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Thesis Title Heat Transfer Enhancement on Surface by Using Pulsating Jet
Impingement
Author Mr.Ekkapot Vichianchot
Major Program Mechanical Engineering
Academic Year 2012
ABSTRACT

The purpose of this research is to enhance heat transfer rate on the surface with
pulsating jet impingement. The experiments were conducted using ball valve to opened and
closed to generate the pulsed jet flow. In the experiment, the case of single jet impingement was
studied and then the case of 3x3 inline array of impinging jets with 3 rows and 3 columns was
studied. In addition, the case of continuous impinging jet was also studied for comparison. For the
variables in study include the nozzle-to-impinged surface distance L=2D, 4D, 6D and 8D,
distance between jets S=2D, 4D and 6D (D is the diameter of jet at 16 mm.) pulsating frequency
=0 Hz, 4.5 Hz, 9.25 Hz, 19 Hz, 28.5 Hz which calculated in Strouhal number St=0, 0.0074,
0.0152, 0.0312, 0.0472. All of experiments were carried out at constant jet Reynolds number of
12,000. For heat transfer measurement, temperature distributions on impinged surface were
visualized using temperature sensitive liquid crystal (TLC) sheet and the distributions of
convective heat transfer coefficient were analyzed with image processing technique. Flow
patterns on the impinged surface were visualized using Oil film technique. The velocity of jet
flow was measured by using hot wire probe for measuring the distribution of velocity and
turbulence intensity of free jet flow. In addition, Computational fluid dynamics software was used
for studying the flow pattern of jet impingement.

In case of the single impinged jet, when the pulsating frequency increased, the jet
flow change velocity continuously and the turbulence intensity in jet increases. The heat transfer
on impinged surface with pulsed impinging jet increases slightly when compare with continuous
impinging jet at L=6D for case of St=0.0312 and 0.0472, increased 2.93%, 3.37% respectively.
For case of array impinging jets, the heat transfer coefficient on surface for pulsating impinging

jets is higher than case of continuous impinging jet for case of S=2D, L=2D, St=0.0152 and
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0.0312, increased 9.73%, 12.48% and case of S=4D, L=6D, St=0.0312 , increase 2.71% and
case of S=6D, L=4D, St=0.0312, increased 3.29% and case of S=6D, L=6D, St=0.0472, increased
1.38% and case of S=6D, L=8D, St=0.0074, 0.0152, 0.0312 and St=0.0472, increased 11.61%,
5.64%, 8.63%, 1.57% respectively. This is due to change of velocity with time according to
frequency of pulsating jet via simulation results. When the jet flow impinged surface, it generated
circulation flow which the center of circulation flow move in radial direction of jet. The generated
circulation flow will disturb the previous circulation flow with deceleration as the jet
impingement distance increase. This affected on boundary layer with low velocity which
destroyed by pulsating flow and enhance the heat transfer on jet impingement region. For case of
array of impinging jets, it found the same effect with case of single impinging jet. The pulsating
jet flow can improve the problem of impingement between wall jet flow for case of S=4D, 6D

and reduce the confined problem for case of S=2D.
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h, Ap FUUsEANTMIMNANUTOUUVUTTTUIA [W/(m-K)] [26]
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o f1® A1 Stefan Boltzman W11 5.670373x10"° W/m™ K’
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' [1+ (0.492/Pr)9/16]4/9 (3.16)
9B (T, — T)L3
Ra, =
“ v (3.17)
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v
v = a

fo dulszansmainnuieuvesemeaiigurgil 25°C [W/(m*K)]

Ao AMANNENEABULIANL (Characteristic length) ﬂlﬂﬂﬁ;’uﬁ’a [m]

Wre 79 A8N990ur1mes Iuanlans aqaminy 0.24 m

A9 ANNEVBIHLINDS TNEAIAATAAAINIAY 0.24 m

Ao M Rayleigh number

Pr Ao A1 Prandtl number

g Ao AwseIruareveslan [m/s’]

