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ABSTRACT

This study investigates the design of pump for passive residual heat removal in core downward flow research reactors using
plate-type fuel. The Jordan Research and Training Reactor(JRTR, 5 MW), the Pakistan Research Reactor-1(PARR-1, 10 MW),
and the Japan Research Reactor No. 3(JRR-3, 20 MW) were considered as reference designs for the pumped intended for

passive heat removal. For passive residual heat removal in core downward flow research reactors, a sufficient duration of core

downward flow shall be maintained by the coastdown flow from the pump's flywheel to ensure fuel integrity untill the core

decay heat decrease sufficiently. To evaluate the required duration of core downward flow, the Kaminaga correlation was

applied for critical heat flux calculations and the decay heat curve from ANSI/ANS-5.1-1971 was used for decay heat analysis.

For passive residual heat removal, it was calculated that the low-power JRTR requires core downward flow approximately 3

seconds, while PARR-1 and JRR-3 require approximately 140 seconds and 150 seconds, respectively. This paper presents a

design approach for the appropriate moment of inertia for flywheel and the motor capacity for primary cooling system pumps

of JRTR, PARR-1 and JRR-3 to enable passive residual heat removal. This study provides a design approach for a pump for

the passive residual heat removal in a research reactor with core downward flow using plate-type fuel. It is expected to

contribute to the enhancement of safety in future research reactor designs.
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Core downward flow
(Forced Convection)

Core upward flow

Flow reversal (Natural Convection)

Reactor Pool Reactor Pool

Fig. 1 Core flow stagnant during flow reversal form downward

forced convection to upward natural convection
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Table 1 Standard decay heat(Infinite reactor operating time)"’
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Table 2 Fuel design and operating condition for core downward
flow research reactors

Time after | Relative power Time after | Relative power
shutdown (s) (P/Py) shutdown (s) (P/Py) JRTR? | PARR-19 | JRR-3®
0.1 0.0675 2.00x10? 0.0275 Total power MW 5 10 20
1 0.0625 4.00x10? 0.0235
: No. of fuel EA 18 2 3
2 0.059 6.00x10 0.0211 assembly(FA)
2
4 0.0552 6.00x10 0.0211 Nol. OfFf;)Jel EA o1 ” »
6 0.0533 8.00%107 0.0196 plate(FP)
8 0.0512 1.00x10° 0.0185 Width m 0.0621 0.06275 0.062
1 3 Fuel (Wm)
1.00x10 0.05 2.00x10 0.0157
. - meat Length
2.00x10 0.045 4.00x10 0.0128 o) m 0.64 0.6 0.75
1 3
4.00x10 0.0396 6.00x10 0.0112 Gap(Gy) o 0.00235 0.0021 0.00238
6.00x10" 0.0365 : Fuel Width
8.00x10' 00346 8.00x10° 0.000303 plale | Wy | ™ | 00666 | 006692 | 00666
1.00x10? 0.0331 1.00x10° 0.000267 i .
Core inlet C 37 38 35
temp.(Tin)
(Qanow) @+ 0] =M 28 (Quecay) ©] 08T =4 ZHE Core Inlet pres. | kPa 180 1712 152
(Quecar)’= Al Aol whet Za]og 51§ 4] %2 * Standard fuel + Control fuel
(QalloW)EE]— ll-_-_/ﬂ &%(Qdecay)ol X]—O]—X]":‘ /\] Z—]7]]-X] ig —8]—
FEol FAHE FEdo] WasttietE dAR 184 "
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Fig. 2 Schematic and design variables for fuel design
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calculations
JRTR | PARR-1 | JRR3 | Remark
Density of 3 @sat.
quid(ey | K€ | 9456 | 9468 949.6 ot
Density of | \ o5 | 1023 | 09762 | os73a | @
gas(py) cond.
f’mff‘me N | 7008 | 692 | 7040 | @inlet
ension T <02 X107 X107 cond.
(0)
Specific | Kkg/ |y 179 | 4179 | 4179 | @0t
heat(c,) K cond.
SC temp.
K 80.2 77.4 76.8 TaTi
(ATsuh) ‘
Dimless.
inlet SC1 ) ousio | 01465 | 01453 | Eq(d)
temp.
(AT*sub)
Critical
wave 2448 | 2745 2,466
length Mo x0? x10° <> | FeO
9]
Heated ) 2xFAXFP
3005 | 38.10 56.54
area(Ay) m XWmXLin
FAx
Flow o | 5634 | 680 9130 | (FP-1)
area(Ay) x107 x107 x107 xGp
xWp
Dg’}llfs' 6730 | 6387 | 579 | Lo
. 10° | x10° x10° g
(q"cnr)
Critical
heat flux | kW/m?| 75.83 70.29 60.46 Eq.(5)
(qenr)
Power
peaking 309 | 47437 | 31129
factor
(Fy)
Allow.
heat kW | 5063 | 3764 7323 | Eq6)
(Qa]low)
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Fig. 3 Calculation diagram of the
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[Nomenclature]
BHP: Break Horsepower(W)
‘WHP: Water Horsepower(W)
mj: Pump rated flow(kg/s)
g: Gravity acceleration(m/s?)
hj: Pump head(m)
Nj: Pump efficiency
I: Moment of inertia (kg:m?)
w;i: Pump speed (rad/s)
@j: Pump angular acceleration (rad/s?)
At: Time(s)
(subscripts)

