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##4270334421 : MAJOR NUCLEAR TECHNOLOGY

KEYWORD: LAMINAR FLOW/ FILM BOILING
TEMSIRI POMPRAPHA: A SIMULATION OF TIME DEPENDENT FILM BOILING
ON THE SURFACE OF A SPHERE. THESIS ADVISOR: ASST.PROF.DR. SUNCHAI

NILSUWANKOSIT, Ph.D, [82] pp. ISBN 974-17-1125-5

This thesis has studied and simulated the process of time dependent film boiling on the
surface of a sphere under the condition of laminar flow of the cooling fluid. A computer program
was developed to calculate the temperature inside a sphere, the film thickness occurred with
respect to a time and the film departure rate.

The spheres considered in this work were made of solid stainless steel with the initial
temperature that were more than the boiling point of the cooling fluid and with the radii of 5.56
10 and 25.4 millimeter. The calculated results of the temperature profile inside the spheres were
similar having the same decreasing patterns of the temperature along their radii with respect to
time. As the heat was transferred from the sphere to the cooling fluid, it caused the film boiling on
the surface of the sphere at the rate that was also varied with the time. The film boiling showed
the trend that the vapor film in the frontal part of the sphere was thinner than the rear part. On the
other hand, over period of the film boiling, the departure of the vapor bubbles from the film was
also observed. The film departure rate was derived from the experiment data show that it could be
described as the difference between two exponential functions that respectively described the
effect of the heat transfer rate from the sphere to the film and the heat transfer rate from the film

to the cooling liquid.
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3.2.2 ay mimiméiﬂ‘lﬂumuﬂu

1 = o A a a <] = v A
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A AA A ™ J s J J . .
quMsn (3.4) T¥eisonlagiia T naumsuiies-aland (Navier-Stokes equation) %

<3 Y =\ 9 o 9 ~ A o A 1 Y v Ja o
Lﬁullﬂ'l'lﬁilﬂﬁlﬁ (3.4 UANUADAAADINUNHUDN 2 ﬁumumu‘ﬂﬂmﬂam UINANTNNISNIUU
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3.3 deannigiuvesmsivailylinenfinus
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odfavevaLazanaNNFUso U TN IALI vwldauuagiuae T luau
a a o"dy
IMNUNUTH
= (%) I A wAa 1 o
321 M3 nanan1zedal (Steady-state flow) 1Huannziguanianieg ou
A A [ a [~/ o QBJ} 9
menieanumsna nelulfinesaiuguluduilsdduvesnar maade
a dyo 9 P 1 o J wAa 1 =} ] A 3
auuag M Ivinandume YL svenu auiaa1e Meununalauly
o
Aud
o E ] A A dy I
322 Smualisianuvusduuesved lvaliaingh ms wmatiazdums lvanu
8ad2 118  (ncompressible fluid)  tazimualinnunilavesves lvail
1 d' ] = U
AAINITUIABINY
323 WIS WMar e aralusnaseunsinay - meldineu lvvesns
lvauuus1uiSe (Laminar flow)
324 WNOITANNT MUY IUBANAIRIGNIANTINTELDN (r 0,2 )
~ = 3 Y Aa I~
325 wodlvad lvalinnusaau u, Ny Z ARINTINaNAUE 199904
\ S A1 P < A o
Tnaszanasedsiasalianiugud gUuuvvesnnusiaznlasunams
NUASAN (D) taznnu(2) Auaaglugin s
A v d' 1 = (% lel 2K A A
32.6 M malanyusnauuasuag luims mafeuseuuny Z aaiudaiimes

3.2.7

< [ 1 < A
ANULT INNLUATAN (1) UDZUAU Z Tﬂﬂ”lwmmwmmum 0 nsov 0= 0

9
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< o A ldg’ [
DNNIANNLTIMNNUUITAY (1) LASUNU Z "lmluﬂmgu o

