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Screening key parameters affecting nitrate natural circulation loop performance
based on analytic hierarchy process
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Abstract Background: The driving force and resistance in nitrate natural circulation loop (NNCL) are almost in the
same magnitude. The system performance of NNCL can be influenced by lots of parameters, such as environment,
material, structural and operation condition, thus selection of key parameters affecting NNCL is very important.
Purpose: The aim is to identify the key parameters affecting NNCL reliability. Methods: The analytic hierarchy
process (AHP) is an effective method to analyze the importance of each parameter to the NNCL reliability using
experts’ judgment to structure judgment matrix and calculate the parameters’ weight. In this paper, an AHP model and
judgment matrix is established for the 40 parameters. Results: 12 key parameters are selected including physical
parameters, structural parameters and operating parameters. Conclusion: The results show that the most important
parameters affecting NNCL reliability are air temperature, heating power and air flow rate in the NNCL operational
phase.
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RBHEBE TR, W& E AP1000. H A 1St & B
HE(JAERI Passive Safety Reactor, JPSR)M., &5 [F ft 5
e a0 — R4k S 3t s B HE (System-Integrated Modular
Advanced Reactor, SMART)™)., tf [H] {1 /N1 56 14 fai 4k,
7K HE(Small Simplified BWR, SSBWR-200). ER/K
BoHe 0 m o R ¥ HE (High Temperature
Reactor-Pebble Module, HTR-PM). H [ 5256 $
(China Experimental Fast Reactor, CEFR)'%B] o

[ B B e AL BE BB T 7L B 2012 4E LA
S, AR ERHARBE RIS SE 5 T WSRO R A AR
RESN 2 4 RGN EL TV SR HERE FE RN LT 08, AR
&5 B SR 4G P4 [9] #% (Nitrate natural circulation loop,
NNCL) A& 81 7 8 7t B¢ 9 BIF 50 0 #h 15 SR8 B 4 1 1T
vt BER KRR TR SRR 6, Nmshe i
e AR RS R PG RGO SRR T & .
NNCL iE 17 i BEAMKEERE S ER A AR BN, TR K EEAL
TN TR v A A 7 A B R % T 2 UK [ i
iBA7, T g AR MR A AL TR AN
P, WRARZAWE R KA, R EAHE
PR BAFAE, BMEERIES, U5A AT Rl NNCL
RGEMRIE A BB & TAEER. JZ IR ik
(Analytic hierarchy process, AHP)&— i 2 1L 5%
SESHITTE, W RZ TR SHCE LB W 2 R4S
Ky, A BT BRI R . SRS TS AN S HON
ISYER S A PN Y E R ERE Al Priaenb s i
AR ZE o3 BTidi o B SR R 2 1 ARG A (]
PERERIRBE S, MR 8skie I it . NNCL 7]
FEVERT I AR SR BE SRR AR

1 NNCL &%
1.1 BRSGEK

NNCL #eit B EE 708 20 kW, HI LRI, i
RHBAHFRS. ATRG. BRIERG. RS
I [a] 4R TR AR R GEA S . NNCL 3 B WU
#4443 (Direct Reactor Auxiliary Cooling System heat
exchanger, DHX). 7% <-THI& £h #: 4 %% (Natural draft
air-cooled heat exchanger, NDHX). &£k, HLIN#
ary TRIEHERR AN A BRI
RTTHABL, TS S0E, B T4
IR, T s, WK 1.

NNCL LAEURE: DHX A FRIAS R # IR 5B 4
sl IR MR T, 323 A IR 56 R Uk
N ETHE B ETHRA AL T 2R B H) NDHX,
NDHX H IR Eh 4 5 8 B i) 2 A J R T

B PER, T B BGR 810U £ 4R  rh FE RN
TR, T BB SR OE PR [B] o

Expansion Tank

41 »DHX

| 7 Electric Heater

El1 NNCL #4581
Fig.1 Schematic of NNCL.
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NNCL A St Ihfg: fERA BT AN, fEIEHE
TEARA L TUHMIBES SRS T, KK 1540
AR FFE R IRAE AN . HRIENNCLIZ 477 BAIR
A RN ER Eh A SR (142 °O) K 5, $2HINNCL
7 B LU PR T REHEN «

1) HEFHEN . NNCL 75 HE#EE I AN F
20kW, HETENMERIEEAMET 150 °C. 248
IHEREE 712 NNCL KA EEINRE, FEH N
AT A NNCL w7 E AR 2 w22 E R,
AR ZEEARER K, B RGHEIARE ST AN BET AL
FHEGE I B, W R G TR A AE 2 R 2,
FoA HAREAR AT Re b .