B fo 1/(Tg+273) fodulszansmsvenemamandouFaines
(Volumetric thermal expansion coefficient, [K_l])

v Av AMANUNTIAFI9aY (Kinematic viscosity, [keg/(m-s)])

a A9 AMANUUNIANUTOU (Thermal diffusivity, [m’/s])



45

o

1 4 14 1w a Jd o s A Li’ Aa o Y
AUALEN :JmE)'imww%qmmzmumma@uummmaauuwummmm"lﬂ

v o

Y
NNANUTURUTA

_hD (3.18)
Nu = X
— _hD (3.19)
Nu = T

[

A o a £ 9 A o 9y v o dy
Tﬂﬂﬂﬂ']ﬁuﬂjgﬁﬂ‘ﬁﬂ’ljw']ﬂj'llliﬂ‘l!lﬂaﬂ ﬂ']ujmhlﬂﬁnﬂﬂj']llﬁuwu‘ﬁ JU

E _ ‘?input —O0&riC (ﬁ‘} - Ts4) - hc (ﬁ - 7}) (3.20)
- T, T,
Tagii Nu Ao snfai@amiuwe Smasuuiui
k Ao duilseans mthaNuZeuuese1ne [W/m'K]
A a0 Muffnannasunnudou [m’]

o v A [ 4 Aa a a % 1 ya 4
ﬁTﬂi’]Jﬁﬂﬂi'lﬂa°UuL!Nulfl/]@iTNﬁﬂ?ﬂﬂiﬁﬁﬁL!@ﬁZi}ﬂﬂlﬂ\?ﬂ?W Fﬂgclflﬂlﬂ‘i'lgﬁ

a [ 9 4 v J 9 v oA ~ g’/ 1 [ g’;
ﬁmﬂﬂhllﬁﬁﬁ;ﬂﬂl’ﬂdﬂWWVl@ uazgﬁmmﬂwaﬂmmmiauuuwummm‘maaﬂmuwu ANUUY

Q U

4
aums (3.14) gungiiveduaazyanmannsa lgsnnumdulszanimsmanuionld

U < .&’ d
3.5.3 MIMaNUIZaNEMINIANNIUVUNURIMENANAN TNUATIZHAN

a 4

4
[ a A % Jd o
Gluﬂ'liﬂ'lﬂ'liﬂi%%'lfl"ll’f]\‘]ﬁllﬂi%ﬁ‘ﬂ‘ﬁﬂ'lTIN'lﬂﬂWN%@uW%’f]ﬂ'luﬁl“ﬂﬁ@]uNlﬂ@i

'
a2 Y '

¥ a H I~ ] o o ] I'd a a a %
yuiuiRAIneru ansori 1dlasihzla ldninmsoenmasarumoes Tudndansdea
a 4 4 . g’/ a 4
maaznlszuanalasldTdsunsun@oulu TUsunsy MATLAB $90UABUMTUATIZH
= = % dy
MNUTIALIDIAAI
A =) 1 14 a a a v A A Y4 9
(1) engUmsudasdvosurumes lnaniansdaanon luwanganuiou
asnamils Tasmelugidesansdlugisguugi 29°C <T <46°C
4 1 ] I'd Aa a a o 4 a J 1
2 Tnanlddslorevosnumoeiludniansadandean1snsziidng
Tal51tn5y MATLAB

(% ' { a 4
3) aagllimdemmzaruidesmsins 1z



46

]

7 . <
@) szahgiumenesndsznouvesd R, G, B uazldsudoyamiuszuy H,
S, 1
(5) UnuUAURAT H voduaazgamnluaumsiunegungil (aumsin 3.11-
3.12)) 1eMIToYAN1TNTZPYUNYUVOWATZYAN N
9 r'd
(6) lddoyanisnszoroguugluuiuii A ruruidudse@nsnisn
9 Y1 w a o v P < g‘/ g a 1 A A o a o 9
anuiouTaglem i@ FaniuuesNNTL N ININUAT LazAURBINIINITIUATIZH Iae s

auMsN (3.13)-(3.20)

120
100
7 80
60
40

20

XD X/D
1 1 4 a a a o @ v oA J o 4
(n) gﬂmmmumeﬂmﬂmmam (v) qﬁjﬂﬂ?iﬂi%"lﬂﬂ@nﬂlﬂﬂuﬁ!%’a‘VILllI!,‘]J’E)ﬁ

