= Winter 2016

R

NEWg
& %
S -
SEARCH & DISCOVERY & <
- =
RESEARCH AT ISU & EDH =) «x
OV QA
V
% s
Application of Grey theory to measure the e s
thermal properties of a lumped system
{& 2 Poisson Equations @ R 1 & solvation free energy —t5 IR
#) B Bacillus cereus ISU-023 82 B B RIS R P R — 4 XA

E-DA HOSPITAL



RBEF & FREEHFTHEIIE E LRI E 4B
CRERBAEKE ATFREBRHKEXK

20165 It BV PRARER & A RHEER LWL IR

— B EE ARFTABAGEE "ML, 42

EHUEERR ARREE T4, B2

Application of Grey theory to measure the

thermal properties of a lumped system

{& 2 Poisson Equations [ %K i+ & solvation free energy

#) @ Bacillus cereus ISU-02% B2 E B LR EFBR

10
13
16

19
29
35

41
44
59



KBES & FREBHT 6
B3 E) ¥ LRI E 4 BY

EARBRRKEE > ZTAFTHNELF > LERT
105#& T 474 % ¢ M"F#’?%&F'Léj Aes s B >EI1573i F

AE e Blaf? > it uarE- 2 FEH o

’

2 A BEI01E Bhed 7 TAIRTAI L aAe B 2k 21 B 2t

30342241002 F =@ 2P A ig&%ﬁ%ﬁﬁ
Fooke TORHES Soi ) BT vk R ER R s R B



R R R EANE S 2 B2 A G REER O
bk EE R R E EF R f AEE S AR £
bl p N A EREFP A REIE 13 e

B=
TEHU T E AR T AT

=N

4
% E P T "Unishare (2% ) | Fpim > L ¥
BIT B - fFPR A F2 ERUZ TP 2514
o PR EMAEAIE > BENHI PR FE,T LT
PR AE-FapEARRL s BF LA NE R LT

F - X o

EFFERRAERT AT ASREF L P Eng



LplERT 2 EH A RBIAIERRE > Ber SR T
Fis e o i R PR EE 2 PR
BIAT ~ AIEen T2 4] A« g Te fr- ) Lps

BHRE >~ RIERIARE C A RS TREFE TV H R

- RBEREgp T P o RE S A REAY FI{ER
FIF R o

B=

B TRIFAIES v RN E  d BAAREEESR
AFA O ARFMFEILY A IR BRE TR B
AFEIT~FRES > B2F2 LFTHFAM T BN o £IFT



1T SF Sk
= / /J gz‘\ = ;3;":3‘1
7T B3 R EBAPH A

¥k k
LLEJ r%’@é%@?\u ’F”F_

RAL AP ML %
P REF A R AL
raé%ﬂ*;ﬁ]

//

Y Q ﬁ ")‘L )J— N I: '_ ql-
g (

 FeE 2 EFEF A

SN E 3
g;¢¢

2
AR
B

G R)E Ar

T}



6 5 B £ K15
EFRERKEXR

P LB R RS AR AT A E RN j\ﬁ*/ﬁ
B R EFTP-F B :£67.5% 0 v > R T 4P %530.45%

B

ns

FAA R oY 2 ABEE I REE LGRS 2RPISE
sﬁ”ﬁ LHWEE RIS LIS AR

BE &A1 15 BeIERL - RRSIREBEIRBHE
TR 2HEY HEPSTIE ARG ERFISEAET
ok o Ak HaoE p e Ay o wE P aES

kj
- %> CHEBELIAE R R ERF L RAE R



SR A AR GBRI YL T HFY P EROF LA
ER A5G e} pﬁcfgﬁkﬁﬁ;}sd% ; i\aagg 2

BER (8) EANSENRHBRBREFRES



@ﬁj%ﬂ%ﬁ;é@a@w,Fzgg%ﬁ,gg%»ﬂ~

KAEZATRAT C RRS EHEEL 2 kT
E%‘«i%‘j‘rh'/;’f: » BV | f:’f.',l',—“}l‘— ; ?Kg‘»jﬁ X BB uz]; 7 j‘a_%fi f i 4