2) i BhAe e T AE I T b FE AN I A T A
1) 10%. NNCL JfishAF2E il fee A Jm it ¥ 38
T I 2 ] 1 B A A, b T 520 B ARIE IR

1.3 I THiEEeESH
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RGUEATSEW 7 /AT AR BGEZ I NNCL & 4itd:
BEffE A S, JLImiE ) 40 NI NNCL PERER
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Table 1 Parameters of AHP model of NNCL.

S g 4 ARHS
Parameter Code Parameter Code

V- #R 2 Altitude difference of heat and cold source A
53 JR BB 71 22X Local resistance coefficient of elbow B
F [HI B E B K E Piping length of primary circuit C
DHX #3483 J5 B FH 77 Local resistance of DHX D

NDHX #:#425 /5B 77 Local resistance of NDHX E
EH S E Air flow rate of cooling tower F
DHX #u##5 # AATH #Y Heat transfer area of DHX G
DHX # #4235 EE¥FH ) Friction resistance of DHX H
NDHX e #2% He 4 FR Heat transfer area of NDHX 1

NDHX #4258 B [H /7 Friction resistance of NDHX J

[A] #%3MJR Circuit leak K
TAENAESEE L

Inlet air temperature of cooling tower

[ 46 5 1 JBE 42 24U Friction coefficient of loop pipe M
InF#ATh# Power

THER 5% F¥ Nitrate density
DHX # a3 i4 B3 3 R 5
Thermal conductivity of DHX
DHX e A3 0 et 52450
Heat transfer coefficient of DHX
NDHX #efh &3 # R34 R 5L R
Thermal conductivity of NDHX

NDHX #4350 i 4 4 2R 5L S
Heat transfer coefficient of NDHX

H % JFE Opening degree of louver T
IR ER PR R 2 U
Coefficient of thermal expansion of nitrate
DHX #: #4258 % 1% Diameter of DHX
NDHX ##4 #3%81% Diameter of NDHX
[e s ORI AR DRI

Insulation properties of insulation material

v O Z

o

X g <

2 BRRSTHIREL

JZ IR HTiE (Analytic hierarchy process, AHP) &
—ARIAE . RIS 2 HEN . 2 R TR R
Jitk, MEHER. St 2RGSO
A AH R, A — L BONE A BUNRBR K
I REA L R SR, R T IR e T e 4 e AL Ay
PFrgia i, T ER ARG SRR R G0E
AT M A BT

IBHZE R IERRR) 4 JOPER: 1) JALibkH

JEARGERIIERY ; 2) K3 2% T2 U T AR P S B R

3) JERREHEY LB, 4) RIREHE L
ES QR LR

2.1 NNCL BXorirtsEsy

fR#E NNCL RZhReM I REAE N 7. NNCL

1] AHP BRI 250 2R ¥ NNCL RS ThRefMThag

HENIE Sy AHP BB G5 58— E RN SR — 2, FFidad

L FAT AR ) 24 NS EUERNE =2, K 2.
Carry Out Function of

|Heat Removal for NNCL

Criterion of |
Flow Stability |

Criterion of Heat |
|[Removal Capacity

AirFlow | [Friction of ~ Altitude

Opening | _ | P(:wer
| of Cooling DHX Degree of Difference of
Tower Louver ’ Heat and Cold

Source
[# 2 NNCL ) AHP #5%8!
Fig.2 AHP model of NNCL.
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AR P 7 [ NNCL JZ IR S5 AL T K 7
J5 W AT AT 7, FIRIPE I LA 254
L SR IE I IR R I AN Je SR B EAT LT P2y,
H T

1
_ m (K)\Nm
a, = (IT;_, a;) (5)

Kb m NT X NE BHRPIRY, W)l
TP BB ORAE & i AR A TR R T b v, v
VERIRL LGV A AR PRl 2, —FibiR
LR ER B ISR TR P IR GRS
P ] Bfr R SR L 1) 5 AR MR MR L PR R A R
o HARTTHRERWMT:

) B JZAE R AR RBAT PR L, 73
AT B HIBE R, R HRS AR, WR2.