R: rated value
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Table 4 Time after reactor shutdown when Quecay is less Table 5 Pump design parameters for core downward flow
than Qaiow research reactors
JRTR | PARR-1 | JRR:3 JRTR PARR-1 JRR-3
Flow m’/hr 3319 52010 1200""
Allowable heat | 4y | 5063 3764 7323 Q - - -
(Quitow) Head(H) m 209 3510 4610
Total Power |y 5 10 20 Pump 08 084510 08"
(Qreactm) efflciency(ﬂ)
P/Py 0.0622 0.0306 0.0300 BHP kW 2.6 62.0 150
Time(t) s 3 140 150 * Efficiency of the pump of JRR-3 is assumed to be that of a general

[Qa]low > Qdecay]

s=ERHMDIHEE =28

P HI28, Me=, 2025

centrifugal pump.
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Time (s)

(b) PARR-1
—m KE =420(kJ)) —e— KE = 840(kJ)
—v—KE = 1680(kJ) —— KE = 2100(kJ)

—A— KE = 1260(kJ)
< KE = 2520(kJ)

Normalized Flow Rate

T T T T T
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Time (s)
(c) JRR-3

Fig. 4 Coastdown flow rates according to pump rotational
kinetic energy for core downward flow research
reactors
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£ Table 63} o] YehfSich

Table 61} o] JRTRS] YAYZHAG HEE 27 2=
45 8 65 WEIR A A, B ubee) TgmEs
7¥7F 0.19kg *m? 0.75kg*m” ¥ 1,70k 5
E=E AARIHE, JRTRE 152430 W o= ZH A A7} 7}
5otk PARR-19] YA Y2HAlE HEE 27} 25

[e) ) 4—;]_ ‘3—1
65 WHE AA A, L U] BHRUES} 242}
145kg - m® 58.3kg *m® I 132kg * m*S ZIBIE=2 A
AGChE, PARR-1L 540l W0 & A A7} 7hs st
ok E3 JRR-39] YAYZIAE HLE 47t o 43 R 6

Table 6 Minimum moment of inertia of the flywheel for passive

residual heat removal for core downward flow research

reactors
klijlee‘zi.c I\rﬁ;t(;)rf Angular monl\:légé of
en. pole RPM \(I(il) inertia
(KE) (P) (Tin)
kJ Pole r/min rad/s kg + m’
2 2960 310 0.19
JRTR 6 4 1480 155 0.75
6 985 103 1.70
2 2970 311 14.5
PARR-1 700 4 1480 155 58.3
6 985 103 132
2 2961 310 52.5
JRR-3 2520 4 1481 155 210
6 987 103 472

