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Experimental Studies on Heat Transfer Characteristics and Natural

Circulation Performance of PRHRS of the High Temperature and High
Pressure Thermal-Hydraulic Test Facility
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Abstract

Several experiments are performed to investigate the heat transfer characteristics and
natural circulation performance of passive residual removal system (PRHRS) of the high
temperature and high pressure thermal-hydraulic test facility. Especially the natural
circulation performance of PRHRS, the heat transfer characteristics of PRHRS heat
exchangers and emergency cooldown tank (ECT), and the thermal-hydraulic behavior of
the primary loop are investigated in detail. The coolant flows steadily in the natural
circulation loop which is composed of the steam generator (SG) primary side, the
secondary system, and the PRHRS. The heat transfers through the PRHRS heat
exchanger and ECT are sufficient enough to enable the natural circulation of the
coolant. Also the experimental results show that the core decay heat are sufficiently
removed with the operation of the PRHRS.
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3 1. PRHRS #Ad<=8 A9 Test Matrix

Test ID Power (%) | Flow Rate (%) | Decay Heat
H-P10-Q36-PRHR 10 36 NA
H-P25-Q50-PRHR 25 50 NA
H-P36-Q100-PRHR 36 100 NA
H-P50-Q100-PRHR 50 100 NA
H-P75-Q100-PRHR 75 100 NA
H-P100-Q100-PRHR 100 100 NA

H-P36-Q100-D-PRHR 36 100 ANS73
H-P50-Q100-D-PRHR 50 100 ANS73
H-P75-Q100-D-PRHR 75 100 ANS73




% 2. PRHRS A8 A3 =4

AZ7]1 1D ($1A])

FE-SND-02 (o]x-AlE & wid)
(at PT-SND-04, TE-SND-04)

PT-RHS-01 (4+ =7] sj&)
PT-RHS-02 (3} 3ld)
PT-RHS-03 (& >

=

4 4
5

PRHRS
A ==

TC-RHS-01 (4
TC-RHS-03 (%
TC-RHS-05 (3]
TC-RHS-06 (3
TC-RHS-07 (&

S N e

T
=
S
T
+

PRHRS =+t

DP-RHS-03 (PRHR
DP-RHS-02 (PRHR
DP-RHS-01 (PRHR

U) (/) (/) olo oo & b of\ oo oo

I AHAE el

PT-SND-04 (o] x}A %
PT-SG2-04 (Z7]2A 71 %#
PT-SG2-06 (Z7]1¢A7] 5
PT-SND-01 (e]x-AlF 571 )

o|AAE 2=

TC-SND-03 (F&H )
TC-SND-04 (o] 4A%E =
TC-SG2-21 (57147
TC-8G2-22 (57147
TC-SND-01 (|27

=
=

o i
S
o 1

i

J
e

/|y
BN
|
o F_‘,“i

_>|4_|‘
A
~

DP-SND-02 (o] x}A| %=
DP-SG2-04 (Z71247]
DP-SND-01A (o] 2} A%
DP-SND-01B (o] 2} A%

ER:

OIN oN &
NN
Nz oz
o
Lo
o o,

PT-BPV-01 (dxA1E =&~
PT-MCP-01 (Y45 MCP)

(

PT-SG1-01 (Z7]247] 2

= 9
PT-SG1-03 (ZF7]¢A7] 2 :

e e L
i
&

TC-SG1-01 (Z57]1¢A7]
TC-SG1-14 (F7]'FA7] A%

e o (e rL

]_
]_
],
],

=7)

TC-RHS-4a,b,c (B %t7] xH)
(Fol: sti-ale] sl + 1170.5, 650.5, 130.5 mm)

TC-RHS-2a,b,c (M}72 & = 7§ Afo])
TC-RHS-2d,ef (5% &3} vzt 5 Alol)
(o] at-alyl 94| + 1170.5, 650.5, 130.5 mm)

N
L~

o
~
-1 4
=y

TC-CWS-01 (Cooling Tower )
TC-CWS-02 (Cooling Tower &)

M o% | M o
N
N

417

s
~

TC-PZR3-18 (W] zted = 15+ wi )
TC-PZR3-19 (M43 &5 a93)

%
N
N
ot | bt

FR-CWS-01 (at 0.1013Mpa, TC-CWS-02)




