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Applicability of AQUA code to industrial piping flows
Yoshihiro Doi*, Toshiharu Muramatsu*

Abstract

Fluid flow in circular tube is the most frequently encountered in engineering fields related to
thermal hydraulics. The fluid flow in straight tube has been investigated with many experiments and
analyses in laminar and turbulence conditions with sufficient accuracy. In the design of plant
piping, - there are many contract and enlargement of flow area as well as elbows and junctions.
Such a complexity of industrial piping requires fine mesh and long simulation time for the analyses
of the flow.

To evaluate the applicability of the AQUA code for flow analyses in an industrial piping,
analyses for convection around submerged a cylinder, secondary flow with elbows and flow in a
sudden contract were carried out. With the analysis of flow field around a submerged cylinder,
drag force acting on the cylinder was evaluated from the numerical simulation with AQUA code.
The drag force was agreed with the results using equation of drag coefficient depends on measured
data in case of small friction of submerged cylinder and narrow separation region of the cylinder.
In the analysis of the secondary flow with three elbows, AQUA code simulates the characteristics
of secondary flow. The results showed that the secondary flow almost disappeared at point at 30d
(d; diameter of pipe) distance from the elbow. The flow in a sudden contract was simulated.
Ratio of the cross sectional area for pipe to the area for vessel is 0.2. In this case , effect of the

contract to velocity distribution is small at the position that from inlet of the pipe to two times of the
diameter in the downstream,

*

Thermalhydraulic Research Section, Advanced Technology Division, OEC, PNC
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% 3CHk

\\\f:k
W\

(D3 KIE M, AARREOME £ O L HH, FRASEMIES. 1086 4 2 A
(2)EW T, KIF RNIRLOERE &, EHIMM (B) | 198243 A

(3) Uk =, /I RISA, EHHMTE LA TS 90° X FRDHEE. B AR &R E
(B #) 54 % 502 %, P1319, W1 6343 A

(4) R0k %=, &R BOA. RYF ®E), MBEEEZ L7290 X» FROEK. AR
K34 (BAR) 58 % 548 %, P1015, 19924E 4 A
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FE2.1MRtTr — A 1 @ AQUA 2 & B #H (Re =69000)

Ayva | g& 5 FER# | MR | wmikhs Hih
5 (1=) | (mm) (kg/cm?) (kg/cm?) (mm) st (cm?) (kg)
Tl 1 il

15 14 1.0456 | 1.0289 0.0167 22 3.08 0.0514

14 19 1.0454 | 1.0288 0.0166 22 4.18 0. 0694

13 19 1.0451 | 1.0288 0.0164 10 1.9 0.0311

12 19 1.0447 | 1.0288 0.0159 10 1.9 0. 0303

11 19 1.0441 | 1.0288 0.0154 10 1.9 0. 0292

10 19 1.0435 | 1.0289 0.0146 10 1.9 0.0278

9 19 1.0428 | 1.0291 0.0137 10 1.9 0. 0260

8 19 1.0420 | 1.029%4 0.0126 10 1.9 0.0239

7 19 1.0411 | 1.0299 0.0112 10 1.9 0.0213

6 19 1.0397 | 1.0304 0.0093 10 1.9 0.0117

FIAL IS 5500 (I=15 26 1=6 DI O EEHE)  (ke) 0.3279

K22/ — A 20 AQUAIZ X BHESR (Re =172000)
Ayia | B& EH REH#E | FEERE | AR 1WA,
5 (I=) | (nm) (kg/cm?) (kg/cm?) (mm) A (cm?) (kg)
HiI T 1]

15 14 1.1069 | 1.0032 0.1037 22 3.08 0.3194

14 19 1.1059 | 1.0029 0.1030 22 4.18 0.4306

13 19 1.1038 | 1.0026 0.1012 10 1.9 0.1923

12 19 1.1007 | 1.0025 0.0982 10 1.9 0.1866

11 19 1.0970 | 1.0028 0.0942 10 1.9 0.1789

10 19 1.0929 | 1.0036 0.0893 10 1.9 0.1697

9 19 1.0886 | 1.0049 0.0836 10 1.9 0.1589

8 19 1.0838 | 1.0069 0.0769 10 1.9 0.1462

7 19 1.0781 | 1.0094 0.0687 10 1.9 0.1305

6 19 1.0694 | 1.0125 0.0569 10 1.9 0.1081

MM 54500 (1=15 226 1=6 DH DO EEME) (kg 2.0211
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% 2.3 4 OWHEOTHREKC),