~ @ ] o a Y 2=V
5UN 3.12 LLﬁﬂQ@]']@ﬂ’NWﬁﬂ’]iﬁ’]ﬂ’]iﬂﬁgGt]']flsll@\iua!,“]fﬁWL!Nlﬂﬂiﬂ”lﬂQ]WﬂﬂTTIIﬁgilfJaﬂ']W

RT

AematinNII AATIHNN

{ (% ] a 4 ' 4 a a a v 9
gﬂ‘ﬁ 3.12 LLﬁﬂQﬂ’J@EINﬂ1§’3lﬂfﬂ$1’iﬂWWEIJ’OQLLNuLﬂﬂiIMﬁﬂﬁﬂﬂiﬁﬁaﬂ’Jﬂ

a a 4 a H 1 I'4 a a a @
mﬂuﬂmﬂmiwwmwiﬂﬂ%sLﬁaﬂmwmwwmnmﬁuwumaﬂuamﬂmﬁmuﬁm?{aa

U

9
] [ [ Y] a a 4
Tusae 29 °C <T <46 °C daaasluzy 3.12 (n) ndsmniuag ldmatianisinsiginm

v
A o

U v J { v J
Taglaamlangniudouvesglndeniaeg Wanganudoudduiuninannis (3.14) uda
a 4 1 1 ] 4 a a a (5 Z
ANTIZHIABZ AN MYBININEIeTUHIMDS Tuandans ddaatz TAn1NN1TnNIza188 U89
v A J o 4 o o (% a £ {
Wengadiiuues lnemuiunnauns (3.18) uenanilmidulsza@nimswminnudounae

1 o oA o { o a { 3 a
uazmummaﬁumua%mﬁa mmsammmmﬂqmwgmaﬁﬂuu‘wum



47

= v & A a vy a Aard o W .
3.6 miﬂmel1anymzmi"l'ﬁamaam‘nuuwummﬂmﬂum/laumuu (Oil film)
~ ~Aq Y = ] <
JUN 3.13 naasganaassnlglumsdnyianyazms lvaveudnenauy

A A yyvgw a Aq y= o ' ) < A a 9 9
‘W‘L!W']llﬂ‘l‘lf‘ljﬂﬂﬂaﬂﬂmNﬂiﬂfﬁﬂBTQﬂngﬂ"lﬁﬂ"IEJW]?"I’J"INTE]HGU@QH]TIUHWHW?NTTJ?%EJﬂG]i"]f

o w

A " oAg 1 = a g 1 I ] a o 3
T@mﬂa&Jmmumwwwumﬁ]1ﬂmumJmmummmaﬁmgﬂmmuwmamﬂiasga$w1Wamu1mu

¥
Y o A a

1 a 9 A g 1 A g 1 ar d a
'1J"N"]TJ‘L!LLW‘L!‘Wfﬂ'ﬁﬁﬂiﬁﬂ"ll!Vlli]‘VW!Q‘]J'UUJ'E]H]VI]lWaV!Q‘]J'UT\Ia?JU ll‘Llﬂﬁ]zLﬂﬂﬂTill‘ViaﬂuwuN

o q ¥ 3 o < X aygy
mldaansamudnyaems vaveuanuuiuni'lé

—

Temperature

— controller Blower
) Pulse valve
Motor mechanism = Inverter
Al —t
( J/ 1
impinged surface Movable Heater
T
Chamber

X === Orifice
|z
|

Manometer

Oilfilm ¢ plate Mesh plate

A Aq = o I dy a
51U 3.13 uﬁmﬂmma@m1%1uﬂwsﬂﬂy1aﬂymzms'lwmmmwmmﬂuuwum

QU

b4
o [

Y o [ a A g 1 dy a Y = A
111ﬂ1'51/1ﬂam"lﬂuumuwammiamwwwuwummmaumuﬁﬂnmu
1 a) = J a A o 1