T ER T NE ¥

BANBREINPHRABEDERAER - RESAR



20164 1t B B 2808 &
RREEZLOLRE

HETAEFIT T F ﬂlagﬁhimémxﬁﬁﬁm
72016 5 A W% 3 P THAR — e, R EE- £
K-t » 2P FE & 10 a3t AR TYNE 2 BZEY

NHFE r 28, > (HTERB > SHITK-

z’?ﬂ

AIADE 2016 SUBIIRHNERMRXBBET 1 £ 2 38 3 RER

10



YR HEYRYEE e B A G- ¢ Ak

&’éi*%ﬂ?ﬁiﬁﬁ%%~migs?ﬁ@%’%%%
FE X .[L-I’]“’F Rl 2 7H‘A B~ TR 4R ?‘J?ﬂfé N =

¢ % £ 4z
@~@§%ﬂaW%i8 Tho R R AT R >

ERREIEMEE (K) REIXEXESKRAEN "YOEAR
RYZUVMBEANES, EFSRRATA

LT (YR BAYYFE » et 254

B E A Y
A HEF R

EFRTYREF R ERY FR

e 0

B

,L

F

_iJl‘J'/?'F Eﬁ#—#—l‘ 1 m %'ﬁgziﬁﬁj% FE V) ;§

S

N

11



BrYRYHEE S TSR (P EEERF BB
Praldem B2 2 R ER AP -
"YU B 2 BEYAYNFE ~ el | X AME > T AR
Ao EYAYF A P EA LBt I EITHHE o
HpFaYF AR EYYEM e R daRk 83
%ﬁ’*?%*ﬁﬁﬁﬁﬁF%’V AR R | %
N R SN T

BRA AT EAFER AL B gAY hitE > &
4 Aafer g Y A #\j\,j*'“;"ﬁﬁ%—mq};,rfp D T,
LR RHALE %#Bﬁlﬁﬁz\ TR AR

E

12



— % o o 4
ARXRFTRBBER "HEAMHE ) £

TR AR AT A EAIRTT A IR AL

PAFERRF AT > 2 TBiRs ) 2 Tt dZ

BE-ERPIPEA ¢ > F RN - F o *L/,,\»fig_,;;;]%? ISRl
LE PE/%EH‘%@/ES » BT E AN ] ELFTT A

TRk A EE | o

EHRVRNEGHRERIN - ERERBEMBR

13



AECHN PF R P A 29T R
HPBAFAALL o8 3 REDGFRE D[ RE 2 WRp o
PrPEREOpALELE S NG A Fa TR
Weipl o A AR R D R REERATRIE BT
90% 14 + > B~k iljgﬂ%ﬁﬂ; ¥k n 2 ] o

fEERNadABE T RNEHR R VEAEIEEN

14



Bedf 4 HE S ERA T A wm e T akirEn
# | GMP(Good Manufacturing Practice ) 5 ~ & = e &i# &
P B AL [ 2R £ R AR L i
R AEFEE A B FRF R E ’L”’rﬁﬁfé’i—#ﬁ =S
B A&Sc ML £ BISORMIRES 2 45T
GMPiuig % » A kB2 R L 2 AR E > B 7 '“F‘f ik
Bkiv o

EApFTY AP i ERARR AT B4 vEEER
TR EA105E T ARTAIE Y o H R
TERIRTFTH kA > R BT R ¥
L ET A e R ST o

15



SR AN T IR AR \
ARRE W s Ak IniEL & ;‘3:_;,;’* godr Top pe 3r (%
| F A
= &ﬂﬁp%’—?%fﬁﬁ %ﬁféﬁ I
3R APPRP AR R IFR -

BAARBREERERT (BEFE) -BRET (AHkk) -8R (BHE) -
FFREMASHLIRERBHEANEREER

16



SR FCRRAL B B R D HIER R Y F 0 E R E

SEANMRXBRERRRRRABRNCERNBAKNSRESE
MRRAR (E-)  RETR (&) - BFR(E-)

