)—1,(2)
(v oy =y
2w )" T ur
h(z)
hz)=h +

a(z)=

23gnD,z
GA

4
1
1
Table 1 Uncertainty of the Parameters
P/ G/ .
MPa kg_m-z 'S_l Tb/ Tw/ q /KW -m Nu
2.17 3.22 0.47 0.40 5.89 5.92
/%
3
3 G=75 kg/(m*'s)
g=50 kW/m> 4
3
201 o Tws o Tws
a Tw v Twis

I
|
150 -
0.5 1.0 L5 2.0 25 3.0

L/m

Fig.3 Temperature Distributions for Different
Measuring Points

3 x/Dh Nu
4 Nu
X/Dh:23
X/Dh =23 Nu
Nu
140 g —a— Re=3500 Bo*=2.58X10"
ol —— Re=8200 Bo*=2.68X107*

—— Re=14000 Bo*=5.5X10"
——Re=19000 Bo*=1.1X10"

100 \

= M
60 |
40 b o
20 1 1 1 1 1 ]
0 5 10 15 20 25 30
Xx/Dn
4 Nu

Fig. 4 Comparison of Nu Distributions Downstream
of Spacer Grid for Different Cases

Bo*
« Gr'
Bo = R ppos 5

Gr' = pgDlq/(Av?)

Weisman Weisman
0.8 13
C
Nu = 0.042(5)—0.024 DG St
D 7, A
6
5 Nu  Weisman
Nu/Nugt Bo*
5 Jackson @2l
[ 7 1 Wu [4]
[ 8 ]
(046
*
Nu__|hsosxior— G | M
Nug, Re™™Pr™° \ Nug;
7
7046
*
Nu__|hs12x108 S0 | N
Nuy, Re™ ™ Pr™° \ Nug,
8
Bo*<3.5x10°  Nu/Nugr 1



Vol.39. No.3. 2018

16
3 —
’ 7
° igﬁﬁ //
5 - - - Jackson-|F & //
_14[703
Nu Nu
= 1—0.7><104Bo*( j 9
Nug, Upr
0 , , , | Nupr  Weisman Re
107 10 10° 10" 10 Nu
Bo*
5  Nu/Nugr Bo* 3r
Fig. 5 Nu/Nugt versus Buoyancy Parameter Bo* o SLIGMH
ey
Bo*=13.5x10"° Bo*
Bo*=8x107°
30% Bo* .
107
Jackson Wu ;
Fig. 7 Fitting of Mixed Convection Heat Transfer
Correlation in Rod Bundles
Bo*
6 Nu Re 4
Weisman Sx5
120
o Nu/Pr'”
90 — Weisman Weisman
2 T0p Bo*>3.5x10
&
3 Bo*
= 50 @ &
IR
30 1 1 1 1
1000 5000 10000 20000 50000
Re
6 Weisman Re
Fig. 6 Comparison of Experimental Nusselt Numbers
and Weisman’s Correlation Versus Re 4 m?
Bo*:
Re > 20000 ?
) Cy J/(kg K)
Weisman Re = 15000 P MPa
Weisman D: m
Weisman q: kW/m?
Nu 5 g m/s?
. 2,
Re>15000 G: kg/(ms)
Gr*:
h J/kg
Re Pr I A
Jackson L m



17

Re:
Pr

N
=

a: W/(m*K)
p: 1/K

n:

Al W/(m- K)
W kg/(m- s)
v: m%/s

b:

e:

h:

in:

out:

i

o:

w:

FT:

[1] Wibisono A F, Ahn Y, Williams W C, et al. Studies of

various single phase natural circulation systems for small
and medium sized reactor design[J]. Nuclear Engineering
and Design, 2013, 262: 390-403.

[2] Jackson J D, Cotton M A, Axcell B P. Studies of mixed
convection in vertical tubes [J]. International journal of
heat and fluid flow, 1989, 10(1): 2-15

[3] S He

[C)/ 2004
, 2004.

[4] Wu T H, Xu Z, Jackson J D. Mixed convection heat
transfer to water flowing through a vertical passage of
annular cross section: part 2[J]. Chemical Engineering
Research and Design, 2002, 80(3): 246-251.

[5] > 2 > M

[ ,2016(4):138-141.

[6] Hallinan K P, Viskanta R. Heat transfer from a vertical
tube bundle under natural circulation conditions [J].
International journal of heat and fluid flow, 1985, 6(4):
256-264.

[7]1 EI-Genk M S, Su B, Guo Z. Experimental studies of
forced, combined and natural convection of water in
vertical nine-rod bundles with a square lattice [J].
International journal of heat and mass transfer, 1993,
36(9): 2359-2374.

[8] Todreas N E, Kazimi M S. Nuclear systems: thermal
hydraulic fundamentals [M]. USA  CRC press, 2012.