ﬁ]uﬂﬁll“]J’OQW"li"lwuLL‘]J”]JL‘HaTJNQll‘W‘W”ILHElllnlﬂ@i’)ﬂ"l‘ﬁ)’ﬂllazﬂiﬂii’]!,ﬂﬂﬂNﬁﬂﬁ]uﬂ"ﬁﬂﬁll
¥ @ I < g}/ j’ a g’/ 2 o 1 Aa a g}/ Y o
8:2:IIﬂEJM"IWHﬂIﬂEJVITL‘]JHWﬁN‘UN gl ‘1/]7]‘1/]\1W‘L!N’Jﬁ]1ﬂ‘L!‘LH]\1‘LﬂLLWUWﬁTﬁ@ﬂiﬁNT@ﬂ@QHﬂﬂU
I A g 1 o [ ] ] < A o A Y ] A ~
Glgﬂ‘ﬂﬂai’]\uﬂuig‘L!"I”]JVIL%TW!QGHMET"IWTUNLN51]’EJ\1LLN‘L!H]'VIVITE‘T@"ILW@GlWﬁ"IiJTiﬂﬁQLﬂﬁﬂil?ﬂlﬂ

<] Y a d %} @ dy a Y o [ Agd A ' ad %l @ =
mﬂW@WTNanumuaaﬂmﬂwum"lmmi]u'ﬁaQmﬂmﬂmm”lwawwm\lanumufﬂwu‘ﬂﬂmw
a %‘ Y] dy a 9 Y] ] a 9y 9 aa =
ﬂ1iul,°ﬁﬁ"lj’€]\‘1°|/\lﬁllu'lhuﬂuwuN’J%'lﬂ@'luWa\1"11fNL!NuWﬁ'Iﬁ@]ﬂiﬁi@ﬂi‘]ﬂﬂﬁﬂ\?@ﬁ]ﬁﬂa‘ﬂu‘ﬂﬂ

~ ar o %} v A 1
msilasundasvesauihniunnaini o



48

3.7 aulsnlylumsanmn
o v W 1 1 4 <
dmsusulshldlumsnaaslszneudisduriugudnarsneluvesgian
< ¥ a {2 1 1
D=16 mm 526291n11NN190DNVDUINDINUAINAINKIYY L=2D, 4D, 6D, 8D T2HZHI
1 o g { <
511981190 S=2D, 4D, 6D HazANNDVDIINAD 0Hz, 4.5Hz, 9.25Hz, 19Hz, 28.5Hz lag
o I 1 J v 4 o o
mMuantlumalaignnatiuwes S=0.00, 0.0074, 0.0152, 0.0312, 0.0472 AINEIAL (AN
~ = 2 o A 9 = A
aumsi 3.6) uaz lunsimsnaasuandufedvz 19130819110 16 mm Hogasanan
< o ° A ' an A A & 7
WunanlTashunlasuudueeiilaain 9 3 maoiisamilagmiiu
~ = o 1 ~ Y ) [ o
A15199 3.1 uanesivazveavesniulsais q Al¥lumsnaaes d1m5uan

'
a 1 =

] 3 X Adal A g A 9 1 ]
wlsszezrinaninthinnigesnveudndanumIndnwesuiaenlalunisnaassedluaig
[ 1 o a 1 1 o I 1 o J v P FY
L=2D-8D Haz3zgeHIenINGUINDY 1ur9 S=2D-6D dmsuausd luaaiueinlslums
Y A VA [ X ' = 1A A aw " Y=R
naaes ladenmneglugiams lvanuutuihwiissaufen iiesnnluauiselulddnyina

o o Jd o 4 <}
EU’[’)Q@'JLUJSliﬂjuaﬂuulﬂﬂjmﬂ\uﬂﬂ

A = (Y A A F
#1319% 3.1 LLﬁﬂ\‘lﬁ"lfJﬁgL’E)EJWU@\W]'JL!‘IHLlﬁglﬂﬂullﬂlﬂisﬁcLUﬂTﬁﬂﬂﬁﬂﬂ