TR R, R E RN S R Y R LR

ot W b d B £ 4R B R R R K B P T

T~

17



BeZ e B U8 2 o P % A (Emmanuel Lubezki) &7 B2
(5 ~ (Birdman)) ® enda#&+ 2 ¥ DT B4 o

kPR R IR B AT T - BIR 2
B - :'q&;;iasv » A M T dpHER L LR P TR E AT R e

{

v

\\\

N

p
Ié 9

e e BARR AR B REL R O 2R

o

|~

(

®

Bl

!
ETTR

7,

CE L ERREL R 4 @ AR § RS
PHRALENA S FAFART AW g B A

R ene S o RTR LD ERER R o TP
&ﬁpFJaﬁ%%?i?%@—ﬁ%?’iéaé;%@

‘f“"’ X Kgr"‘(]L’Jri-g ’ ;)‘ %\—"\—"i ["]K;{gr. o

18



Application of Grey theory to

measure the thermal properties of a

lumped system

Chun-I Chen

Professor, Department of Industrial Management, [-Shou University

Abstract

Grey forecasting is well established
and is widely applied in various fields.
In this research, the possible application
of Grey theory is applied to the
measurement of thermal properties in a
lumped system. This novel measurement
technique could be treated as inverse heat
transfer problem. The results showed
that the grey forecasting is feasible in
calculating inversely unknown thermal
properties, heat flux and heat transfer
coefficient by measuring temperature in
the lumped solid. And the result show its

feasibility in application to this real world
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engineering practices.

Keywords: grey forecasting, lumped
system, heat transfer coefficient, heat
fluxKeywords: grey forecasting, lumped

system, heat transfer coefficient, heat flux

1.Introduction

Lumped system is defined as the
distribution of temperature within the
solid at any instant can be regarded as
almost uniform[1]. In this research, a
novel measuring technique of thermal
properties of a material and heat input/
output on the surface or in the solid

is proposed by taking advantage of



lumped system characteristics. The novel
methodology adopts concept of grey
forecasting model, GM(1,1), to achieve
the purpose of this study. Normally, it
is easily to measure temperature than
thermal properties, heat flux and heat
generation. This research proposes to
measure temperatures at equal time step
and to calculate the thermal properties,
heat flux and heat generation inversely.
Grey forecasting model was
introduced by Deng [2] nearly 40 years
ago and it has been widely applied in
the social science, energy consumption
forecasting, and various fields [3-9].
Very rare articles, or even none, are
related to heat transfer engineering. Grey
forecasting determines the coefficients
of governing equation inversely from the
recorded data by least square method.
The main idea of grey forecasting
is analogy to linear regression. By
recording data from real word system,
then a regression is performed to fit the
recorded data and forecasting could be
applied by the regression function. The
difference between grey forecasting and

linear regression is the function adopted.
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In linear regression, the straight line is
applied, but, in the grey forecasting, the
exponential function is adopted. The
exponential function grows with curve
which could fit data with flexibility than
liner regression.

Interestingly, the governing
equation of grey forecasting is identical
to one of lumped system. This is the
motivation intriguing this research to
apply grey theory in the field of heat
transfer engineering and to provide easier
measurement technique for thermal
properties, heat flux, and heat transfer
coefficient. Grey forecasting could be
deemed as inverse heat transfer method
as explained above. Shumakoy [10] was
the first one who proposed the concept
to solve inverse problem in the analysis
of missile nozzle and rocket nozzle.
Afterward, the various applications are
widespread in many engineering field
which is called Inverse Heat Conduction
Problem (IHCP). In this type of problem,
the known condition will be temperature
which can be measured by thermocouple
or pyrometer. The unknown parameters

are boundary conditions, initial



conditions, thermal conductivity, surface
temperature, surface heat flux and internal
energy source so on. Initially, Beck [11]
proposed the Duhamel' s theorem to
predict the heat flux of the object, and
the least squares method [12] to solve
the instability phenomenon. Afterward,
many researches were done to improve
the IHCP. Zhang, Reilly, Cockcroft, &
Yao [13] proposed an inverse conduction
based method have been developed,
verified and applied successfully to
temperature data collected from within
an aluminum casting in proximity to
the mold. Woodbury, Beck, & Najafi
[14] adopted the filter concept opening
the way for the development of new
scientific instruments that incorporate
inverse problem methods. There are
many researches [15-19] still working on
inverse heat transfer problem and all of

them achieve many advances in this field.

