AulFg=g3 A 1549 Al 2 £(2003)/pp. 95-102

A4 4 Wgae ad A4

% a3
LGHA(F) v Eedo|d2d T4 YFIIF

Optimization of Heat Insulation System for a Household Refrigerator
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ABSTRACT: Optimization for the insulation thickness and external shape of a household re-
frigerator is performed in order to minimize thermal load through the insulation wall. The one
dimensional conduction heat transfer model is adopted to calculate thermal load. Calculus of
variation is employed to optimize the thickness and shape of refrigerator or freezer. The uni-
form distribution of an insulation thickness and cubed external shape make thermal load mini-
mize. Finally, by using both of the computational and experimental method, the thermal load
is minimized for a refrigerator/freezer. It is shown that there exists optimal thickness of in-
sulation walls and external shape for given the external cabinet dimensions and freezer and
refrigerator internal volumes, Also, the analytical results are well agreed with the experimental
results.
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Fig. 1 Heat transfer through a cabinet wall.
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Table 1 Temperature and thertnal load dis-
tribution through cabinet wall

Thickness | Ar pie ouatﬁr Thermal
e 1ICKness ed | W Wi
Position (mm) (m® | temp | temp ](%f,c)
(t) | (O)
Near eva. 97.8 0.029{-189{ 282 | 0.249
Lett A 673 |0158|~-163| 279 | 1.834
B 551 |0088|—149| 302 | 1.276
SUM 0.275 3.359
Near eva.] 978 |0029|—178] 276 | 0240
Right A 673 | 0.158|-160| 276 | 1.807
B 55.1 | 0088 |—16.0| 296 | 1.288
SUM 0.275 3334
Near eva. 88.3 0.047 [—17.8] 281 | 0431
Top A 685 |0238]-174} 279 | 2782
B 525 |0131]-124} 203 | 1838
SUM 0416 5.051
A 768 0357[-187{ 272 | 3779
Rear B 420 |0014[{-207| 275 | 0284
SUM 0.371 4063
Door 663 | 0.449|-1638] 28.1 | 5385
SUM| 21.191
Near duct] 569 |0.114] 42 | 296 | 0899
A 569 |0062| 60 | 299 | 0459
Left B 569 |0006| 42 | 296 | 0.049
o 569 10273| 45 | 298 | 2150
D 465 |0103} 79 | 328 | 0977
SUM 0558 4535
Near duct] 569 [0.114] 41 | 203 | 0892
A 569 |0062| 54 | 295 | 0462
Right B 569 |0006| 41 | 293 | 0049
c 569 |0273| 41 | 293 | 2.143
D 465 |0103] 75 | 312 | 0932
SUM 0.558 4479
Near duct| 715 |0.141] 51 | 320 | 0939
Bottom| A 683 |0167| 67 | 351 | 1.230
B 650 |0302] 63 | 285 | 1.819
SUM 0.610 3.989
A 795 |0530{ 39 [ 278 | 2825
Rear B 5.1 10069| 53 | 286 | 0505
SUM 0598 3.330
Door 528 |0904] 48 [ 288 | 7.269
SUM | 23601 |
ho=T7.93 W/m’C
h;=266/12.83 W/m’C(35/9%)
k=00177
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Table 2 Comparison of the results between
experiment and simulation

Qtotat (W) @ (W) g, (W) Ty (mm)| T, (mm)

Test| 448 | 212 | 236 | 66~76 | 53~80
Casel| 457 | 233 | 225 | 66~76 | 53~80
Case?| 426 | 208|218 | 84 67
W, = W—2t
W, = W—2t,

D/ = D— td/_ tf" tg,,'”
D, = D— tdr_ tr

V

I

Hf - VV/D/ (13)
VWM M,

H=""wp,

H - H/+H,+ t/+ tb+ t,
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Table 3 Simulation results for Case 3

Grotat W] @7 (W) g, (W) T, (mm)
394 199 | 195 67

T (mm)
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Appendix

..common Statement

common/fil/vf, vr, w, h, d, hm, dml, dm2, dm, dtf, dtr

common/thic/tdf, tdr, tb, tgril, tgask

common/alp/ df, dr, wf, wr, hf, hr, rk

common/qgfc/ atf, qdf, abf, gsf, gbaf

common/afc/ atf, adf, abf, asf, abaf

common/qgre/ qdr, gbr, gsr, qmr, gir

common/arc/ adr, abr, asr, amr, alr
open file

open(1, file="load.xls")

open(2, file="loadqf.xls'}

open(3, file='loadaf.xls’)

open(4, file='loadqr.xls’)

open(6, file='loadar.xls’)

open(7, file='loadqa.xls’)

open(5, file="load.txt')

read(5, *) vf, vr

read(5, *) w, h, d, hm, dml, dm2

read(5, *) tdf, tdr, tb, rk, tgril, tgask, dtf, dtr
dm=(dml+dm?2)/2.