% m Bt Co= D
1 th THOWE s ° .%.,,ws
54
VZ © Re<Re, G 047
V= € Re>Re, €.10
EIREE : 1.20
V= O Re<Re, dx1 '
V= QO Re>Re, 0.34
" , id=1 0.91
MiE (s 2 2 0.85
V= S .4 4 0.87
(PR 7 0.99
M (Hric ) ld=1 - o
- AT 2 . 0.68
V= | L Re<Re, 5 d 0.74
- Ui 10 0.82
d 40 0.98
alb=1 1.12
EHFAR (Khizis) 2 1.15
T 4 1.19
- ab
V= X 10 1.29
ku-"l 18 1.40
o 2,01
H R (E2L)
— I (W . 0.34
Vo “ .4_d‘l
- ) (L)) 1.33
I o
M aﬂi a=60° f.d2 0.51
vE <=1 a=30° 4 0.3¢
B & i
V: O:{"’ -Id’ 1.17
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#£2.4 NQ.4)I2LBHH (Cp=0.9)

Re =69000
[X 11 Es P H % 3 i _;.c,,pvzs
(=) (nm) () | R (cn?) (k)
15 14 22 3.08 0.0474
14 19 22 4.18 0.0643
13 19 10 1.9 0.0292
12 19 10 1.9 0.0292
11 19 10 1.9 0.0792
10 19 10 1.9 0.0292
9 19 10 1.9 0.0292
8 19 10 1.9 0.0292
7 19 10 1.9 0.0292
6 19 10 1.9 0.0292
A 59000 (1=15 » 5 16 DI DEEE) (ke) 0.3453
Re =172000
il R MHEE HIT % 5 I 2c,evis
(1=) (mm) (mm) mf (cm?) (kg)
15 14 22 3.08 0. 2996
14 19 22 4.18 0. 4066
13 19 10 1.9 0.1848
12 19 10 1.9 0.1848
11 19 10 1.9 0.1848
10 19 10 1.9 0.1848
9 19 10 1.9 0.1848
8 19 10 1.9 0.1848
7 19 10 1.9 0.1848
6 19 10 1.9 0.1848
FARICK 3 B30 (1=15 25 1=6 DH I DEEHE) (ke) 2.1848
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3.1 R 0 EHUHBE I B A (T — & 1)

82 TV | WiTTM x 10 | TRy T8 | Wiiaez Am | Zkigho fiti%
Lo | RAEEU | RKEEV | ReokioEw | ERGEEC
(mm) (m/s) (m/s) (m/s) X A
297 5.92 6.42 3.99 0.92 w2 VRO
783 3.74 8.38 3.88 0.46
1323 2.54 7.84 2.90 0.37
1863 2.05 7.56 2.21 0.29
2403 1.78 7.33 1.79 0.24
2943 1.57 7.02 1.53 0.22
3483 1.37 6. 62 1.33 0.21
4023 1.18 6.57 1.05 0.18
4563 1.03 6.31 0.97 0.16
5103 0.90 6.19 0.86 0.14
13203 0.24 4.9 0.26 0.05
15903 0.17 4.95 0.18 0.04
17955 0.10 5.23 0.19 0.04 FHHLE
18765 1.39 6.32 0.24 0.22 LI IARAO
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Ayia | & £ EhH#E | FHESE | fimky i
5 (1=) | (nm) (kg/cm?) (kg/cm?) (mm) i (cm?) (kg)
il i

