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Dynamic Modeling of a Air-cooled Heat Exchanger

Akitada IZUME and Osam MIYAKE

Abstract

This report describes the dynamic modeling of an air-cooled heat exchanger.
Counter—-flow model and cross-flow model are compared in their step and frequén—
cy responses.

Heat transfer coefficients which are treated in dynamic equations. are
obtained by two dimensional temperature distribution of fin tubes.

In comparison with dynamic behavior of two type models, the More simple

counter-flow model can be substituted for more complex cross—flow model.

Dynamic Analjsis Sec. Steam Generator Div.,
0-arai Eagineering Center, PNC.
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Appendix. C HEHITESG

1&%&U§Am§ 2 REQE ThmE (MW)
1 100 100 30.89
2 100 0.50 19.88
3 0.50 0.50 1823
4 100 0.25 1185
.5 0.25 0.2 5 10.34
6 1.00 0.10 550
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be 20.490

340.5

- 2901

te1g.0i

2541

1~ 10.3

1+0.300)

1.000

i-8.208l
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HEoDEL 27

eS| 3t

ELREY

337.1
337-8

(=14}

RIG OGUILET TEHP. 1| C}

2000 (520)

3000 {5£C)

SODIUH IMLET TEMP.i L1
§60.3

SODIUH FLDR RATE.
1.000

RIR FLOW RRTE.
1.000

SODIUK CUTLET TEHP- 1 Ci

EE R

335.8

70001 1SEC)

A8 DUTLET 1EMP.T C)
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260, 9] I1SEC)
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7009 15eC)

SODUM JMLET TEKS.( C)
500.3

AIR INLET TEHR.( CJ
0.0

RIR FLOM RAIE-
1.089
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i5EC)
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1ZEC)
S00/UM [NLET TeHR.¢ C)
500,3
AR IMLET TEMZ.1 C©F
0.0

5001w Fui RATE.
1.000

te 1000
0.5 1= ) t 2080
SEOIUH QUTLET TER®.1 )
"""""""""""""""""""""""""""""" T R MEOELT T T T3NS T UTTA4ESY v
== HODEL 27 3410 as0.3
i~ 10,014
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25441 a6 i 706-
TTRSAITTTARESL T
2530 2806
I~ 20,07
t+0.2003
AIR FLOW pATE.
PPN 2.1 1. I 2.1 B
1.000 + +
9.0 ife-a T 700-q
1-0.3001
1+ 100.0
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t+ 1901
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= 19.04%
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Appendix. E o s A
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0-004
AUTO-COVARIANCE OF ESTIMATION ERROR
SHIFT-NUBBER= 100
~0.000 HAX= D.0034
i Rit= ~0.0002
SCPLY= 9-0502
b YEn R e S r . o st
TEST N0« M104 SAMPLE TIME 1 OATA NUMBER 500 LC= 3 NP= 100 SCALX« 4.1250
0. 1478 0.032  pAXe 0.0458
HlH=+£.1348
SCALY= 13.8
e WEIGHTING SEQUENCE | e e
STEP RESPONSE .1 1808 pe-0uain
ots4 192 iS5t SC‘iV“ 35-50
TEST NO. 104 SAMPLE TIME | ORTA NUWBER 500 LG= 3 NP= 109 SCRLXs 4.2500

¢
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2
E -
LJ J 0.453 HAX=+ 0.5546
T r AINs 0.45315
SCRLY= 0.0103
3
290, 20} a3l 398,184 HAXe 400.0102
HIN+ 394,271}
: SCALYs 9.5768
l S WP
- A Y
; ] i
U )
L i A
3 TR
E ¢
55
oo
=
B

‘

|

4
T T T
4

498 81
SAMPLE TIME )  DATA NUHSER 500 LC= 3 NP= 100 SCALXs 20.7017
NYQUIST PLOT 1 FREDIHZ)  GAINID2)  PHASEIGEGH
00080 42,692 -130.000
8000 42,5 ~-180.885
4 802 42,423 -197.927
180300 42130 ~205.850
+00409 41399 ~214.1382
] (00500 43.359  -220.000
~008C0 40- 48 -229.214
4 Q0709 89,714 =-235.735
1 40000 ad. =241.23%
Q03C0 38.908 ~245.71)
4 +01000 37.363 ~288.222
182900 ai-188 ~265.526
+03960 27.952 -278.875
-04000  24.713 -275.982
05800 21.379 ~2685.275
-0BT00 21,232 ~204.520
-0700) 19,565 ~292.387
+08900 17-186 -294.851
+09400 £7.781 ~505-089
- 10000 H

-399 ~300-443

TEST NO. HI04 SAHPLE TIHE | DATA NUMBER 500 LC=-3 'NP= 100 - - T
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. BOCE RLOT 1
10a1
s0
s
0 N -
<]
s
20 .
25 i S
z 20 E
5 5
10
n DEG?
- 160
M i, 2 La2s
. L
] — 270w
‘ - NaN S &
los &
Laso
105
“1.0%10°7 1.0X10°7 £.0x10°7
tH2)
TEST NO. mos SAHPLE TINE 1 OATA NUMBER 500 LC= 3 nP= 100
.
2,009 .
L AUTO-COVARIANCE OF ESTIHATION ERROR
A SHIFT-NUNBER= 100
B ;0000 MAX« 0.0028
ks -0.0853
- SCALY= 0.0002
P I e e e e B i e e B B i o e | —— o
T1EST NG.  H104 SAMPLE FIME i DATA NGMBLR 500  LC= 3 NPs 100 SCRLKe 1.1250
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~0. 191 u.007 HAXs 0.6022
MiHs -3.0858
5CfY= 13.3664
NEIGHTING SEQUENCE 1
=0-449]) J T T T T T T T T T T ™
P ) \\*\
STEP RESPGNSE . I. - . — — - 134.136 :?;”?i:‘?:‘ue
us 192 IS geary- 1319860
TEST ND. MI104 SAMPLE TIME ) TATA NUMBER 500 LC= 3 NP= 100 SRLXe 4.2500

MIA ] n ’]“ r n g “r ™
I
t
i
-
=)
& .
o u
il L | ‘ o e
L SL AL e L
SCALY= 0.9103
A
307.75 d pe 387,760 HAX= 389.4624
) ] KINa 358.0425
! SCARLYs 0.5440
By
i i wp
i
~ H
1 H # by
1 ; UH
' ' > i
Z iy [ y
g i i L
rvE ) ¥
23 H i
= i A
5= 1 H
=] H
Ly
H
013} T T T e
TEST Nq- j MI04 SRMFLE TIME 1 DATA NLMBER 500 LC= 3 NP= 100
u

SCRLX= 20.7917
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GRIN

NY@I ST PLOT 1 FREQINZ} EHASEIOELT
6.9000¢
4-90700
9.90200
0.00300
0.80400
4.80500
0-90500
0-70700
0.00300
0- 00500
09-01000
0-32000
0.03000
0.04008
0-05000
0.06000
8.07000
0.08000
9.9800¢
0-1G000 -30G. 000
i)
TEST MO+ H104 SRMPLE TIME ¢ OATA NUMBER 500 LC= 3 NP= 100
BODE PLOT 3
1oai
50
i
1 T
\\\
as
an
25 \
bol \v\
15 %
s
10
DEG)
— L1go
I
[ H L225
] .
F— | ] 270
M
315
-390
105
11,0197 1.0%10°7 1-0%3077
w2
TEST ND-  H1D+ SAMPLE TIHE 1 DATA NUMBER 500 LC= 3 NP= 108

_4l6_

PHASE
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