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Experimental Studies on Power Change and MCP Transient
Operation for the SMART-P
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Abstract

Experimental studies on power change and MCP transient operation for the SMART-P are
carried out in order to verify the system design of the SMART-P. Dynamic system
characteristics are investigated for the power change from 20% to 25% when the core power
is controlled by either the T-control or the T+N control method. When the core power is
controlled by the T+N control method, the overshooting is much reduced but the power is
controlled in a discrete manner due to the dead band effects of the T+N control. The MCP
transient operation is performed by changing the MCP speed from the low speed mode to
either the mid-speed or the natural circulation mode, in which the core power is kept at 25%
level. During the MCP transient to the natural circulation mode, the MCP speed change is
secured without any abrupt change of the thermal-hydraulic parameters for the T+N control
method. Wheres, the T control method caused the thermal-hydraulic parameters to diverge.
During the natural circulation operation at the power of 25%, the stable primary natural
circulation flow was achieved.
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¥ 1 nend 95d 49N Aoy 2=
Ao 7] 7] IAWF Ak I N
T-Control - =A% 2% (T | User input (eg. 310 °C)
7FE % (Group 1,2,3) TIN Control 1) =i S 7o =T . Heater power
o) w22 (N) User input, Heat loss
MCP dAAE 7 User input (eg. 1800rpm) MCP speed
FHFFAe] WE] 2 | FIFF FF User input (eg. 25%) Valve position
T3 ¢A o] WE F57] 4= User input (eg. 35.5 bar) Valve position
FWST U5 3¢ FHEF 2= User input (eg. 40 ~70 °C)| Heater power
RETFEE FEFTEFHA 49 User input (eg. 35 bar) MWP speed
¥ 2. 223% €48 Al Test Matrix
# Test ID 28 W&
A& %29 H(Low Power, 20725%) - MCP #<:(25% %)
1 H-LP-R1-20-25-T - Heater control ; T, 7F€&: 1%
- Z271&9: 20%, =¥E9: 25%
A &22 LA (Low Power, 20725%) - MCP #4:(25% %)
2 H-LP-R1-20-25-TN - Heater control ; T+N, 7[€&: 1%
- Z71E9 20%, =E¥EE: 25%
A4E 2 A (Low Power, 20725%) - MCP A4:(25% %)
3 H-LP-R3-20-25-T - Heater control ; T, 7F€&: 3%
- 271E9: 20%, EEEE: 25%
A 4% 92 (Low Power, 20725%) - MCP A 4:(25% %)
4 H-LP-R3-20-25-TN - Heater control ; T+N, 7}<€ & 3%
- 271EY: 20%, =2E9: 25%
MCP 4243 4 (Low = Mid), @25% power
) H-MCP-LM-R30-TN | - Heater control ; T+N
- W3& 30rpm/sec
MCP £x=43% 22 (Mid = Low), @25% power
6 H-MCP-ML-R30-TN | - Heater control ; T+N
- W3-8 30rpm/sec
MCP £%=43F $Hd(Low = A3, @25% power
7 H-MCP-LN-R30-TN | - Heater control ; T+N
- W3-8 30rpm/sec
MCP =43 24(Xd+3 = Low), @25% power
8 H-MCP-NL-R30-TN | - Heater control ; T+N
- W 3}-8& 30rpm/sec
MCP £x243 &4 (Low = #adAx3l), @25% power
9 H-MCP-LN-R30-T - Heater control ; T
- W3& 30rpm/sec




Control output
Setpoint (T,,) error (oV)

300°C or
programmed valve

Measured (T, )

FR1*ov FR2*ov FR3*ov

A 4

a9 1. =4 7HE%E 3EH e Alojz22 F+44% (T-Control)

limiter A

-t =10 ) L
0.5N-N',,) i— J _ 10

Heat loss
(%)

/— T,_(°C) - 5

Reference
Wmcp(%) temperature
program

0.333(T-T,,) '—

To(°C)

