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Heat transfer experiments in a wire-inserted tube at supercritical pressures
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SUMMARY

I . Project Title: Heat transfer experiments in a wire-inserted tube at supercritical
conditions

II. Objective and Importance of the Project

One of the experiments was concerned with a sub-channel of a conceptual core concept
developed at KAERI where the hydraulic diameter was 6.5 mm. The sub-channel of the
currently available core concept is much smaller than that of the conventional PWR,
and naturally a helical wire was considered as one of the candidates for a spacer or
turbulence generator. The subchannel was simulated by a commercially available Inconel
625 tube of 6.32 mm ID with a helically-coiled wire insert of 1.3 mm OD. The effect

of wire was investigated.

III. Scope and Contents of Project

The test pressures are 7.75 and 8.12 MPa corresponding to 1.05 and 1.1 times the
critical pressure of CO? respectively. The mass flux and heat flux, which were in the
range of 400 ~ 1200 kg/m’s and 30 ~ 90 kW/m’ were changed at a given system

pressure. The corresponding Reynolds numbers are 2.99 x 10* and 1.30 x 10°.

IV. Result of Project

The heat transfer was enhanced by almost twice in the vicinity of pseudo-critical
temperature and the effect was attenuated as the temperature moves away from the
pseudo-critical temperature. The test results revealed that the wire effect was sustained
in the downstream up to 40-60 times the wire diameter. The temperature decreases in
the first half of the span between contact points and it increases in the second half of

the span.

V. Proposal for Applications
The test result can be valuable information for the core thermal-hydraulics calculation to
support establishment of core concept, which may adopt wire type spacer due to the
relatively narrow sub-channels.
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3t 2 Test matrix

Fluid CO,

Flow direction Vertical, Upward

Inside diameter D, mm 6.32 (t=1.60)

Wire diameter d, mm 1.30

Pressure P Mpa (P/P.) 7.75 (1.05) and 8.12 (1.1)

Inlet Temperature, C 5 ~ 37

Mass flux G, kg/ m’sec 400, 1200

Heat flux g, kW/m’ 30 ~ 90

Inlet Reynolds number 25 X107 = 75 x 10
(ATe= 5CY )
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i3 A5 U= 3 S
Measuring instrument Range Accuracy
K-type thermocouple 0 - 1260C 0.75% or 2.2°C
Pressure transmitter 0 - 160 bar 0.25% of full scale
DP transmitter 0 - 6350 mm HxO 0.055% of span
Mass flow meter 0 - 680 kg/hr 0.15%
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19 13 Comparisons of wall temperatures and heat transfer coefficients

in a carbon dioxide between a plain tube and a tube with wire,

ID=6.32 mm (wire d=1.3 mm): at P=7.75 MPa. E
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14 Comparisons of wall temperatures and heat transfer coefficients

carbon dioxide between a plain tube and a tube with wire, ID=6.32
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754

acceleration parameter, Ac=(4q+/Reb)(HEB/ 8 /pr®Y)

Jackson buoyancy parameter, Bo, = Gr,/(Re}** Pri®)

Jackson buoyancy parameter, Bu:@:}/(BE%.?Prg.S)

specific heat

tube diameter
mass flux

ooy — )9 D?
:u’b

Grashof number, Gr

Grashof number based on heat flux GrZ
electric current
thermal conductivity
length
Nusselt number, hD/k
pressure
Prandtl number, 1C /k
nG,/k
heat flux

volumetric heating rate

non-dimensional heat flux, ¢" =ﬁq;]/(Gc

Reynolds number, pVd/u
temperature
thickness

voltage
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Greek symbols

p

P

density
T

. - 1
average density, p= T 7 pdT
w b T,

dynamic viscosity

Subscripts and superscripts

0
b

cr

pc

var p

at constant physical properties
mass averaged value

at critical condition

based on diameter

forced convection

height

at the inlet, inner

spatially averaged quantity
outer

at pseudo-critical temperature
volumetric

at variable physical properties

at the wall, wire
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