Emergency SV-RHS-01

RHS-O1 Cooldown Tank WVRHS-03 Compensat]on

(]—EXE OV-RHS-03

cows NSS Tank
TC-RHS- 1 o
= { _TC-RHS-3 MWS - DR
pT-AHs-1 |—@ **P 098] e T WSO
— — = —44,0,C
TC-RHS-1 | ——() gg - |l | HXs % DP-RHS-2
ccws &— o T T
=1=® pT-AHs-2 —
! T Tc—RHs—fﬁ LT’F‘gg’S -
|
Chiled war ! 1/2" tube 2 MV-RHS-02 }
llled water,
OP-RHS-3 7”@7“} @ OP-RHS-1 TC-RHS-8
} O
Orifice—1 PT-RHS-3 e P }mp PT-RHS-5
TC-RHS-6 (T) P
OV-RHS-01 | VC-RHS-01 QOV-RHS-02
| o
. 1/2" tube  vo-prs— | 3/8" tube
3/4" sch.160s VG-RHS-02 .
i Is?/Ialtlon
oo ' Orifice-2 [] ave
g OV—-S(ND—01 Steam | () TC-RHS-7
= | :z PT-RHS-4
Steam Line Generator I 3/8" ube
|
|
|
|
|

Steam . sl I

Generator . OV-SND-04
Feed Water Line

29 1 IERAAAATS AFE L AZ7) $H 91



it

o
©

o
TC-RHS-2a, 2d, 4a

-—»

00z

(&)
S
Upper & Lower P - = ~.
Plenums P TN
(140 mm, oo)/ e ) \\
\ v TC- RHS 2a, b, c\\
1 TC-RHS-20, 26, 40 g i
'/ - W\
HX Tubes .t
Tube: OD 18 * t2.5 ’
* 12641 (6 EA),” \\
\\
5
| TC RHS-- 4a b, c ;I'

TC-RHS -2d, e, f/

S0El

TC-RHS-2c, 2f, 4c Q Q

20l

- >

( Unit: mm )




to CWS

ECT eL. 7480 m

A T A
o
i
D
T
¢
x
SRR
PT-RHS-02 ]
EL.-8.380 m
-
PT-RHS-01
from CWS
PT-RHS-03 —
=}
T
e
T
¢
o
W
EL. 4533 m (w)
EL. 4.533 m 'P
2
EL. 2.963 »
c |
ie 2
s
o
EL.3.319m
PT-RHS-05
Compen EL. 3.630 m N6
sation L] 4.015
Tank % EL. 4.467 m
N2 N4 " PT-SND-01
- TC-SND-01
N1 | EL.2.764 m EL4930m 4 FT-SND-01
Main Steam Line
DP-RHS-01L \
PT-RHS-04 8
)
7
X -
=z
9
& .
\ = from Boiler
[
Z EL. 3.7543 m
3
O"-
2%, EL. 3.4543
A J
% PT-SND-01 ‘< N
Feed Water Line PT-SG2-0p
N3 O | TC-SG2-22
T
n
EL.2.830 m Q) EL. 2.7543 m— —X — A
P
o
\ B
EL. 2.0543
Al -
PT-sG2-04 |
PT-SND-04 _SGo-
TC-SG2-21
TC-SND-04 €L 17543
FT-SND-02 -1 m
to Boiler

a9 4 VeI AAAT Adc =



g

T T T T T
Programmed Power (Input)

% 4
O Measured Power (Output)
& - Decay curve: ANS-73 ]
70 - Heat loss: 10.25 kW
s - Full power: 682.3 kW
< @ ]
2w ]
<
> 40 ]
8 30
2 4
10 b
0 L L L L L
20 40 60 80 100 120
Time (sec)
= 0
7% 5. PRHRS #& %9
T 1=y Ke=] [¢)
=AEIE 2o
—— PT-RHS-01
. i i . i ; - - -PT-RHS-02
PT-RHS-03
—-—- PT-RHS-04
g
e
2
]
a

500 1000 1500 2000 2500 3000 3500

Time(sec)

18 7. PRHRS A} <=3ko) A 9

ol W3l PRHRS

—— DP-RHS-01

Differential Pressure(kPa)

+ -~ ~DP-RHS-02
DP-RHS-03

500 1000 1500 2000

Time(sec)

2500 3000 3500

2% 9. PRHRS A1 ghol 4 9

AFef w3}
PRHRS

Pressure(bar)

Temperature(°C)

—— FE-SND-02
010 T T T T T T T
[

008 - 7
@ 006 b
o
£
3
Jd
3 004 [ 1
kel
w

002 | \;