SH=EFHIIHES

=28 282, H6S, 2025
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52.5kg * m?, 210kg * m* Y 472 kg * m*S 2} L= A7)
Qthd, JRR-3E #§A 9l Wi og IAA|A7}L 7hssitt,
O] TR E Y] ST BAIAY FFe FAA
e STHAZIER 9 dEAAE S8l 4% axold
SEARE ek o] WRHE FTH= BE BEA9 IS
ZHsI R o5 F3s] F7HA 4= gt KH A2
glolgl"? ol = 7} mEjol w2 3§ 7Hsdt Ho TR
HEZ}F A & o] QUet, ofof whef 2} dAt&2 o] 15 A A A
£ SR E= eﬁIOHL Pz A5t 518 WYHHE =
= HHE AAsfoF gt
%LEOﬂi AP AIE Hzo AlEe
5 EAAE Y8l atEls IRHES WES 4 9l
2}z

Table 7 Motor capacity for passive residual heat removal for

core downward flow research reactors

Req. | No. of Min. Motor
capacity Motor
Pump | motor Tnin to satisfy Cap
BHP pole I, (1209 ’
kW Pole | kg - m? kW kW
3 30
2 0.19 [Tmax=0.21 [Tna=1.63
ke-m] | kg
4 30
JRTR 22.6 4 0.75 [Mra=1.48 | [Ina=9.21
ke-m] | ke
22 30
6 1.70 Mna=2.35 | [Ima=32.2
kg-m’ | kgem’]
180
2 14.5 [Tmax=19.5 180
kg * m’]
PARR-1 62.0 4 583 %0 lm‘”‘:z@ 90
kg - m]
110
6 132 [Tax=205 110
kg * m?
700
2 52.5 [Tmax=58 700
kg + m’]
400
JRR-3 150 4 210 [Tmax=223 400
kg + m’]
350
6 472 [Tmax=539 350
kg * ]

* JRTR and PARR-1: low voltage motor
* JRR-3: High voltage motor

S=ERHMDIHSE =28 M2s8, Me=, 2025

AEstE = stRs A7E

RIRO| MSIHMHE Yot BT M

RE| 9 852 2= HE|O)A 3kW, 45 HEOJA 4kW, 11
g1 6% HEoA] 2.2kWo |t} 1822 JRTRE HE =5
o} AFlo] 30 kW £2F0] RES AAT 2= gt} o 9k
wElo] 2o 51§ BAARAES] 1,63 kg - m*2 45 H 652
wElo] o 38 BARHES 9 21kg - m” X 32 2kg -
m 2o} )y Zom 2 30 kW g0 4 9 6= E7}F Al
e}

PARR-19]4 9% } A% WO AsHe wEY 4
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o7} AW A2 && AR Qg BTt M An|7} ubAy
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7ke] 74ro] MY 2K 450] 90 kW] Gk 7 wEls}
AVgE|ojof Fiek, oju] Hx AUl PRHEL 1%
HAA A} 2E g EAE 12510 58 3kg - m*~63.0
kg - m’ 02 A Elojof gt}

N
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2} AA mE 8] Mo|2 714A1717] 98] 650 350
kW] 82 71| mE 7L A Eofof drh, oju) Hx
ulale] pHERES BEgAAAe) vE o BaE
Wste] 472 kg - m’~539 kg - m? .5 AA|Eofof Fe},

4. 82 E
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JRR-3
Motor cap.
550(kW) [@4 Pole] |-
58.3 63.0
(kgm?) (kgm?)
PARR-1
Motor cap.
9.21 -
(kg-m?) (kg:m?) ] - 90(kW) [@4 Pole]
58.3 63.0
tkgm?) (kgm?)
JRTR
Motor cap.
: 30(kW) [@4 Pole or 6 Pole]

T T T T T T T T T T T T/ /T T T T T
0246 8101214 52 56 60 64 68 420 450 480 510 540 570

Moment of Interia(kg-m?)
Fig. 5 Required moment of inertia and motor design for

primary cooling system pump for passive residual
heat removal
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