Dead band

FR1xOV

0.333T + 0.5N

0.333T,+ 05N, |——| N (%)

FR3xOV

=

¥ 2. =4 7FEE 3EH Y Alej22 A% (T+N Control)

Tpo(%)

310

(2) MEP Low Speed

(1) MCP High Speed

Power(%)

[



Reference

g §

: g ™

c B

g o

] o

R = ) H

3 1 %0 4

g ° e o

v g

E it o,

%o <

- = =

R - o %

& ] e G

e 3

- M m ~n gt -

53 g ® DN Moam - ™

£ } g & ; Njo gt g B!
) = X- 8z - 2
- g B EE | i
£ = & r g

g _ N2 ) _ T G

= Nlo o E :ﬂ

(i o B H

A L ol -

< A = &=

, I N ~

2 ﬂ ’ mTo e

L i

s < wr

Ww ol N

2 S

X

Te)

w

S o M

Ps(bar)

35.5



Flow (kg/s)

Pressure (bar)

Temperature (°C)

008
007 007
80 i
006 0.06 -
005 560 @ 005 Tmvafih T
£ @
004 -LP-R1-20-25-TN 2 2 004+ case : H-LP-R1-20-25-T
Measured fesdwater flow | | O 3 —— : Measured feedwater flow
0.03 —— : Feedwater flow setpoint H 2 003 Feedwater flow setpoint | 7|
—— : Valve opening o : Valve opening
>
002 02
//‘ 420 002 e i
001 N 001
000 0 000
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
time (sec) time (sec)
160 100 160
IR e wmsimmesebaoooo R o1 SRS S S SUIPE Ebh Pt S - -
80 ~- |
case : H-LP-R1-20-25-TN case : H-LP-R1-20-25-T
1202 = = = : Primary pressure o 120 - - - : Primary pressure
— : Measured secondary pressure | | .S . —— : Measured secondary pressure
o ——: Secondary pressure setpoint & & —— : Secondary pressure setpoint b
40 ——: Valve opening g o 40 —— : Valve opening
o 2
36 [t 0 & 2 364 Palihinie:
N e © 8
> o«
32 32
420 i
28 28
] 0 2
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
time (sec) time (sec)
310 100 310
W N
A O e T Y o - e
| case:HLP-R1-2025TN || g9 case: HLP-R1-20-25T ]
0 Measured T, L 3004 —— : Measured T, ,
< Measured T, g ——:Measured T,
) 5 J—
DI pover | | & ~ T, setpoint
290 E £ 290 —— : Dimensionless power | |
2 o
o =
< 2
MBI 2 © AN A
260 ~ M)ﬂ\ o g § as0 WA, Nt“ i
o g
£ ] AR
a
270 1% 270 1
260 0 260
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
time (sec) time (sec)
= = Z/7F e % = =/ 8
w8 EY o/4ha wA a9 9. F9 F/ga A

(case : H-LP-R1-20-25-TN) (case : H-LP-R1-20-25-T)

Valave opening

Y
3

S
8
Valave opening

Dimensionless Power



Flow (kg/s)

Pressure (bar)

Temperature (°C)

008 100
007
il 1=
0.6
0.054 ""'M‘Mﬂ 60 2
e
0.044 case : H-LP-R3-20-25-TN 2
Measured feedwater flow | | O
003 Feedwater flow setpoint 2
: Valve opening 2
002+ >
f —20
001 N
0.00 0
0 100 200 300 400 500 600 700 800
time (sec)
160 100
LGRS o cToTTTTT
case : H-LP-R3-20-25-TN 8
1201 - - - : Primary pressure
T —— : Measured secondary pressure g
Secondary pressure setpoint 60 T
40 : Valve opening I
o
o
36 Wal 0 3
AN K}
>
324
420
284
24 0
0 100 200 300 400 500 600 700 800
time (sec)
310 100
MM .
case : H-LP-R3-20-25-TN
300+ —— Measured T, g
—— Measured T, g
 Dimensi power 5
290 H60 O
@
a
2
L s
zen-wm% 7& o 8
MV L E
a
270 420
260 0
4 100 200 300 400 500 600 700 800
time (sec)

ad 10, 29 /44

il

Ho

(case : H-LP-R3-20-25-TN)