9 ] 4 T3
mmmﬁumug{uaﬂammﬂiuﬂmmamﬂ (D) 16 mm
] o J v o
AN5E 1UAAT VDS (Re) 12,000
QUNQIIAN (T) 27°C+0.2°C
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2

a

a [ 4 a [
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ap 2 d (u)=S5 “.1)
ot T ox P/ T om '
{ <
Taon wu; A9 AWIG [m/s]
H v Y ]
S, o WaNNNAIUIINMINIZNUBINIANANIAZIHAIR UTADY [27]

a v d Ly
aumswamgsnyiumuﬂu
a Y] 4 Y I { A
ﬁmmil%‘ﬂﬂlﬁﬂ‘lﬂhﬂmuﬁu (Conservation of momentum) Lﬂuﬁmﬂﬁ“ﬁ@‘ﬁ‘uw
A ~ Ay v Y A A o Y
mﬂmimaaum@wm”lwaﬂ'lﬂmmﬂﬂmam 2 UDNUINU (Newton’s second law) A9

o v J 1 o 1 = I @ 14 s}wg
ANVUTUNUTIEHINUIANUAIINLT mJﬂunJufmmiTmuumu“lugﬂnﬂmai”lﬂmu

(') 0 Ju; OJu; 2 0y
j L 4.2)
at (p )= ax; 6x <6xj ox;] 3 Y ox; PG ™ Fi
Tegd P A9 ANAUADA (Static pressure, [N/m’])
gi Ao usaTua9vea TaningzyinenIa (Gravitational body force, [m/s’])
F; A9 1159M8UDNNNTLINABNIA (External body force, [N])

[ L4 a 1
aums (4.2) 1Weulugunueysny (Conservation form) 05118 1A HATIN
9 H H
ﬂl@ﬁl!ﬁ\?‘ﬂ\‘]ﬁﬂﬂﬁﬂigﬂ?ﬂ@ﬂiﬂ?ﬂiﬂ?ﬂﬂﬂﬁ}@\uﬂ”lﬂﬂWﬁﬁ'JiJGIJ@QGGWTﬂWﬂ‘IJafJ‘LlL!‘IJﬁ\‘]GUf’JQ
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law) GﬁﬂﬂﬁWH!ﬂulu@ﬁiﬂﬂﬂﬂ1Nﬁuﬂ (Viscous stresses) L‘V]']fT‘UWaﬂmmﬂﬁﬁﬁi’lﬂﬂ’lﬂlﬂﬁﬂ@ (Strain

o a £ A . . . = A sldy ' 2 J
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J . .
a1and (Navier-Stokes Equation)
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ﬁllﬂ'li‘l/lﬂﬁ'l'Jll'lui'Jll‘Vl\‘]ﬁllﬂ'lil!'llﬂ]Elﬁ-ﬁi@]ﬂﬁ!‘l]uﬁi]ﬂWiﬂW’lWﬁlﬂaEJﬂ’lﬂﬂWﬁ
a S 1 = ] ' dy a3 ] a
ﬂﬂ‘l@]ﬁ'lﬁ@]iulll'ﬂﬁw!,"UfluizUﬂﬁllﬂ'liElf]fllﬂa’luclugﬂllﬂﬂﬁlﬂﬂ@nll LWi'I$'J'lL°]JHi$1J°]Jﬁ1Jﬂ']iL‘]5\1
v d . . . . v oA Y Y Y . @
OUNUDYDY (Coupled partial differential equations) naans v ladesaeandes (Satisfy) N
9 [ = J o A 1 dy 1 1 a Y
nﬂﬁﬂJﬂWiWi’ﬂllﬂu HAaZANNIINDNTIUNUN AD ﬁllfﬂiLﬁa1uﬂ§1u§ﬂllﬂﬂqﬂl%ﬁlﬁu (Non-

. . & = A A = Y1 A
linear equatlons) L’]Jum'ﬁElm‘ﬂﬁ]zﬂmamaEl‘i/lmEIWINGQLLNNLQE)MMHI"IJE)UL"IJG] (Boundary
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.. @ 1 v < 2 o Yy an Y
conditions) 118z aNYMF1319 (Geometry) voIdyn19zI18nM N 20N 1HRITNsUNTRyriIves
9 ax 4 a o 9 a s 9 =3
Tva dre3Fwarmansved ImaFaauaa Iasldllsunsuasuiuasswandunuimlums
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4.1.2 aumsamsums lauuuifuilu
M3 lwavvuiuihudunislvanvedlvanaeunesreludluszideou 1
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t
5109 4.1 ugasnimanuswesms lauvviluilu

