Comparison of the neural networks with spline interpolation in modelling superheated water
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ABSTRACT

In numerically evaluating the thermal performance of the heat exchanger, numerical values of thermodynamic properties such as
temperature, pressure, specific volume, enthalpy and entropy are required. But the steam table or diagram itself cannot be directly used without
modelling. In this study the applicability of neural networks in modelling superheated water vapor was examined.

The multi-layer neural networks consist of an input layer with 2 nodes, two hidden layers with 15 and 25 nodes respectively and an output
layer with 3 nodes. Quadratic spline interpolation was also applied for comparison.

Neural networks model revealed smaller percentage error compared with spline interpolation. From this result, it is confirmed that the
neural networks could be a powerful method in modelling the superheated water vapor.
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Table 1. Input and output properties
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Fig. 1. Relations among thermodynamic properties
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Table 3 Structure of the neural network

d4H s 2B
) AR = 15 =&

24 = -

=5 & P R

298 Z 3=

g 3k Ao gAE &

A=l E}%—ﬂ A3 202 2719 =E(node)E ©]F
o] A ) H Z(input layer), ZtZ}+ 157019} 2570 8] ==& 0]
Fojzl 2704 -8- %‘-(hldden layer), 371 2] === o] Fof
A 593 output layer) 2. 2 T4 510} gleh. £F 4HS

T3 A 33 (activation
UEa S8 BEFd AFAEs
(hyperbolic tangent function) & 283} % 2.1, 7+F %] 8
Fol= x9Au 32| F(error backpropagation
algorithm)©] AH& % AT

g9 HE 37 UF 2
Bzt 22 2E ) HZ}‘%% Ahg-shef 5l g}
Qoo o] AxE vwaho).

A3 2 e 2 wbyde) 23E aRHe
g uusy] $std 4 @9 g2 HIs oA
A o} she] ALg-et ATk

It

&

(percentage error) =

688

XIUOC“XI'UG
error (%)= ‘3‘( e 100 @)

true

AN AHEE Ko, Koo & A2 EH 02 ALEE D
3h4 449 B A Yt A gke Lhehah
92~ 28 4= A9 Gl 330 el
& 228 BAZG E5 WS LEE A4 AE
iﬁhﬁ”*ﬂﬂ4h¢%ﬂﬂﬂﬂ”&%ﬁﬂ“
2348 v wsh] A% Aolth el F4 WA )
A hg Aok A% Aol e Aun WA o
A e57} 7 ], AA) TR A FAE 5 Aok

8 L 1 1
O neural network J)
{ 0O quadratic spline
4
=
s o)
[
g -
u oroe-g-o-f-o-8Bo-o-0-p-o--o
O
0]
_4 N L N N 1 N N
0 200 400 600 800 1000 1200
Temperature [°C]
(a) Specific volume
6 L T H
O neural network
O quadratic spline ©
4
% 2 O
o
[ =
ui
oloo—go B85 o0 8080848
©
, e LT ]
0 200 400 600 800 1000 1200
Temperature [°C]
(b) Enthalpy
4
0o
0 m
ol 0—goo—0—6E—0——m—¢p—8
R = b
Cl
=
=4
&
E O
L
8
o) , O neural network
O quadratic spllne
126 600 860 1000 1200

Temperature [°C]
{c) Entropy

% 2 WEE 2AHP=0.01 MPa)
Fig. 2. Percentage error(2=0.01 MPa)



1.2 :
| | o | |
| | |
| .
0.6\ Jlr 0 i - a
| : 1|
SIS : Q ¢ |
=00 - DOOBo0 G?E—I——f}f{}
2 l ‘ .
& [ l
06 0 gt - — B
O neural network i | :
O quadratic spline : Q
12550 400 600 800 1000 1200
Temperature [°C]
(a) Specific volume
2 — - :

O neural network
| O quadratic spline

I
T |
1*1' i SR A S ¥
9 | | : l
o | o o |
g | I ; f
Wwol lmpooold © o D Q-8 - e
(= [ '
A - R S A - B
| : [F l :
L . .
200 400 600 800 1 000 1200
Temperature [°C]
(b) Enthalpy
1.0 r
I |
o [ |
05! | S A A IS ____#_ -
. |
= : |
— 00—+ pCHon © B-9-o O£ 3 )
2 ||, o
w m!
05| - S P S
| © neural network tH
a quadratlc spline !
1.0

T y s I X { .
200 400 600 800 1000 1200
Temperature [°C]
{c) Entropy

a7 3 WEE X P=3 MPa)
Fig. 3. Percentage error(?=3 MPa)

2% 2 A o] AFS-E ZHA w2 94291 0.01 MPaoll
Aol AME HAET. dEZIE AL g v A A ojr}
deso] A, ~Ze9l BtHol AR gd R ¥
Ao Ag3ES RAFH.