write(1,400) vf*1000, vr*1000
write(1,500) w1000, h*1000, d=1000
write(1,600) w*1000, hm=1000, dm*1000
write(1,700) tb*1000

write(1,800) tdf*1000, tdr*1000
write(1,300)

write(1,200)

write(1,300)

do 10 i=1, 2000
t1=0.000001
t2=w/2.
t£=0.00151

do 20 j=1,10000
if(abs(t]1-12).1t.0.00001) then
go to 30

endif
tm=(t1+t2)/2.
x1=tre(tf, t1)
x2=trc(tf, tm)
if(x1*x2.1t.0) then
t2=tm

else

tl=tm

end if

continue

tr=tl

hl=tf+hf+tb+hr+tr

if(abs(h1-h).gt001) then

go to 40

endif

write(*,*) i, j

call heat(tf, tr, af, qr, qt, af, ar, at)

write(1,100) tf+1000, tr+1000, wf, hf, df, wr, hr, dr, hl
write(1,900) (h-hr-tr/2.-th/2.)%1000

write(2,100) tf*1000, tr+1000, qtf, qdf, gbf, gsf, gbaf, of
write(2,900) tf*1000

write(3,100) tf*1000, tr=1000, atf, adf, abf, asf, abaf, af

4

c

10
40
100

200
*

*

300
400
500

600
700
800
900

write(3,900) tr=1000

write(4,100) tf+1000, tr=1000, qdr, gbr, gsr, gmr, qglr, gr
write(4,900) qf

write(6,100) tf*1000, tr=1000, adr, abr, asr, amr, alr, ar
write(6,900) ar

write(7,100) tf»1000, tr*1000, gf, gr, qt, af, ar, at
continue

write(6,300)

format(2(f6.2, 1x), 7(£6.3, 1x))

format(3x, 'tf’, 4x, ‘tr’, 5x, 'wf’, 4x, ‘hf’, 6x, 'df’, 5x,
‘wr’, 4x, 'hr', 4x, 'dr’, 5x, 'hl’, 4x, 'gf’, 4x, ‘qr’,
5x, ‘qt’)

format(72(*-*))

format('internal volume : FZ=’, 6.1, 3x, 'FF=', {6.1)

format(’outer dimension : WxHxD=’, 2({6.1,” x'), f6.1)

format(’'machine room : WxHxD=', 2(f6.1," x'}), £6.1)
format(’barrier thickness :*, 3x, 6.1)

format(’'door thickness : FZ=', 6.1, 3x, 'FF=', 16.1)

format(f8.3)
stop
end

function trc(tf, tr)

common/fil/vf, vr, w, h, d, hm, dml, dm2, dm, dtf, dtr
common/thic/tdf, tdr, tb, tgtil, tgask
common/alp/ df, dr, wf, wr, hf, hr, rk
df=d-tf-tdf-tgril

dr=d-tr-tdr

wi=w-2stf

WI=W-2¢tr

hf=vi/wi/df

wrdr=wr+dr
hr={vr+dm*hm»*wr+0.004)/wrdr
tre=wi*df*(h-tf-tb-tr-hr)-vf

return

end

subroutine heat(tf, tr, qf, qr, qt, af, ar, at)
common/fil/vf, vr, w, h, d, hm, dml, dm2, dm, dtf, dtr
common/thic/tdf, tdr, tb, tgril, tgask

common/alp/ df, dr, wf, wr, hf, hr, rk

common/qgfc/ atf, qdf, qbf, qsf, gbaf

common/afc/ atf, adf, abf, asf, abaf

common/gre/ qdr, gbr, gsr, qmr, glr

common/arc/ adr, abr, asr, amr, alr

ai=wf*(df+tgril-tgask)
ao=(d-tgask)*w
atf=al(ai, ao)
gtf=dtfsrk»atf/tf

ao=(hf+tf+th/2)+w
adf=al(ai, ao)
qdf=dtf*rk*adf/tdf

abf=adf
gbf=dtf*rk*abf/tf

aj=hf*(df-tgask)

101



102

ao=(hf+tf+th/2)*(d-tgask)
asf=al(ai, ao)
gsf=dtf*rkasf/tf

ai=wi*(df+tgril-tgask)
ao=wr*(dr-tgask)
abaf=al(ai, ao)
qbaf=(dtf-dtr)*rk+abaf/th

qf=qtf+qdf+qbf+2.*qsf+gbaf
af=atf+adf+abf+2 +asf+abaf

fresh food

ao=(hr+th/2.+tr)*w
adr=al(ai, ao)
qdr=dtr*rk*adr/tdr

ai=(hr-hm)*wr
ao=(hr-hm+tr+tb/2.)*w
abr=al(ai, ao)
qbr=dtrsrk*abr/tr

ai=(dr-tgask)*hr~hm*dm

ao=(d-tgask)*(hr+tb/2.+tr)-hm*dm
asr=al(ai, ao)
qsr=dtrrk*asr/tr

c....machine room
ai=(sqrt(hm**2+(dm2-dm1l)*#2)+dml)*wr
a0=(sqrt(hm*»*2+(dm2-dm1)#+2)+dml)*w
amr=al(ai, ao)
gmr=dtrerk*amr/tr

ai=(d-tgask-tdr-tr-dm2)swr
ao=(d-tgask-dm2)*«w
alr=al(ai, ao)
qlr=dtrsrk*alr/tr

gr=qdr+gbr+2.*qsr+qmr+qlr-gbaf
ar=adr+abr+2.»asr+amr+alr-abaf
qt=qr+qf

at=ar+af

return

end
C........logarithmic area

function al(ai, ao)

al =(ao-ai)/alog(ao/ai)
return

end