Y = 9 1
LLNT‘LA‘JJE]?N‘JJNQﬂiz‘lﬂ‘uuaﬂiﬂﬂﬂﬂizﬂ‘u
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Liquid
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I

d‘ o o o . A a| d 1]
sUn 3.1 vuuiiassdmsumsnniinumsfeauuuiauInInansInay
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nndeauuAgIud Ay waunsnlsuaunsoysnLIaIaauNToYS N TN
v Y
Tugduoundedula

v YA
AUNITINITDYINHUIA ﬁ]ﬁJ”I'iﬂﬂﬂqﬁj‘]Jhlﬂﬂﬂ

Vv =0 (3.5)

td' = a o v dy
qUNIIN (3.5) mmﬁmmau“lugﬂmmwﬂﬂmqmzueﬂmu

li(rvr)+ N i
r or oL

ov, Vv oV,

r &

or r oz

=0 (3.6)

b4

4 @ = Yo A
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a v A
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p[vr 6er +Vv, aVij_ﬁ_li(”n) (3.8)

3.4 Amsudaumslugduuvvesaums G adu

Tuusilywgnuniigumsteglugduuvvesaums lusaduvates dums uaz
v v & LAY o A guny o oo & '
Aoamsudaumsnanaremaiinsounume i ldwaans Feaums lugduvuvesaunis b
a Y o g 9 ) Y Y Aan o gl d'dy A Aas o oy A o
wadusuudsaimauniyriaaedsmsiig lagluntzaenismsigiveaiaau-5u
a1 (Newton- Raphson iteration) s

+

1 Aa 9 d' Y =Y 19 1 o'/ A
FLUVAUMI WFUAUNYTLADUAY n TUAT uazumllugm n A UUAD X,,X,,X,,.X,

9
@ A

awnsodeulneglugiuunmaly1de i

fl(xl,xz,x3,...,xn):0
fz(xl,xz,xs,...,x 0 (3.9)

X X X X =0

Aa ad o oy =B [ A 79 ¥ 4 d o ~
UUIAAITM I IvIUIAY 1 ﬂf’]ﬂ13ﬂ§$Qﬂﬁalslfﬂlalﬂiﬂl‘ﬂmﬂiﬂlﬂ\iﬂﬁﬂ%u £

152noudle n duils Ao

fi(x1+Axl,x2 +AX Xy FAX g, e, Xy +Axn)

=fa(X1,X2,X3,-.-,Xn)+ii(x1,x2,x3,...,xn)ij Y (3.10)

73 OX |

~ J [~ A { ) 1 J v J
Tagluntl x, i=1,23.n mﬁauLﬂumum?fuﬁilzm"lﬂqmﬁqx%’mmaawwm X, +AX; ¥

' '
v A v A

o du o £ £ 99U s o Jo o Jo
‘mmiazw%uauﬂquu"lﬂmﬂmwm 2 Wﬂut!ﬁﬂ(@lng!‘ﬁaWﬂUﬂ 0 HAZOUNUTAIAUN 1) NN

9 A = o A 1 d v 9 Y Y 1w
ANUVNVDITUNITN (3.10) Tuvaz@en Ut nMI N FUN AU YD ITUNS THIMAY

Y
v A

4 o [ 4 . 9
UG WA IUNAGNT x, i = 1,2,3,.n laaqil

e
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n o of.
0=Ff, (X, X,,X; ,xn)+zax—'(xl,x2,x3 X JAX (3.11)
=1 OX |
430
ZﬁAXJ = —f, (3.12)
i1 OX |
aumsil 3.12) awsadewldedlugiveanasng I8l
[ of of of of, |
1 1 & 1 AX - fl
OX, OX, OX,4 X ,
of of of of
2 2 2 2 AX s fz
OX, OX, OXg oX
of, ot of, ofs | ae be s .
OX, OX, OX, oX
of of £ . Ol 4| ay ‘.
| OX;  OX, OX,4 oX, |
waznnaumsii (3.13) sunsodeuiidyydnsl lnege fail
3] faxt == } (3.14)

d' 1 a % QI a Q‘{ a
Taoii [J] Bond nladioumwnin (Jacobian matrix) didulizdnsveauainmldnn
o,
i T Ay
OX |

e ldszuuaumsvesilyrwazamniosaldeglugduuudusuluaumsi - (3.14)
1 F
ud - dalagyimsdaiendaums Iagdsmsiivednian Tsmldu | dszaeudae