T8 32 AHEE Y dHolY T T A AEkE
MPa¥ 74-%-¢] Az}olt). 001 MPad] A $-9f v = Al
A 2rfo] 2&gQ] B Ho) v} 958 AAE B
oAFEth 1Y JEETE A vA A e ]
gt = £ FEANA WEE QA7) ol AR = A4

o] R},

W

-

4 | |
e | I O neural network
| | O quadratic spline
I' I
S | | | o
puy l \ l
o i 1
£ o o ;
wonpo-8-g-8-——-8 08 +—0B;
e ‘
i 0O
O .
2l i O ll . | . ! )
400 600 800 1000 1200
Temperature [°C]
(a) Specific volume
4— ﬂ]
! a
oty o -8-o00 ‘&—E——d)——ﬂ 0 —p-
| O h
0 A R .
2 ! !
= || | i
g 80 | | -
u |
L I |
|
A2+ — — —- { ' '
| O neural network
| O | a quadratlc splme
1620 600 80 1000 1200
Temperature [°C]
(b) Enthalpy
4 I
F O ) ‘ o
0|}y B8—0-0-0—0—8—0—8—0—0
oo ];
AN |
St —
E o ‘
w
= E S — — - e ]
L O O neural network
a quadratrc spline
126 600 800 . 1000 1200
Temperature [°C]
(c) Entropy

a8 4 Y28 2X{P=60 MPa)
Fig. 4. Percentage error{ P=60 MPa)

a8 4= Ao AFEE I 431 60 MPadl A 9]
A}olth 3MPad 7 -9 v 2 AukA o 2= Al
Ag 2ol 2Zel) ugud $58 2g B
FRak F HEMH MES a7} AR = AL &

o AqH,

AAR O e o Aol qut 2Fetel vk
o] S5, TR 20] GAo)A A E 2o S5

A2 Yepto,

689



Pl FRREANGH =R 4127 A4

V.4 B

H9%7) 48 o) B thebe] A3 2 Yo% 2B
2ol H7PEE AMEete] B8 HAES R
SRELTER

2~Ze}e) ¥rkdo] AToz Yol Rugst
el B s, A4 THe REYE NP2
ol WA oz o B &g dolelol thated FHT
A% A%+ YTk

=8 0719} o) gol A YA o) BLZT] B
o A8 zo] AEek) w84 o $5%
P9 Felssc

[ 1] Domanski, P. A., “EVSIM - An evaprator simulation
model accounting for refrigerant and one dimensional
air distribution,” NISTIR 89-4133, 1989.

[2] 2, o 8 “Algd 28 A-7F 279 &
s nder dn =g, Al12d AE, pp.
1020-1030, 2000.

(318, w2 A5H, 14, GG}, Alolgn]
] 9, 2000.

[4]S. C. Chapra and R. P. Canale, Numerical Methods for
Engineers, McGraw-Hill Book Company, 1990.

[5]J. A. Freeman and D. M. Skapura, Neural Networks :
Algorithms,  Applications, and  Programming
Techniques, Addison-Wesley Publishing Company,
1991.

[6] J. W. Hines, MATLAB Supplement to Fuzzy and
Neural Approaches in Engineering, John Wiley and
Sons, Inc., 1997.

[7] olel 8 “A B3 27E o] &3 F7Fe] L)
AFdddian e T4R, A 103,
pp. 211-218, 2003.

[8] clEN & “A A2 S o] &3 AT 7le] BE
G, AFAAY SR A HAT e T4 =54,
A123, pp. 271-276, 2005.

[9] ol N &, “NAZEZHE ol &3 e =
3, AFAAPA R R AR ST R T L =vd,

690

A13Z, pp. 287-293, 2006.

[10] o] B &, R “A A3 2af& o] & F7| 8 &
FAL S YA R EA 3 =57, #1048, A
335, pp. 459-466, 2006.

[11] o] e 3L “A A3 2 F-& AL W& 2= /99 &
718 2dE) x| ARSI =R, 410

A, A 113, pp. 2008-2013, 2006.

KM ARIN

i ol ef & (Tae-Hwan Lee)

19793 A& el 7| AlF sk

(&8Ah
e 1981 d Mg ohstal gk 71 A ¥ 8t
AW i —
b, AR ) (& BHA A

19943 A ETjst et 7] A F k(3 shetal
19823 ~ 1983 (F)LG3} 8}

19833 ~ 19893 A 5T A utsf
199613 ~ A AFAHHY HFHEZ 3}
XOAEoE: GAY, Qudr) WEr)7], Ao

Jt o2

(F3HAh
B 1994 A ek o skl A 7] 3 gkt
(A4h

1997 FAMSHL W) 5he A7) 5 8o (3 s
1997 ~ 1999\ FAHA X ol 5h 2 7kAL

19993 ~ @A) A FAP HFER QLR Fale
Ao, Rlgted a2l 5, T & Ao,

2 &t (Bong-Hwan Kim)

SEECREELE

19933 FAM & ekl 7] Al 3 8k (3 AL
19821 ~ 19973 HUjFF4 A 7sd A

19973 ~ 20043 SRl 7] Al A v) 1}

20053 ~ dA AFAF sty AExpE e 2
XEAEOF: a7, 73717), A7) 2, A 5ol &