2) =R R E AL AT BEAT P PR
Eb, hmIf3 & E PR R, 3R 3 fEHERAE o
WU 26T A3 T PRI R, 2R 4 NTEdBh R
PEAE I S A T WA B PP RERE . 85 20 )T 55

% B AW PR S SEAE (LR 5. & 6) Ml
R — SR s . —BEREAS R (1) & 3:
Jmax=24.001 1. C[=0.000 05, CR=0.000 03; (2) % 4:
Anax=24.0277. CI=0.00121 . CR=0.00073.

R2 FE—RESEZREIFIEREMRIEW,)
Table 2 Judgment matrix and weight of first
and second layer.

EE %) makEN  ME
TR TR Weight
Criterion of Criterion of

heat removal flow stability

capacity

HEFRE S 7] 1 1
Criterion of heat

0.5

removal capacity

AN E RN 1 1
Criterion of

flow stability

0.5

Table 3

3 FEHHAEETRT B RIS IR (W, )

Judgment matrix under criterion of heat removal capacity.

B

C

D

E

F

H 1 J K L M N O P Q R S

T

U

\%

W

X

T Q T m g O w »
=
W

—
—
(=3
(=}

0.95
1.00
0.58
1.00
1.00
0.91
0.91
1.00
0.91
1.00
0.69

1.00
0.91
1.00
0.58
0.53
0.58
0.53
0.91
1.00
0.58
0.58
0.85

1.64
1.73
1.00
1.73
1.73
1.58
1.58
1.73
1.58
1.73
1.20
2.24
1.73
1.58
1.73
1.00
0.91
1.00
0.91
1.58
1.73
0.91
1.00
1.69

0.95
1.00
0.58
1.00
1.00
0.91
0.91
1.00
0.91
1.00
0.69
1.12
1.00
0.91
1.00
0.58
0.53
0.58
0.53
0.91
1.00
0.58
0.58
0.85

0.95
1.00
0.58
1.00
1.00
0.91
0.91
1.00
0.91
1.00
0.69
1.12
1.00
0.91
1.00
0.58
0.53
0.58
0.53
0.91
1.00
0.58
0.58
0.85