U

v 9
msnfasulasanuiiaunsouanslugivesaums lddsil
u;(t) = u; +u ;(t) (4.3)

L < { . .
Tagn  4; ABANITUNAY (Time average velocity, [m/s])

!

o4
u';  Aeanws INasuulas a aila q (Velocity fluctuation, [m/s])

a 1 <3 o o
NNAUNT (4.3) 1115003118 1aANuEvesve Inadmsums lmavuw
y N ] 1w <3 { g 2 ‘ i
TuthuseliaumnuauiEnae (Time-average velocity) UInAUAMNMSMaeunilas w
. . J = ' = . . a Y
nanla (Fluctuation velocity) TagAunaeslues199a11l4 (Time-averaging, T) #1:1501873 1@
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;(x) = Tlll?o Tf u; (x, t)dt (4.4)

2 A o A 9 o 9 g A (a ¥ aa g
GINLiJ’E)‘VI']ﬂﬁmaﬂllﬁ?ﬂ%ﬂﬂﬁﬂ’ﬂmﬁﬂﬂlﬂaEJ‘L!LL“]JQQ 1) L’Jaﬂﬂ 9 Hulauilu
o ’ ] = [ A o A 1 & Y o [ d A
AUy (u i(x, t): 0) L‘]ﬂllﬂfJ’Jﬂumel']ﬂﬁmaﬂ“lu‘]f’NL’mﬁ’iuﬁi‘ﬁﬂUﬁiJﬂﬁfJHiﬂ‘HL‘]NiJ’)ﬁllﬁg

U

S J 4 9
guMsIes-a land ﬂgllﬂ'l']

op, 0 . _ (4.5)

6p+6 0, 0% 2 0F ( )(4-@
dx, " ox |“\ox Tox;, 3V ax Pt

dumsf (4.6) Hisena Reynold-Averaged Navier-Stokes (RANS) daunalan

A = — 7 A Y J* s R g hl X '
aumsh (4.6) Wnowves —puju/ Ao ANMAIE Iuad Funeuililunavesms Inailuiu

v Y
a K [

o Y 1 Y a @ Yy A o o ~ ¥ = o g Y
VI'IGI,WVIJJﬁHJ'IiﬂL!ﬂﬁiJﬂ'liHN@laliﬂ‘}iﬂ,ﬂ Lummﬂﬁnu’mmuﬂimwmm muummtﬂumm
21ABLLVTIa09NINAABY (Semi-empirical model) Yo3nNNITU W1 TUAITAIUIV e

o X U dy 1 K @ 1 (% ara J
GI,‘L!ﬂ1ilaﬂﬂ1%}l,!ﬂﬂi]'lﬁ’E]Qﬂ'lihlﬂallﬂllﬂUﬂﬂuuﬁ@Q%uflﬂﬂﬂﬁﬁWﬂﬂi]i]fllﬂfu anyauznaNand

U

oI5 1va Yszinnveatlyrinaz szaUveInNUULUENADINTT

4.1.3 uundraesmslvaiiuih (Turbulent model)

Glmm%"af?%“l%lmuﬁi’mmmﬂwaﬂuﬂ’m Realizable k — € model Lﬁﬂ\ﬁﬂﬂ
Wunvusraesms lnaduilufansainenslnaldgndesuazmiug uazld
wﬂ’mmmﬁi’mazﬂiwaawamﬂaﬂauﬁagﬂa§ﬁ®8 ﬁm%’mmuﬁmaam'i"lwa‘ffuﬂ’gu
Realizable k — € model Qﬂw”mmmmmmmi’mmms"lwaﬂuﬂm Standard k — €
model

HUVUI1ae4 Standard k — € [27]
L!‘U‘U%o'lﬁﬂﬂ Standard k — € ndJumJ°1Jﬁwammﬂwaﬂuﬂau‘ﬁimuag