15 18.5 | 0.0269 | -0.0309 | 0.0578 22 4.2075 0. 2431

14 18.5 | 0.0403 [ -0.0400 | 0.0804 22 3.9090 0.3141

13 18.5 | 0.0461 | -0.0457 | 0.0919 10 3.6105 0.3318

12 18.5 | 0.0497 | -0.0496 | 0.0993 10 3.3119 0. 3287

11 18.5 | 0.0525 | -0.0523 | 0.1048 10 3.0134 0. 3159

10 18.5 | 0.0543 | -0.0540 | 0.1083 10 2.7149 0.2942

9 18.5 | 0.0546 | -0.0543 | 0.1089 10 2.4164 0. 2632

8 18.5 | 0.0528 | -0.0530 | 0.1057 10 2.1179 0. 2239

7 18.5 | 0.0481 | -0.0498 | 0.0978 10 1.8193 0.1780

6 18.5 | 0.0383 | -0.0499 | 0.00832 10 1.5208 0. 1266

AT 550 (1=15 205 1=6 DD DEEMHE)  (kg) 2.6195
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RKA2IHr — A 20 AQUAIZ & BHR:

Bt 1]

Avva | g ) FEZ17E | MARE | jims s W]
Fr5 (I=) | (mm) (kg/cm?) (kg/cm?) (mm) mift (cm?) (kg)
iy i T

15 18.5 | 0.0445 | -0.0168 | 0.0613 22 4.2075 0.2579

14 18.5 | 0.0633 | -0.0217 | 0.0850 22 3.9090 0.3323

13 18.5 | 0.0705 | -0.0247 | 0.0952 10 3.6105 0.3438

12 18.5 | 0.0745 | -0.0268 | 0.1013 10 3.3119 0.3355

11 18.5 | 0.0780 | -0.0282 | 0.1062 10 3.0134 0.3199

10 18.5 | 0.0806 | -0.0290 | 0.1096 10 2.7149 0.2976

9 18.5 | 0.0817 | -0.0290 | 0.1107 10 2.4164 0.2676

8 18.5 | 0.0803 | -0.0280 { 0.1083 10 2.1179 0.2293

7 18.5 | 0.0754 | -0.0256 | 0.1010 10 1.8193 0.1838

6 18.5 | 0.0636 | -0.0220 | 0.0855 10 1.5208 0.1300

FAECA T 2800 (1=15 5 1=6 IS0 EEHE)  (kg) 2.6978

o A
Avva | B& EH JEhE | FAREE | ATmiRse 71w
5 (I1=) | (mm) (kg/cm?) (kg/cm?) (mm) At (cm?) (kg)
Hif T i

15 18.5 | 0.0177 | -0.0139 | 0.0316 22 4.2075 0.1331

14 18.5 | 0.0177 | -0.0139 | 0.0316 22 3.9090 0.1237

13 18.5 | 0.0245 | -0.0158 | 0.0403 10 3.6105 0.1456

12 18.5 | 0.0276 | -0.0167 | 0.0443 10 3.3119 0.1468

11 18.5 | 0.0292 | -0.0172 | 0.0463 10 3.0134 0.1397

10 18.5 | 0.0305 | -0.0174 | 0.0480 10 2.7149 0.1302

9 18.5 | 0.0305 | -0.0172 | 0.0477 10 2.4164 0.1152

8 18.5 | 0.0297 | -0.0166 | 0.0463 10 2.1179 0.0981

7 18.5 | 0.0279 | -0.0156 | 0.0435 10 1.8193 0.0792

6 18.5 | 0.0238 | -0.0143 | 0.0381 10 1.5208 0.0579

FAEICH 5500 (1=15 25 1=6 DI OEEHE)  (ke) 1.1696
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* MONJU IHX OUTLET PIPE ANALYSIS

*

1995.12.11

*

*

ook ook ok ok ok ok ok ok sk o ok o ok ok b ook ok ok ok ok ok o ok sk ok s sk ook 3ok ok ok o ok o ok o sk ok o ok ok o ook ok ok ok ok ok o ok sk ok ok ok ok ok

&GEOM

&END
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
END

&DATA

IGEOM=-1, NL1=2000, NM1=5500, ISYMCH=3, IFITEN=3,
IFRES=1, IMAX=15, JMAX=19, KMAX=19, NSURF= 9,
DX=0.018, 13*0. 019, 0. 014,

DY=19*0. 0872664

DZ-0.114,0. 088, 0. 044, 12*0. 022, 0. 044, 0. 066, 0. 099, 0. 118,

XNORML= 1.,-1., -1., 0., 0., 0., 0., 0., 0.,
YNORML= 0., 0., 0., 1.,-1., 0., 0., 0., 0.,
INORML= 0., 0., 0., 0., 0., 1.,-1., 1.,-1.,