1.00
1.10
0.63
1.10
1.10
1.00
1.00
1.12

1.12
0.69
1.12
1.12
1.00
1.12
0.65
0.58
0.65
0.58
1.00
1.12
0.63
0.63
0.91

095 1.00 095 145 089 095 1.00 0.89 155 1.73 155 1.73

1.10
0.63
1.10
1.10
0.89
1.00
1.10
1.00
1.12

1.00 1.45 0.89 1.00 1.10 1.00 1.73 1.90

1.10

1.73  1.90

1.10

1.00

0.58 0.58 0.84 0.45 058 0.63 0.58 1.00 1.00

1.00 1.00 1.45 089 1.00 1.10 1.00 1.73 1.90 1.73 1.90

1.00 1.00 1.45 089 1.00 1.10 1.00 1.73 1.90 1.73 1.90

0.89 0.89 145 089 089 1.00 089 1.55 1.73 1.55 1.73

0.89 0.89 145 089 089 1.00 089 155 1.73 1.55 1.73

1.00 1.00 1.45 089 1.00 1.10 1.00 1.73 1.90 1.73 1.90

0.89 1.18 0.89 0.89 1.00

1.10

0.91 089 1.55 1.73 1.55 1.73

1.00 1.00 1.45 0.89 1.00 1.00 1.73 190 1.73 1.90

0.69 0.69 0.69 1.00 0.81 0.66 0.66 0.66 1.14 1.14 1.14

1.12 1.12 124 1.00 0.89 0.89 0.89 1.79 1.79 1.79

1.00 1.12 1.00 1.52 1.12 1.00 1.10 1.00 1.73 1.73 1.90

091 1.00 091 152 1.12 091 1.00 1.14 145 145 1.73

1.12 1.00 1.52 1.12 1.00 0.88 1.00 1.73 1.73  1.90

1.10

1.00

0.58 0.65 0.58 0.88 0.56 0.58 0.69 0.58 1.00 1.00

0.58
0.65
0.58
1.00
1.12

0.53 0.88 0.56 0.53 0.58 0.53 091 0.89 0.89

1.10

0.53

0.58 0.58 0.88 0.56 0.58 0.69 0.58 1.00 1.00

0.53 0.53 0.88 0.56 0.53 0.58 0.53 091 091 1.00

0.91 091 1.52 1.12 091 1.00 0.88 1.52 1.52 1.52

1.00 1.00 1.52 1.12 1.00 1.15 1.00 1.73 1.94 194

0.58 0.63 0.58 0.88 0.56 0.58 0.67 0.55 1.00 1.05 1.05

0.63
0.91

0.58 0.58 0.88 0.56 0.58 0.67 0.55 1.00 1.05 1.05

0.91 091 124 0.79 091 091 0.85 1.69 1.83 1.24

1.00
1.10
0.63
1.10
1.10
1.00
1.00
1.10
1.00
1.10
0.66
0.89
1.10
1.00
1.14
0.66
0.58
0.66
0.66
1.00
1.12
0.63
0.63
0.91

0.89
1.00
0.58
1.00
1.00
0.89
0.89
1.00
0.89
1.00
0.66
0.89
1.00
0.87
1.00
0.58
0.52
0.52
0.52
0.89
1.00
0.55
0.55
0.85

1.64
1.73
1.00
1.73
1.73
1.60
1.60
1.73
1.60
1.73
1.14
1.79
1.73
1.50
1.82
1.00
0.95
0.95
0.95
1.60
1.82
1.00
1.00
1.83

1.64
1.73
1.00
1.73
1.73
1.60
1.60
1.73
1.60
1.73
1.14
1.79
1.73
1.50
1.82
1.00
0.95
0.95
0.95
1.60
1.82
1.00
1.00
1.83

1.10
1.18
0.59
1.18
1.18
1.10
1.10
1.10
1.10
1.10
0.81
1.26
1.10
1.10
1.18
0.59
0.55
0.55
0.55
1.10
1.18
0.55
0.55
1.00
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Table 4 Judgment matrix under criterion of flow stability.

A

B

C

D

E

F

G

H

I

K

L

M

N

O

P

Q

R

S

T

U

v

1.00

w

1.05

Q

0.61

-
oy
=
S

= Q

1.05

—

1.00

—

1.05

X £ < ¢ 83 w®m O v O Z Z = R
=
W
[oe]

0.95
1.00
0.58

1.00

1.00

0.91

0.91

1.00

0.91

1.00

0.69

1.00
0.91
1.00
0.58
0.53
0.58
0.53
0.91
1.00
0.71
0.71
0.69

1.64
1.73
1.00

1.73

1.73

1.73

1.58
1.73
1.20
224
1.73
1.58
1.73
1.00
0.91
1.00
0.91
1.58
1.73
1.41
1.41
1.20

0.95
1.00
0.58

1.00

1.00

0.91

0.91

1.00

0.91
1.00

0.95
1.00
0.58

1.00

1.00

1.00

0.91
1.00

1.10

1.00

1.00

1.00
1.10
0.63
1.10
1.10
1.00
1.00
1.05
1.00
1.05
0.69
1.12
1.12
1.00
1.12
0.65
0.58
0.65
0.58
1.00
1.12
0.77
0.77
0.75

0.95
1.00
0.58
1.00
1.00
0.95
0.95
1.00
0.91
1.00
0.69
1.12
1.00
0.95
1.00
0.58
0.53
0.58
0.53
0.91
1.00
0.71
0.71
0.75

1.00
1.10
0.63
1.10
1.10
0.89
1.00
1.10
1.00
1.12
0.69
1.12
1.12
1.00
1.12
0.65
0.58
0.65
0.58
1.00
1.12
0.77
0.77
0.75

0.95
1.00
0.58
1.00
1.00
0.95
0.95
1.00
0.89
1.00
0.69
1.12
1.00
0.95
1.00
0.58
0.53
0.58
0.53
0.91
1.00
0.71
0.71
0.75

