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Experimental Study of Flow Resistance for Inclined Tube Bundles in the
Intermediate Heat Exchanger of Liquid Metal Reactor
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Abstract

An experimental study of measurement of pressure drop in an inclined tube bundle located
in a rectangular duct is performed. The main emphasis of present study is placed on the
derivation of pressure drop correlation applicable to the design of the intermediate heat
exchanger in a liquid metal reactor as well as in the general heat exchanger. An experimental
facility that can measure the pressure drop in a tube bundle is designed, manufactured and
installed, and the pressure drop is measured varying the flow rate and the test sections that
have different inclined angles. Measurements are made for pressure drop in a triangular tube
array of P/d=1.6 and inclination angles of 30, 45, 60 and 90 degrees. The Reynolds number
based on the inlet free stream velocity and tube diameter ranges from 900 and 6.5%x10%. The
experimental data show that the magnitude of dimensionless flow resistance increases with

the increase of inclined tube angle. The measured data are compared with six previous



correlations available in the literatures. The agreement with previous correlations is generally
good except some discrepancies in a certain region. It is found that the experimental data
obtained from present study can be applied to the evaluation and modification of previous

correlations.
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Table 1. Uncertainty estimates

B S Ukgss
Re 0.50 0.15 +0.58 %
f 2.23 0.29 +231 %




Table 2. Crossflow correlations

y _ 2DSR. (90" )
ST oKl
Reference Total Drag Coefficient Range
b 180 Dﬁ 0.4 SL' 0.6
Gunter = (Re,/s,) ( ) ( Sy ) (Re,/5,)<500
and
1.9 S\ 500< (Re,/8,) <200, 000
Shaw b, = 4(12@ 15,)0 1% ) (ST)
4.0 D,\""* 0.1175
Jakob | b+=7 Ret,/at,)o‘lﬁ( ) ( B )[0-25+ s, ms} 5,000<(Re,/8,)<40, 000
(1)
106
Chilton b1 ="Re,/5) (Re,/8,)<100
and Re,\/ Sr—d
3.0 D, \"? 100<( )( z )<20,000
Genereaux b, = (Re, /o) ( So— d) o D,
Idel"chik y " d > d 3,000 (Re,/3,)( - <10.000
+ (Ieeu/é\d)oz7 !
Ebeliing= p, = 600" 1,000< Re,< 10,000
Koning T (Re,/8)"" ' o
ESDU b= fn(Re, 2L, -2 L) 2.82¢ Re,<2.82x10°
L




Table 3 Normalized drag flow resistance correlations.

Reference Normalized resistance
Idel’ chik 0.15( 30" ), 0.38(45 ° ), 0.71(60° ), 1.(90°
Ebeling-Koning (1) (sin6)"*
Ebeling-Koning(1) (sin@)*
Rx(6 C m
RX(XT(OO)) = (sin6)
ESDU 2 y
€y
m—1+1.55(7Rev+40 )
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Fig.l Schematic Diagram of the Test Section
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F : Flow Meter hGd
L : Level Gage

P : Pressure Transducer
A P: DP Meter

S : Accelerometer

T : Thermocouple

T
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Fig.2 Schematic diagram of the water circuit
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Fig.3 Crossflow correlations for triangular array with different inclination angles.
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Fig.6 Crossflow correlations for triangular array(45 Deg. inclination angle )
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