ITURKE=20, IFPCG= 5,

-1.0 1 1 1 19 1 19 1 CENTER LINE

-1.0 15 15 1 19 1 4 2 PIPE WALL(-X)
-1.0 15 15 1 19 6 19 2P

-1.0 15 15 1 9 5 5 2P

-1.0 15 15 11 19 5 5 2P

-1.0 5 5 10 10 5 5 3 THERMOCOUPLE (-X)
-1.0 6 15 1l 11 5 5 4 THERMOCOUPLE (+Y)
-1.0 115 1 1 1 19 4 PIPE (+Y)
-1.0 6 15 9 9 5 5 5 THERMOCOUPLE (-Y)
-1.0 1 15 19 19 1 19 5 PIPE (-Y)
-1.0 6 15 10 10 6 6 6 THERMOCOUPLE (+2)
-1.0 6 15 10 10 4 4 7 THERMOCOUPLE (-Z)
-1.0 1 15 1 19 1 1 8 INLET (+2)

1.0 1 15 1 19 19 19 9 QUTLET (-2)

IFENER=0, NTHCON=-1,NTMAX=99999, IT=1,
IDTIME=0, RDTIME=0. 3,

IFMMO=1,

IFMTB=1,
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IDISP=0, NTSMRY=100, TREST=60. 0,
DT(1)=1. 0000,
KFLOW=-3, 1, 5*-3, 1, -5,
KTEMP= 9*400,
TEMPO=  486.,
VELOC(8) =5. 025, TEMP (8) =486. ,
NTPRNT=-9999,
NTPLOT=-9999,
NTHPR =173004, 173006, 083004, 083006, 031010,
&END
&TURB
HYDIN=1. OE10,
KEITER=1, ITKBUG=0,
&END
END
END
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* ¥
* C-LOOP IHX EXIT PIPE ANALYSIS *
* *
* DATE © "95.1.9 MATSUMOTO *

Aok ook ok ook ook ok s ok ok ok o ok sk ok ok o o ok ok ok ok sk ok ok ok ok sk o sk ok o s s o o o s ok ok o o o s o ok o ok o ok ok o o ok ok ok

&GEOM  IGEOM=0 ,NL1=19850, NM1=49000, ISYMCH=3, IFITEN=3,
IFRES=1, IMAX= 60, JMAX=390, KMAX=52, NSURF-=8,
DX= 60*0. 054,
DY=390*0. 054,
DZ= 52*0.054,
XNORML(1)= 1.,-1., 0., 0., 0., 0.,-1., 0.,
YNORML(1)= 0., 0., 1.,-1., 0., 0., O., 1.,
ZNORML(1)= 0., 0., 0., 0., 1.,-1., 0., 0.,
ITURKE=20, IFPCG= 0,

&END

REG -1.0 1 1 1390 43 52 1 WALL(+X)
REG -1.0 1 1381390 1 42 1 WALL(+X)
REG -1.0 10 10 1390 43 52 2 WALL(-X)
REG -1.0 10 10 381 390 11 42 2 WALL(-X)
REG -1.0 1 10381381 1 42 3 WALL(+Y)
REG -1.0 11 60381381 1 10 3 WALL(+Y)
REG -1.0 1 10390390 1 52 4 WALL(-Y)
REG -1.0 11 60390390 1 10 4 WALL(-Y)
REG 1.0 1 10 1380 43 43 5 WALL(+2)
REG -1.0 1 6038139 1 1 5FWALL(+2)
REG -1.0 1 10 139 52 52 6 WALL(-2)
REG -1.0 11 60 381 390 10 10 6 WALL(-Z)
REG -1.0 60 60381390 1 10 7 INLET (-X)
REG ;1.0 1 10 1 1 43 52 8 OUTET (+Y)
END

&DATA  ISTATE=0, IFENER=0, NTHCON=-1, NTMAX=99999,
IDTIME=0,DT=1.0, 1.0, IT=1, 1,
TREST=60. 0,
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KFLOW= 6%-3,1,-1,

