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Pressure Transient Experiments of 5x5 Bundle near the Critical Pressure
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Abstract

The supercritical-water-cooled-reactors currently being developed adopt a once-through
direct cycle as a heat removal system. If a loss of coolant accident is occurred, the fluid of
core inlet part changes two-phase fluid and the fluid of core outlet part becomes superheated
steam. Pressure transient experiments on heat transfer characteristics near the critical pressure
has been performed with an 5x5 bundle geometry at the Freon R-134a Thermal Hydraulic
Experimental Loop developed in KAERI. Two series of tests have been completed: (a) heat
transfer tests for pressure reduction transients through the supercritical critical pressure (b)
heat transfer tests for pressure rise transients from the subcritical to the supercritical critical
pressure. In the pressure reduction transients, as soon as the pressure passes through the
critical pressure from the supercritical pressure, the wall temperatures rise rapidly up to very
high values due to the occurrence of the critical heat flux. The wall temperature reaches a
maximum at the saturation point of the outlet temperature, then tends to decrease gradually.
In the pressure rise transients, the pressure approaches to critical pressure a CHF occurred
and the wall temperature increased abruptly. As soon as the pressure pass through the critical
pressure, the wall temperature reduced by high heat transfer property of the supercritical fluid.
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Table 1. Thermal hydraulic characteristics

of the 5X5 rod bundle

Parameter 5x5 Bundle

Total number of rods 25
Number of heated rods 25
Rod pitch (mm) 12.85
Rod diameter (mm) 95
Heated length (mm) 2000
Rod to wall gap (mm) 2.55
Corner radius (mm) 2.5
Bundle geometry data

length of one-side (mm) 66.9

flow area (mm?) 2695.8

wetted perimeter (mm) 1008.6

heated perimeter (mm) 746.13

hydraulic diameter (mm) 10.69

heated equ. diameter(mm) 14.45
Hydraulic diameter of

central channel 12.63

side channel 17.19
Axial power distribution Uniform

Table 2. Experimental conditions of the pressure transient

Run G POWER Tin Tout Pout Transient

Number |(kg/m’-s)| (kW) (C) (C) (kPa) |Time(sec) Note

RUNO1 250 12 92~92 | 97~98 |3806~4226| 670 P increase
RUNO2 250 15 92~92 | 97~99 |3785~4225| 558 P increase
RUNO3 250 18 92~92 | 96~100 |3692~4232| 702 P increase
RUNO4 250 21 92~92 | 96~101 |3683~4164| 642 P increase
RUNO05 250 24 86~93 | 96~102 |3754~4263| 1113 | P increase
RUNO6 250 27 90~92 | 95~102 |3609~4200, 1271 |P increase
RUNO7 250 30 88~88 | 95~103 |3636~4326| 707 P increase
RUNO8 250 18 93~93 | 101~96 |4270~3697, 223 P decrease
RUNO09 250 33 85~85 | 102~95 |4280~3623 187 P decrease




CONDENSER

6 6 66 Cooling
Sl Cooling Tower

Tower

|y

0000 ) (
L
-
E P
O w
@ N
z = »
2 @
@ o
= >
= o
FLOW PREHEATER b
METER

Figure 1. Freon thermal hydraulic experimental loop

PUMP

STRAINER
rZ




PROVISION FOR
CONNECTION TO TIE
PLATE

SOLID COPPER

/ EXTENSION
8 A
© T/C CARRIER ASS'Y
66.9 mm
= HIGH TEMP. T/C 4 N\
. |~ INSULATION
: OO
T
o &
& [V}
Y N
o 0.932
w
=
<C
w
z
3 0
S o
A
o | : COPPER TUBE
- N EXTENSION
e : | \L
o e = = =
= !l THERMOCOUPLES N /255
i T
Figure 2. Heater rod Figure 3. Radial power distribution and

geometric data

‘e a’'e’e’ e

'S 66 06

Figure 4. The map of the 68 thermocouples installed in heater rods



Temperature [C]

Temperature [C]

130 : : : , 4500
R-134s5 For
L G=250 [kpitrs)] ° c.
Q=1 By Wall tamperaturs & Tc.BB
B TcB7
120 ¢ Tc.BB 4230
@ )
. Critlcal pressurs
10 g Outlst pressure g =
—
'y
a
100 _gzlt_lga_l_t_a_rgga_r_a_tu_r_a_________ - ............. 3750
. -_.. .I.- %
Qutlet Temperature
gn L | L | L | L | L | L | L | L | L | L | | L 35':”:'
1] 20 40 &0 20 100 120 140 160 180 200 220 240
Time [s]
(a) Q = 18kW
150 : : : : : : : 4500
 Riste Wall temperaturs L R
140 F q=a33as - B Tc.E7 ]
Q=33k-01 & ToEB
4230
130
- Critlcal pressurs
120 &\ Outist pressure -4000
. —
110 |-
3730
Critlcal temparature
100 fmmmmmmme e ina e TET T SRR,
-
Qutlet Temperatura
gn | L | L | L | L | L | L | L | | L 35':”:'
1] 20 40 &0 20 100 120 140 160 180 200
Time [g]
(b) Q = 33kW

Figure 5. The results of pressure release experiments

Outlet pressure [kPa]

Outlet pressure [kPa]



Temperature ['C]

Temperature [C]

120 : : : : : 4500
R-134s o TeBS
6=250 [kgitris)] s Egg
T G=1BkWY Qutlet prassure ¢ TcER
4250
110
4000
Critical tamperaturs
100 sdiiaRREORE =T T
Qutlst Temperaturs ghies
;D|||||||||||||||||||||||||||||||||||||||
0 20 40 &0 B0 100 120 140 160 1BO 200 220 240 260 280 300 320 340 380 380 400
Time [g]
(a) Q = 18kW
140 : : : : : : : 4500
130 =
Wall tamperaturs 4250
? -—
1
120 - 3 Citical pressure
Outlst pressure Jan00
R-134s o TgBS
110 6=250 [kginfey]  * TcE8
s Tc.B7
| @=30kwy s TcEA
ﬂ 2750
100 -
Qutlet Temparaturs ]
gn L | L | L | L | L | L | L | L | L | L | L | L 35':":'
1] 50 100 150 200 250 300 350 400 450 300 5500 s00
Time [g]
(b) Q = 30kW

Figure 6. The results of pressure increase experiments

Outlet pressure [kPa]

Outlet pressure [kPa]



Wall termperature [ °C]

160

150

5

130 |

4500

L R-134a,
| G=250 [kpf

Critical
L prassure

(rfs)]

—

EFSEFST 1
e
EEEEEEER

Cutlet prassure

4230

4000

120

110 ;
. oh 3150
=3 & L] L3 :‘* n‘
100
Wall tsmparature
;D L L l L | 1 L l L l L l L l L l L ESDD
0 50 100 130 200 250 300 330 400 430 500
Time [g]

Figure 7. Power effect on pressure increase experiments

Outlet pressure [kPa]



	분과별 논제 및 발표자