Flow (kg/s)

Pressure (bar)

Temperature (°C)

008 100
007
80
0.6
oo 60 2
c
0.044 \-LP-R3-20-25-T 2
— : Measured feedwater flow 0 nD;
0.03 Feedwater flow setpoint | |40 &
: Valve opening %
002+ >
(MM d2
001 \
000 0
0 100 200 300 400 500 600 700 800
time (sec)
160 100
o "1 S RS R S R ol
- . 80
case : H-LP-R3-20-25-T
1202 Primary pressure
T —— : Measured secondary pressure 2
—— : Secondary pressure setpoint 60 T
40 ——: Valve opening I3
o
o
36 M 0 &
g =
\'rv\‘ >
324
420
284
24 0
0 100 200 300 400 500 600 700 800
time (sec)
310 100
P
Al 7 s e N amen e L
3004 case : H-LP-R3-20-25-T deo
—— Measured T, .
< Measured T, 2
J— 3
2904 : T, setpoint 0 &
—— : Dimensionless power 2
(]
c
“‘\ "\ » o
280 "\, /_ AN 2
Mh/m POV TR W PR £
E
270 420
260 : 0
0 100 200 300 400 500 600 700 800
time (sec)
= =28 Z/04 2
:11:1 llﬁﬁ o/ A "1_@

(case : H-LP-R3-20-25-T)



4 " " " " 4m | T T T T T
—— FE-DWN- r
case : HMCP-L 360 |-
3 340
. O =or
0 kot e
g L B
Qo 2 e 1o 0 L 0 e ol [y e - e
g S sl
= IS i
o 5} r .
o F el T
12 12, MCP o] S A <l x9 2 1 130 MCP o] 44 A5 2%
(case : H-MCP-LM-R30-TN) (case : H-MCP-LM-R30-TN)
m T T T T T T T T T T 4 T T T T T T T T T T T
180 — PT-BRV:01, Priman i —— FE-DWN-O1
case : HMCP-LM-R30-TN case : HMCP-LN-R

B

5 B
Flowrate(kg/s) >
w

8
N

Pressure(bar)

8 8

29 14. MCP Ho] &4A dxt5 9= 1% 15, MCP Ho] 1A dAf
(case : H-MCP-LM-R30-TN) (case : H-MCP-LN-R30-TN)



¥ 3 8 8 8 8 8 8

Temperature(°C)

Pressure(bar)

2% 16, MCP #o] £4d4 d43 =
(case : H-MCP-LN-R30-TN)

4 : : . .
— FE-DVWN-O1
case : HMCP-LN-R30-T

3+

w

Ee)

X

T 2r

°

2

5

L

2% 18 MCP o] 4dA LA %
(case : H-MCP-LN-R30-T)

Temperature(°C)

8

175

150

125

100

16

— PT-BPV-01, Primary Pre:
case : HMCP-LN-R30-TN

'__\\/_,__——

1% 17. MCP Ho] £4A dx= ¢t

(case : H-MCP-LN-R30-TN)

g B8 8 8 8 8

8

2% 19. MCP o] 44 da5 &&=

(case : H-MCP-LN-R30-T)



00— - - . "

.| —— PT-BPV-01, Primary Pre Y PARTOT-1
case : HMCP-LN-R30-T - - - PARTOT-2

150

R

Pressure(bar)

a9 20. MCP o] &4A 45 48 2" 210 MCP o] 44 =4 71d% &9
(case : H-MCP-LN-R30-T) (case : H-MCP-LN-R30-T)
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