KTEMP= 6*400, 1, 400,

TEMPO= 505. 0,

GRAVZ=-9. 807,

VELOC (7)=4. 70,

TEMP (7)=505. 0,

NTHPR =011011, 011036, 022011, 022175, 022338,
171011, 171036, 172011, 172175, 172338,

NTPRNT=-9999,
NTPLOT=-9999,
&END
&TURB
HYDIN=1. 0E20,
&END
END
UL -4.9 1 60381390 1 10
WL 4.9 1 10 381 390 11 42
VL -4.9 1 10 1380 43 52
END
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* STEAM GENERATOR OUTLET PIPE T/C ANALYSIS *
* 1996. 1. 26 *
3 o ok o ok ok ok o s ok ok ok o ok ok sk ok ok oK o ok b o ok s ok ook sk ke ok sk Sk o o sk ok sk sk ok ok o ok ok ok ok ke s e ok o ok ok ok ok ok o ok ok e ke ok ok ok ok
SGEOM  IGEOM=-1, NL1-5200,NM1-18240, ISYMCH=3, IFITEN<3,
, IFRES-=1, IMAX=30, JMAX=19, KMAX-54, NSURF= 10,
DX=0. 011, 14*0. 0185, 10*0. 050, 4*0. 150, 0. 105,
D¥=19%0. 0872664
DZ=0. 119,2*0.1,0. 022, 0. 038, 6*0. 04, 0. 022, 0. 020, 5*0. 022,
4#0. 02725, 22%0. 040, 10*0. 15,
XNORML= 1.,-1., -1., 0., 0., 0., O.
YNORML= 0., 0., 0., L.,-1., 0., 0., 0.
INORML= 0., 0., 0., 0., 0., 1.,-L., 1.,-1., 1
ITURKE=20, IFPCG= 5

&END

REG -1.0 1 1 1 19 1 54 1 CENTER LINE

REG -1.0 15 15 1 19 1 2 PIPE WALL(-X)

REG -1.0 1515 1 9 4 2P

REG -1.0 15 15 11 19 4 2P

REG -1.0 15 15 1 19 5 11 2P

REG -1.0 15 15 1 9 12 12 2°P

REG -1.0 15 15 11 19 12 12 2P

REG -1.0 15 15 1 19 13 44 2P

REG -1.0 30 30 1 19 45 54 2SG

REG -1.0 5 5 10 10 4 4 3 THERMOCOUPLE (-X)
REG -1.0 5 5 10 10 12 12 3 THERMOCOUPLE (-X)
REG -1.0 6 15 11 11 4 4 4 THERMOCOUPLE (+Y)
REG -1.0 6 15 11 11 12 12 4 THERMOCOUPLE (+Y)
REG -1.0O 1 15 1 1 1 44 4 PIPE (+Y)
REG 1.0 1 30 1 1 45 54 4SG (+Y)
REG -1.0 6 15 9 9 4 4 5 THERMOCOUPLE (-Y)
REG -1.0 6 15 9 9 12 12 5 THERMOCOUPLE (-Y)
REG -1.0 1 15 19 19 1 44 5 PIPE (-Y)
REG -1.0 1 30 19 19 45 54 5SG (-Y)

._43__
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REG
REG
REG
REG
REG
REG
REG
END

-1.0 6 15
-1.0 6 15
-1.0 6 15
-1.0 6 15
-1.0 1 15
-1.0 1 30
-1.0 16 30

10
10
10
10

10
10
10
10
19
19
19

5 5 6 THERMOCOUPLE (+Z)
13 13 6 THERMOCOUPLE (+2)
3 3 7 THERMOCOUPLE (-Z)
11 11 7 THERMOCOUPLE (-Z)
! 1 8 OUTLET(+Z)

54 54 9 INLET (-Z)

45 45 10 SG (+2)

&DATA IFENER=0, NTHCON=-1,NTMAX=99999, IT=1,

IDTIME=0, RDTIME=0. 3,

[FMMO=1,
IFMTB=1,

IDISP=0, NTSMRY=1, TREST=60. 0,

DT(1)=1.0000,

KFLOW=-3, 1,5*-3,-5,1, 1,

KTEMP= 10*400,
TEMPO=  325.,

VELOC(9)=0. 1663, TEMP(9)=325.,

NTPRNT=-9999,
NTPLOT=-9999,

NTHPR =173017, 173019, 033017, 033019, 172010, 032010,

&END

&TURB

END
END

HYDIN=1. OE10,

KEITER=1, ITKBUG=0,

&END