1.45
1.45
0.84

1.45

1.45

1.45

1.45

1.45

1.45

1.00

1.24
1.52

1.52
0.88
0.88
0.88
0.88
1.52
1.52
1.24
1.24
0.88

0.89
0.89
0.45

0.89

0.89

0.89

0.89
0.89
0.81
1.00
1.12
1.12
1.12
0.56
0.56
0.56
0.56
1.12
1.12
0.79
0.79
0.56

0.95
1.00
0.58
1.00
1.00
0.89
0.89
1.00
0.89
1.00
0.66
0.89
1.00
0.91
1.00
0.58
0.53
0.58
0.53
0.91
1.00
0.71
0.71
0.75

1.00
1.10
0.63
1.10
1.10
1.00
1.00
1.05
1.00
1.05
0.66
0.89
1.10
1.00
0.88
0.69
0.58
0.69
0.58
1.00
1.15
0.82
0.82
0.75

0.89
1.00
0.58
1.00
1.00
0.89
0.89
1.00
0.89
1.00
0.66
0.89
1.00
1.14
1.00
0.58
0.53
0.58
0.53
0.88
1.00
0.67
0.67
0.69

1.55
1.73
1.00

1.73

1.73

1.79
1.73
1.45
1.73
1.00
0.91
1.00
0.91
1.52
1.73
1.41
1.41
1.20

1.73
1.90
1.10
1.90
1.90
1.73
1.73
1.90
1.73
1.90
1.14
1.79
1.90
1.73
1.90
1.10
1.00
1.12
1.12
1.73
1.94
1.05
1.05
1.29

1.55
1.73
1.00

1.73

1.73

1.79
1.73
1.45
1.73
1.00
0.89
1.00
0.91

1.94
1.05
1.05
1.29

1.73
1.90
1.10
1.90
1.90
1.73
1.73
1.90
1.73
1.90
1.14
1.79
1.90
1.73
1.90
1.10
0.89
1.10
1.00

1.94
1.05
1.05
1.29

1.00

0.63

1.10

1.10

0.89
1.00
0.58
1.00
1.00
0.89
0.89
1.00
0.89
1.00
0.66
0.89
1.00
0.87
1.00
0.58
0.52
0.52
0.52
0.89
1.00
0.67
0.67
0.69

1.34
1.41
0.71

1.41

1.26
1.41
1.22
1.48
0.71
0.95
0.95
0.95
1.30
1.48
1.00
1.00
0.91

1.34
1.41
0.71

1.41

1.41

1.30

1.30

1.41

1.30
1.41

1.26
1.41
1.22
1.48
0.71
0.95
0.95
0.95
1.30
1.48
1.00
1.00
0.91

1.34
1.45
0.84

1.34
1.45
0.84
0.77
0.77
0.77
1.34
1.45
1.10
1.10
1.00

x5 H#A

ob B,

ENZEHTSHNER

BEE/

Table 5 Weight of parameter under criterion of heat removal capacity.

Z ¥ Parameter

B

Weight

Z ¥ Parameter

B

Weight

Z# Parameter

BUE

Weight

BINREEZE
Altitude difference of heat and
cold source

BB

Sk JRERBE ) 2 5

Local drag coefficient of elbow

EE}S 8183

Piping length of primary circuit

DHX #3438 5 ik 11

Local resistance of DHX

NDHX #t #4875 H /7
Local resistance of NDHX

PR P = s B
TAETRRE

Air flow rate of cooling tower

DHX s He AT AR

Heat transfer area of DHX

DHX #e g8 EEHEH 11

Friction resistance of DHX

0.05

0.05

0.03

0.05

0.05

0.05

0.05

0.05

NDHX e #4383 3 2 i AR

Heat transfer area of NDHX

NDHX #3433 BEHE[H /)

Friction resistance of NDHX

[ Circuit leak

RN DT RE

Inlet air temperature of
cooling tower
T [BI B T R AR 4 Friction 0.05

coefficient of loop pipe

[ B I A28 power

TR

J& Nitrate density

DHX # it 3 I AR5
Thermal conductivity of DHX

0.05

0.05

0.03

0.05

0.05

0.05

0.03

DHX e #h8  i #e h R 5
Heat transfer coefficient of DHX

NDHX #e i 3 A %
Thermal conductivity of NDHX

NDHX # #4238 5 e b R/ 31
Heat transfer coefficient of NDHX

TRIE A EITE

Opening degree of louver

TR

Eh

JIIL 70

thermal expansion of nitrate

DHX #:#a 1%
Diameter of DHX

NDHX #3815
Diameter of NDHX
=] B AR R AA L ORI 14 B8 Insulation 0.04

properties of insulation material

2K R % Coefficient of

0.03

0.03

0.03

0.05

0.05

0.03

0.03
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Table 6 Weight of parameter under criterion of flow stability.