A Y o £ B} A ~ ° ~
duysaingalunisldiiurenislva daldaunisnisndeunlunsmulraniios 2
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A A A o S A ~ o
gUMS A0 AUNITNITIARoUNVeINaIINIanTuY U Lazaun1sTNISIARoUNVDIOAT
' Y
msaareduilu uyuiassilldasunseensuedraunsvatolugaainnssy
drsvuyudiaeenis Inatyuiliy Standard  k — € tnouAI1MIAY
o 4 Y I o Y Jd a Y o @ Y A A
e luaagna s uaNuFUNUTIFUTUAUINIIANVIAWRAY TagANUKHHALL Y
Y U o [ o J o [ & af 1
Jutlau (Eddy-viscosity)  vzgamvualiiiuanuduiusrondsanueaiiuilu
(Turbulent kinetic energy, k) 1tazoas1n15aa181u1)au (Dissipation rate, €) TaglFauudgiu

VD3 Boussinesq Ao

T = — 2 pksy + aﬁi+aﬁj 4
—puiu. = —=pks;; —+— 7
pu; J 3.0 ij M ax] axi 4.7
k2 (4.8)
=oC —
Ut p % €
Taohl g, Aeanwnilauuuiiuglag (Bddy viscosity, [kg/(m-s)])
k Aondsnaaiuuuiiul u(Turbulent kinetic energy, [(kgm)/s])
€ Aosasimsaareuuuiiugau (Dissipation rate, [m’s’])

~ =KX A @ v ~ 9o
NNANNTN (4.6), (4.7) wag (4.8) WVIUANNFUNUTUVITUNITN ¥ 18049

D Y
M3 Inavvuuifualiu'ldail

dx; 0x dx;

d d d dk
E(pk) + — (pku) = — I(u + ﬂ) —l + G+ G, —pe—Yy+S, 49
7 J

uag

(pe) + 5 ( )
5 (Pe i pPEU;
2 (4.10)

_ 0 (+“t>ae + Cre = (Gy + C3eGy) — Crep—+ S
_axj u 3 axj 1ek k 3¢YD ZEpk €

[

{ a o o o U { a { < :
Taon Gy 9 opsIMsnanasnuatduthunnannmsdasundasanuEinae

Gy

[

=
f
A a X 1 A a 1
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Yy 0 Hamsveneanuiuniuveseonsinmsaatsduiliu
A y U d o d o @ @ o o '
o, o anuiuuveswaunmimueidmiuwasanusauuilu
A U J v d o v W ' 1
Oc Ao anuiuvvewmauniuueidmiuoasimsaaetuilu
A I J AAar o dy
TaeNan Cye, Cye, Cy Ok, O¢ Wuaaan Uaaai Cp = 1.4, Cpe = 1.92, C, = 0.09, oy =

1.00, o = 1.30

IUUD1009 Realizable k — € [27]
° . I ° X ' A o
HUVI1EDY Realizable k — e Hunuusiasinis lmailuilhunamwiuan
° = 1 o o Y 9 A
11UI1a09 Standard k — € UATANUUANANNVLVVTIAIV19AY 2 U525 Ao Usensusn
o . Y. ) [ y 1
11191204 Realizable k — € lanaumsdmsuanuiluihuveannumila dnilsznis fe
A A o v W y ' = 2 '
aunsmsndeuidmsveangydarenuuiuihudsuaunsvumnlvinnmsaunms
A A .. . Ay YA o ~
M351AAUNYDY Mean — square vorticity fluctuation Y32 Towiif laneuvyudiasslinnuainise
o 9 ] o 4%1 o ~ td' 9 [ @ A
Tumsihunelauiuduniulumsinnents lvamerdesnunmsnyuiu mstendivie
= Y X o . Y (a ° A
mMsnyuaou 1udu FwnuTiaed Realizable k — € laldsudunisnismuirunnunila
Tuiliu 4.12) Fauanaraesnlda1nuuusiasy Standard k — € Av