2.Mathematical Methodology

of grey forecasting model

This section reviews the operation of

traditional grey forecasting in detail.
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Step 1: Assume that the original

series of data with m entries is:

X ={x01),x”(2),....x" (k)

where raw matrix X'* stands for the
non-negative original historical time
series data.

Step 2: Construct X" by one
time accumulated generating operation

(1-AGO), which is

X0 ={x(1),x"(2),... XV (), ... xV ()

where

k
(k) =Y 206, k=1,2,..,m.
i=1

Step 3: The result of 1-AGO 1is
monotonic increase sequence which is
similar to the solution curve of first order
linear ordinary differential equation.
Therefore, the solution curve of following
differential equation represents the

approximation of 1-AGO data.

A (D

dt



where ~ represents grey forecast value.
The a and b are model parameters.
A (1)
x ()=x"() is the corresponding
initial condition.

Step 4: The model parameters 2 and
b can be determined by discrete form of

Eq. (4)

A (1) ~ (D) A (1)

d X :th t+A)-X @) ... ®))
dt At—0 At

If the sampling time interval is unit, then

let Atr—1, and the forecast value is
approximated by 1-AGO,

A (D)

X Ot )= XV (k) = 2Ok + 1)
dt
s K123, e (6)

~A (D)
and X (?)1is defined as
A (D

model parameters 2 and b are

m =(B"B)'B"Yy oo )
where B and Y, are defined as follows
—z02) 1 x7(2)
B —Z(l') 3) 1 Y, = x(o)'(3)
—z(l;(m) 1 x(o).(m) ....... (10)

step 5: Solve the Eq. (4) together
with initial condition, and the particular

solution 1s

A (D)
X (k+1)= (x“” (1) —éj e+l
a a

Hence, the desired forecasting output
at k& step can be estimated by inverse

accumulated generating operation

(IAGO) which is defined as

X O)zPXYk)+(1-P)xV(k+1)=z"(k +1) O +1) = 2Ok + 1) = 2V (k)

where Z(l)

is termed background
value, P is in the range of 0-1, which
traditionally equals to 0.5. The source

model then can be obtained as

xOk)+azV(k)=b , k=1,2,3,4,-

From Eq. (8), by least square method, the

22

3.Derivation of lumped heat

transfer system

3.1 Mathematical modelling of a

lumped system



The lumped system is defined as the
uniformity of temperature within the solid
during transient. It is applicable only
under the condition of Biot number less

than about 0.1, that is, if

where £, is the thermal conductivity of
the solid, 2 is the heat transfer coefficient
at the outer surface, and L, is the
characteristic length of the solid body,
defined as

volume
L =

surface area

Consider a cold solid, which satisfies the
condition of lumped system, of arbitrary
shape, with mass m, volume V, specific
heat ¢, initial at a uniform temperature
7T,, suddenly immersed into a higher
temperature surrounding which the heat
flows from surrounding into cold solid.
Apply the energy conservation to the
lumped system shown in figure 1 and the
governing equation will be arrived as

dT(t) _ O(t)
dt ol 4

where Q(?) is the heat flow into the solid

from the surrounding.
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3.2 Convection over part of the
boundary surface, prescribed heat flux
over remaining surfaces of a flat plate
Consider a flat plate of thickness
L, initial at a uniform temperature 7.
Suddenly one of its surfaces is subjected
to a uniform heat flux ¢g,, while the other
surface exposed to a cool surrounding
at temperature 7] with a heat transfer
coefficient /4. Figure 2 illustrates the
schematic representation of the problem.
The heat flow Q(7) is the total rate of heat
transfer into the body, and the Q(¢) is

determined as
O(t) = Ag, + AR[T, =T (6)] ovvererenne. (16)

where A 1s the surface area on one side
of the plate. Introducing Eq.(16) into Eq.
(15), we obtain

dr() | Ah

A%
T(t)-T, |=—
" pcV[a) ] paT

subject to the initial condition
@) =T,
In order to simply the Eq.(15), new
parameters are introduced
o0)=Tt)-T,, 6,=T,-T,

thAzh A%z%zh.@:g}@
pcV pcl’ pcV pel pel b h




Then Eq.(17) and Eq.(18) becomes

do(t) q
—, TQo00= 970 for £0 ......... (20)
Ot)=0, at(=0 ..o (21)