ZH BE ZH BE 24 BE
Parameter Weight Parameter Weight Parameter Weight
7 TR 22 0.05 NDHX e & 4 F i A 0.05 DHX #fe G0 e 4 2 50 0.03
Altitude difference Heat transfer area of NDHX Heat transfer coefficient of DHX
of heat and cold source
EIEES R R B 0.05 NDHX e #425 BE 5 BH 7 0.05  NDHX ##3 5# R4 0.03
Local resistance coefficient Friction resistance of NDHX Thermal conductivity of NDHX
of elbow
F Bl R E K 0.03 [ 2 Circuit leak 0.03 NDHX # G ap et 24 0.03
Piping length of primary Heat transfer coefficient of
circuit NDHX
DHX e 7 #RFH /g 0.05 TREND AR Inletair - 0.05 TRBE A EITE 0.05
Local resistance of DHX temperature of cooling tower Opening degree of louver
NDHX #efAasmEFH 7 0.05 [l B T R A A 0.05 TR EE K R4 Coefficient  0.05
Local resistance of NDHX Friction coefficient of loop pipe of thermal expansion of nitrate
BT AR Air flow  0.05 [ B IR Zh % Power 0.05 DHX #2838 12 0.04
rate of cooling tower Diameter of DHX
DHX e e A i A 0.05 fif 2 £h %5 ¥ Nitrate density 0.05 NDHX #3812 0.04
Heat transfer area of DHX Diameter of NDHX
DHX e 25% BEHERH /) 0.05 DHX #e##} 3 R 2 0.03 [e] e ORI R DR 1 e 0.03
Friction resistance of DHX Thermal conductivity of DHX Insulation properties of
insulation material
3) WA — O B0 00 K W R AT 5 W = (s )" X Wy, ©)
XE—ERHENETE, HEARWT: HEPEAFF WL 7.
xR7 HENEHFR
Table 7 Sorting table of combining weights.
ZH HEWE 4 HEWE SR HEAE
Parameter Combining Parameter Combining Parameter Combining
weights weight weight

IR K R %K 0.051 DHX 4 FEHERH /) 0.049 [ 3k Circuit leak 0.033

Coefticient of thermal Friction resistance of DHX

expansion of nitrate

THHR Hh % FF Nitrate density  0.050 AR = 7 0.046 NDHX #:# 88 &4 0.032

Altitude difference of Diameter of NDHX
heat and cold source

2 [l B T JRE 4 28U Friction 0.050 [l N4 2 #& Power 0.046 DHX #e#idt E1% 0.032

coefficient of loop pipe Diameter of DHX

WS SURE Inlet air 0.050 TRBE A EITE 0.046 NDHX #e#35 F # R 2L 0.029

temperature of cooling tower Opening degree of louver Thermal conductivity of NDHX

DHX #3425 R 5 BE 7 0.050 DHX e #4285 5 FA4 I A 0.046 DHX #e#d S R 2 0.029

Local resistance of DHX Heat transfer area of DHX Thermal conductivity of DHX

NDHX #e #4235 5 #FH 7 0.050 TABTESIE Air 0.045 F [0l B B K FF Piping length  0.028

Local resistance of NDHX flow rate of cooling tower of primary circuit

(ERCREP NS F S 0.050 NDHX #efh 8B 0.045 NDHX i e s 2% 0.027

Local resistance coefficient Heat transfer area of NDHX Heat transfer coefficient of

of elbow NDHX

NDHX #e#h a8 BE I 0.049 [l ORIE A B IR ERE 0039 DHX #2580 0.027

Friction resistance of NDHX

Insulation properties of
insulation material

Heat transfer coefficient of
DHX
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