000 X L L L L L

7% 6. PRHRS #A1<=gho) 4 9

Add 0

——TC-RHS-01
200 ' . . ; ; A —~ -~ TC-RHS-03
TC-RHS-05
wl —-—- TC-RHS-06
TC-RHS-07
ol 7
" ~
20 1
! -
! -
20f | Seeel 1
! e
L
|
w00} | 1
|
Bl 1 s e s b e et e
Ll
0 | L L L L 1 1

Time(sec)

13 8 PRHRS #}s=3ko) A 9

<% W3}k PRHRS

—— PT-SND-04
| - --PT-5G2.04

PT-SG2-06
--=- PT-SND-01

0 500 1000

1500 2000 2500 3000 3500

Time(sec)

19 10. PRHRS
Al ghol o] gFa Wil
SRR



Temperature(°C)

—— TC-SND-03
400 . ; ; ; - - - TC-SND-04
TC-SG2-21
=l --—- TC-SG2-22
TC-SND-01
300 b
[N
= i . 4
- ~2
320 0 TTeel B
© Tl -
9]
g 150 1
2
100 |- 1
0L P A S S A S A SRSt
Fms
0 L L L L L L
0 500 1000 1500 2000 2500 3000 3500
Time(sec)
1% 11. PRHRS
AA= oA o] == W3k
o] 2H A&
—— TsRHS03
20 ————————1_~ " " TSRHS05
150 |- b
100 |- |
s ]
T
2 of
©
8 sl 1
£
©
4100 = B
150 | . 4
200 L ”

L L L L
1500 2000 2500 3000
Time(sec)

1000 3500

19 13. PRHRS

Aol o] e ¥k

PRHRS

—— TC-RHS-04(a)
- - - TC-RHS-04(b)

TC-RHS-04(c)

[ ]
gt S ety
AN '
‘
[] 500 1000 1500 2000 2500 3000 3500
Time(sec)
(=] 3 o] i ) s
a3 15 dur|e] ¥ 2%

Temperature(°C)

Temperature(°C)

Differential pressure (kPa)

B B 8 8 8

g

8

g

)

—— DP-SND-02
- - - DP-SG1-04

DP-SND-01(A)

’ Time(sec)
1% 12. PRHRS
A = ghell A o] pqt W 3}

o] 2t A&

— TsSG222
H - -~ TsSNDO1

200 T T T T T
150 - 4
100 - 4
50 |- 4
-100 4
-150 4
0 500 1000 1500 2000 2500 3000 3500
Time(sec)
19 14. PRHRS
2l = =7 .
AAgho A o] = Wk
o] XA &
—— TC-RHS-02(a)
140 . . . . ; | - - - TCRHS-02(b)
TC-RHS-02(c)
-+ TC-RHS-02(d)
120 - TC-RHS-02(e)
rrrrrr TC-RHS-02(f)
100 |
80 - 4

o Tmo o o meo e ame wmm
Time(sec)
a9 16 v R A
eE RE



Temperature(°C)

Power Exchanged - HX & ECT (kW)

Temperature(°C)

3
T

——TC-CWS-01
- - -TC-CWS-02
T

20} 4
0 Tam o a0 zm  so wm
Time(sec)
o o] = |y
a9 17 AR dET ==
1 3}
—QHX
100 T T T T T T ---QECT
80 |- 4
60 [ N ™ q
ol |/ e T 3
20 - .-' 4
uu 5:10 1600 15:00 zo:)n 25:00 30:30 35:10
Time(sec)
1=}
2919 B AR W
- = -
w7 E E3
o L gk F

1

500

Sholl A 9]

1000 1500 2000 2500 3000 3500

Time(sec)

1% 21. PRHRS
H 3}

-

s
4

SG

Ay rio

213}

Temperature(°C)

Pressure(bar)

100 T T T T T
8| 4
60 ,1 T B
o ," 4
20} 4
o Tam ow oz 0 ww
Time(sec)
a9 18 Mg Al e
== W)
——PT-BPV-01
200 . . . . . . - - = PT-MCP-01
175 | 4
150 4
125 4
100 |-
75
50 |
5| 4
%0 Tao m w0 0 W %0
Time(sec)

% 20. PRHRS
Adggol Ao el v
A7
@
2
3
g
3
w

§,

2500

3000 3500

1000 1500 2000

Time(sec)

13 22. PRHRS

AA s ol A o] % 3

=
°©

AAFA



	분과별 논제 및 발표자