Y Y
Tuaouas lil

udaums

ey = -

Y
v A

Y
Tasd18nIA k LNUMITRIEIATIN k

=
=).
[a—y

(3.15)
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VUA 2 MUIUAWAENT In1n

Ot = I F + {ax (3.16)
g’l d‘ [ o’d‘ Y "9 o’tﬂlz 9 A 1 [ 1R o"d’g 9
Vun 3 ATNTDUNAANT N I NAT M UNUNNGL 1 v5e'll windeludunamngs13

U

Y v Y
Tgoundu luvivun 1 51 1ua

3.5 Fmsudanmslugduuuvesaumsipaay

ld'BI o

) @ 1 1 B

ﬁ'n’ii‘]_]‘ﬂﬂluw”Iﬁ':luﬁlﬁfy‘ﬂ@@ﬂﬂ?iﬂﬁalf(]ﬂnlﬂg@giugﬂm@ﬂﬁuﬂWﬁﬂaTﬂﬂ qunIg G']?QL‘IJLl

A v Y} P Ay o A Yy Y o ¢ a A 9
AUNITIVITU !Lagﬁ@\iﬂ'ﬁlLﬂﬁjJﬂWilWﬁ’]H‘Wiﬂllﬂu!W@(lW"lﬂNaa‘W‘ﬁ 141ﬂ3JmJﬂ”|3LGINLﬁuGIgﬂ

wits Remnsodonluguiglalan

Xy +apX, +aX, +-+a,, X, =b;

Ay X, FApX, +8yX, +:-+8,, X, =D,

Ay X, +8pXy +8Xy +oo-+8,, X, =D (3.17)
A, Xy Fa,,X, +83Xs -+, X, =0,

~ g 9 A o 1Y 1 °
nnauMsn (3.17) Hilszneudieaums m aums wazlidr ligan m S unu
4 - [ [ a 4 -
Tag x| e j-=1,2,,m dasiia, dududszansvegaumsiio i =1,2,...,m uaz
j =12,...,m @1 b, 925en11AMIAI(constant)

Tagaumusuduaananauniadoulieglugiunin sienddamaidiiu

[A]l- i }=8} (3.18)

]
~ 1

d‘! A a [ a Q’l 9 4 A a o 4
wo A ﬂ@LNﬂiﬂﬂJﬂQﬁMﬂi%ﬁﬂﬁ@]Nﬂ NINULASLINADT {X } ﬂﬂ!ﬂﬁiﬂﬂlﬂﬁ@]’)tlﬂi LINADT

{B } fio mwainvesnineia fiude
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all a12 a1m Xl bl
a21 a22 a2m X2 b2
= (3.19)
_aml a'm2 a‘mm a _Xm_ _bm_

Y a Y 3 Y = a d < a o
114ﬂ13uﬂ‘i’]aum"ﬁzuuauﬂmmmuuu 111N NITVVIUNATNS A 1T UHAVDITDIUNAT NS

A
19

[A]=[L]- U] (3.20)
Taoh [L] Ao lower triangular matrix(HamFnmmzidunzuoayunyuuuFogyua1aN

' A o 1 Y A . . A a Y
uaﬂumum1muau‘wzumyn) uag [U] A® upper triangular matrix(N AW IFNRNISITY