The solution to the above initial problem
of nonhomogeneous linear differential

equation is
_ 4y | o, Y90
() ‘(6’0 p je T for 50 ....(22)

4.Application of grey
forecasting on measurement
of heat property of a

material

4.1 Analogy of grey forecasting and
lumped system

Observing the governing differential
equation, Eq.(4) and Eq. (17), and
solution of grey forecasting and lumped
system, Eq. (11) and Eq. (22), they are
both ordinary differential equations in
same form and have identical form of
particular solution with the equality of

coefficients as follow

4.2 Lumped system analysis

One example is taken from
Bayazitoglu and Ozisik [1] to show how
grey forecasting model applied. Consider
a large aluminum plate, shown in figure
2, with density, p=2707 kg/m’,
specific heat,c=896 J/(kg:°C)
of thickness 3 cm is initially at a uniform
temperature of 50°C . Suddenly one
of its surfaces is subjected to a uniform
heat flux of 8000 W/m’, while the other
surface is exposed to a cool air at a
temperature of 20°C. The heat transfer
coefficient between the air stream and the
surface is 50 W/(m’-°C). Assuming the
lumped system condition is satisfied, the
temperature distribution in the solid could

be obtained as

_| g _9o0 |, 9o
9(”‘(‘90 P je T, for £0 ....(22)

where 6,=T,-T,=50-20=30°C
» 4o =8000 W/m*, h =50 W/(m*°C)

b1
pcl 14553

Then, the temperature distribution

function is as follow



0(r) =130 %% 1160 °C

4.3 The application of grey forecasting
to measure the thermal properties and
boundary condition

The above is the direct problem of
lumped system. In case of unknown heat
transfer coefficient and unknown constant
heat flux boundary on the same situation
shown in figure 2, these two parameters
could be calculated by the measurement
of temperature in the plate by grey
forecasting model. In order to show how
these two parameters calculated, the same
problem above is also adopted. In this
case, the heat transfer coefficient and
constant heat flux are unknown, but the
temperature is assumed to be measured
by thermocouple. The temperature could
be obtained by Eq. (25) and shown in the
table 1.

Before proceed to follow the
procedure of grey forecasting, the
measured temperature is the solution
of Eq. (25), which could be treated as
the result of accumulation generation
operation (AGO) of Eq. (2). Therefore,

there is no AGO operation of raw data
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(measured temperature) needed. The data
of table 1 are substituted into Eq. (9)
directly and x ={30,5.25,5.04,4.83}

, xV ={30,35.25,40.29,45.12}. The B

and Y, matrix are

~-32.64 1 5.25
B=|-37.77 1|, Y, =|5.04
-42.71 1 483 .. (26)

Then

} 0.04122
“1=(87B)'B"Y, =
b 6.59564 (27

From Eq. (23), heat coefficient is

calculated,

b 2707 x896 x0.03
1455.6

=49.99 W/m* -’ C

and from Eq. (24), constant heat flux is

calculated,

q, =6.59564 h/a =6.59564 x
49.99/0.04122 = 7998.93 W/m® ...... (29)

The calculated heat transfer
coefficient and constant heat flux are
approximately the same as real value.
The error mainly comes from the round
off during calculation. Through this
calculation, grey forecasting model is

proven to be feasible to determine the two



unknown parameters in lumped system

by measuring temperature.

5. Conclusion

In this research, grey forecasting
model is applied to calculate inversely
the thermal properties of a material or
heat input/output from external surface,
constant heat flux, from interior, constant
heat generation, when the lumped system
is applicable. By applying the novel
methodology we propose, the engineers
or researches do not have to measure the
difficult measuring coefficients directly.
Instead, they only have to measure
temperature inversely. Through the
simple calculation, the thermal properties

and heat flux could be determined.
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Table 1 Assumed measured temperature at time step 60 sec.

Time (sec) 60

120

180 240

Temperature (°C ) 30

35.25

40.29 45.12

Figure 1 The schematic diagram of energy balance of a lumped system.

Figure 2 A plate with a constant heat flux and convection on each side.
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