1 { 1 ] a 4
nueININYUUUSIegyua e ludiungandndungueayw) wu Tunsalveunasndg

9y 9 A o d’ld
VU1 M x m FUNITUVNNAU IEUANHUSU AD

a‘ll alZ a'13 a'l

m all 0 0 0 _ﬂll ﬁlZ ﬂlS ﬁlm 1

Ay 8y Ay Ay Ay Oy 0 0 0 By Bs Pm ( )
= . 3.21

0 0 -0

ml m2 m3 mm m1 m2 m3 mm 0 0 0 ﬂmm_

Fegmnsal¥msuendiudseneuaumsiedu ieudilawusuduls fe

Al g =)o) ki = L)) = B (3.22)

'
v A

Taolumsudfyrwsn agshmsiingan dmfunnmes Tash ¥ | = [U]- | sfufe

L]-¥ =18} (3.23)

Wonswe ¥ | sgawnsadimar {x | 18nnauns
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Ul =¥} (3.24)

1 t g
aumsusnansounilaym 1@ Taomsunuar lshawid (orward substitution) Futlulaw

AUMITAIH
L (3.25)
q
1 i1
yi=—|b; = Zaijyi (3.26)
& j=1
Tash i =2, 3,

TuwszRaumstaesenansoun oy 18 Tag nsunuand (back substitution) 1ufe

- (3.27)
B

BiX, (3.28)
IBII JZ*'J- :
Taof i=m -1, m-2 .1

d‘ o 1 a 1 o ] a 9 9 09.:’
Weduammaundouaazdumdsluwain [L wag U] mnaumsdeduiiaesss

AunIomMmasLuDIgaauNTIFIdld

3.6 Iwamemasaeaioaga (Least square fit)

3.6.1 ma3oaoeuaduanlsiaed (Single variable, linear regression)

I A o o o { o 4
TuasnlFlumsadeilanduduasedmsoyavesdoyandmuandd 7 32

U
9

~ ] . + U A Ao Y o Y}
Llﬁﬂﬂﬂgﬂﬂlaﬂmﬂyjamﬂigﬂﬂﬂﬂﬁﬂ X; Iae \2 I@EJ i=12,n HUﬂE]ﬂJfl]'IU'JuGU'E—HJ”ﬁVNWNﬂ n 6U'[:]ll"ﬁ

& 9 ) P w A
Faansoad waumsiduasslugiuuvvesilanduas
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g(x)=a, +a,x (3.29)

19 1 9 ~

< 1 { A o
Taw a, waz a, Wumnehd lidauazdosmsduamanaumsi (3.29) aums

u

9 dy o Y a 1 Aa o w A 9 A 9 9 Ao
LﬁumQuwﬂmﬂﬂmmmwﬂwmﬂmmﬁaﬂﬂﬂmaﬂuaﬂﬂ?gﬂmmumglanﬂﬂlauuaﬂmwuﬂm

Y A

Yi

Y2

Y3
Y1

51 3.2 lsiduduassdmsvgadeyansmuamly

v
1A

A < 1 o 1 9 . 1 Jd o A g dgl =
mﬂgﬂm 3.2 WIHUNAWAUN X, VOIVDYA i 1ﬂq Avolanyu g(x) NATNVUNAIM

1 1 9 L% q'; = 1 a 3 d' a dg’
!,Mﬂma"lﬂmﬂﬂwmmmga y; 1NN dx,) HUHWGIIAIANUNANAIA (E ) NINUANNAVUIN

9 3 9 2 A l @ csy
Yoyaniavua n Yoya Fudeueglugiunugail
4 2
E=>[d(x;)] (3.30)
i=1
viomoulilan
2
E=>lyi~g(x)] (331
WInhaunsi (3.29) 1 x=x, unuasluaumsn 3.31) wwla
4 2
E=>1,; (@ +ax;) (3.32)
i=1

A % 191 Ay Aadl o w 9
NNFUNITN (3.32) ﬁnﬂiﬂ‘l’ﬂ@’)llﬁ\lzﬂ? a, tag alﬂ@lf]iﬂWiIﬂﬂ?ﬁﬂWﬂ\iﬁ@ﬁu@ﬂq% (Least
2 & ax 1o C. . . 1 a A 9 v @ 191
square) %QLﬂH’J‘ﬁﬂﬁ?ﬂﬂWﬂ’Qfﬂ (Minimization) "UfNﬂWTJ13JN¢]W@1@I@EJLﬂﬁJ’JGU@Qﬂ‘UG]’ﬂ§J'g',fn

A
o
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E ) (3.33a)
oa,
E o (3.33b)
oa,

e

[

~ Y v J ~
HaLNFUNTN (3.33a) Iinaansall

2Z:[yi _(ao +alxi) _1):0

na, +(ixiJal = iyi (3.34a)

ZZb/i _(ao+a1Xi)](_Xi):0
i=1

iXiYi _nzaoxi _i:alxi2 =0
i=1 i=1 i=1

[ixiJaoJr[ixfjal:ixiyi (3.34b)
i=1 i=1 i=1

9
=

aumsf (3.34a) 11az-(3.34b) 1Wou lieglugiluewni naail

>

N 2% | [ag] [V

i=1 _ i=1
n n n
in zxiz al zxiyi
i=1 i=1 i=1

a dJo 1 dy o A 14 Y Y ad
NNNATNFAINANIUTINITONIANDUAD a, Lag a, llﬂ IﬂﬂﬂWiL!ﬂﬁgﬂ‘UﬁﬂJﬂ'ﬁﬂfJﬂTﬁ LU

A o o Ay ¥ = Y Y] A a g
mammmuﬂmmuaﬂuﬁnfm”w (3.29) ﬂz”lﬂauﬂmaumqmmmmmmammmmmu
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3.62  msoaeemBudurialefnys (Multiple variables, linear regression)

o @ S { <3 13 A
Tuhwesdeiniugailesnduduasmuaumsi - (329)  sgmuiduaumaFadu

o

d‘ z:? LK LY 9 =\ = 1 [ [
Tagnaaulsaw y muagﬂumuﬂmu X INEIANUAYD mmm“lumﬁlmum w5 y A0
4

9

1aeatl

=2 v o o

1 9 9 1 z:! [ d! = U [
Yuagnuamlsau x 1AunnImied Feenunsmdeuanuduius
Y =F (X, X5, Xgpm0 Xy ) (3.35)
d’ o U Q’J}
Tasf k unudruuglsiamiue

1 1 Y
mindeyavesdutligw y infaswulasliamdantsdu x , j= 12,3,k Manua k @
o 9 [~ A A @ [ ~ @ A
annsarhdeyammasaienaaimsasuilasvesaals y fuduls x fazd laegh
[ A A a dgl 1 a Y [ ns: o 9 J v A
anvazmInjasumlasininatued luguuvveusauan auivezimsaialendu ¢ nuls

v o ¥ 4 D) & 9 oA
WUNY x; laTaeisuanms gaumasadu aedl
g =a, ta,X; +a,X, +.. +a,X, (3.36)

I~ 1 R (] [ % o a, o w
Tav a , j = 01,7 k Wudaeiii igmzsannsodmnu laedihdideniosga Ao

= a J 3 Y A A J v @ dy
HUTUNITUDINNUHNANAA (E) VBIVDUATNHNA n ﬂlﬂuﬁa‘ﬂlﬂﬂﬁlﬂullﬂ%']ﬂﬁﬁﬂ%u g NU

n
E =Zb/i @yt AKXy boeee B X (3.37)
i=1

4
1 %

qa/’ o 1o a { 9 v Y1
NNUUNINMTHINAFAVDIANUHANA A (E) Tﬂmﬁmmmﬂum”lugm 97

FNg
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4310
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E _y
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o g 4! = Y L] a [ dy
HaZIININTENININANE FaausowenliedluginInacl
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