— 2

0
2 = k- —_— i)
u 3 k — 2v, Ep (pu;) - @ (4.11)

v, =/, (4.12)

k o 1
i ) — (4.13)
€ 0x (o) > 3C, 37

~ — A = 4 2 2
Tagh  u A9 ANUATIARAYAININ (Normal mean stress, N/m”)

A v d' .
V¢ Ao ANIALMABYDINT THa (Strain mean flow)

{ v o o s Y 9
%Wﬂ’ﬁllﬂTi‘ﬁ (4.1 l) ﬂ’Nllﬁ'iJW’L!‘ﬁ"ll’E'J\1Wﬁ\1\11u%ﬁullﬂﬂﬂuﬂ’3uuﬂ$@ﬁ§1fﬂi

v Y
aanenvuiuthulvudluaumsaai
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d d d He) Ok (4.14)
—(pk —(pku; =—( —)— G G, — —Y S )
at(p)+6xj(p ) ale‘u+0k ale'*‘ kT Gp — pg— Iy + 5k
(p)+ ( u)
g (+“t>a + pC,S. — pC ¢ +¢.2c6
ax] u a PL1O¢ p2k+\/% lek 3€ b(4'15)
+ S,

n k Mo o
C1 = max |:O43,m] , 7] = SE, S = ZS S (4.16)

NUVVINA0N Standard k — € ﬁnmﬂumiﬁmDmmmwﬁﬂﬁuﬂau ﬁf]
A ) 1 I 1 ~ 1 o . '
aumsi (4.8) wazannsamuuam C, 1ua1nan ualuuuudnae Realizable k — € A1C,

g I A o Y [ dal
uu]’luﬂﬁﬂllﬁgﬂ’]ujmqﬂﬁnﬂﬁuﬂ’]jﬂ\clu

1
C j—
U * 4.17)
AO + A kV
Vi= [S.S.. +0..0 (4.18)
= [2UCu T 59y
aij = ‘Qij — Zeijk Wy (4.19)
Q= Qy — 265wy (4.20)

Tagh Qj; A0 WATNUDINMTHYU LAz MMUAMIAIN A, 1az A, Ao

Ay = 4.04, A, =V6cos® 4.21)
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d. 1 S:SkSu
Tagh 0= §cos‘1 (Vew), w = %’;kl, S= [8;S;,
6 1[0y N dy;
y =9 a_xl a (4.22)

Tagmvuan1AINa1e 9 ¥e9aums Ao ;. = 1.44, C, = 1.9, 0= 1.0, 0, = 1.2

4.2 aaan¥lumsdrasamslvia
517 42 uaassivazidon luman 14 lunuuiiaeanis Ivalaeldldsunsy
[ [ e [

ANSYS  Ver.13, Fluent 0103l uaatlsznoudre 2 dau fieo dauiidudesineinis
(Jet chamber) JUUIANTI4 x 817 x WU 1AV 30 cm x 30 cm x 100 cm HAZAIUVDIUTIUN

< [ j’ = 9 [ ~ A 1 [
ANWFUWUHD DUUIANINE x 817 x g9 110D 46 x 46 x LIpe L AoszecresenInin
== j’ A Ad [ [ A v Y o 9 aq Y
neenINdINUAINAINIrL ludIuNdenuieInneINIAI a9 UINTINITTUONANUA 1
I I~ 1w < o a '
WuANuHUUe1INMIesnNan (ANURUUNINY 1.5 mm) lasandufe19zinganssuensgy

a 1 1 < 3’, [
VINUATINAN 1 NITVONTIUNGUVDIINTNTINTZVINNINUA 9 NTTUDN LAZNNITIAGTH

Aveansanszvonauaadlugii 4.2

28.75D (46 cm)

27.5D (44 cm)

28.75D (46 cm)
27.5D (44 cm)

517 4.2 uaaaTuman1¥lumssiaeams lvia

U
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L o a d
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Y Y 1
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A = Y} a °
ETJV] 4.3 Llﬁﬂﬂﬁﬂa&@ﬂﬂ‘uﬂﬂﬂiiﬁi1ﬁﬂiﬂ1ﬂ£tﬂﬂ%1ﬁ@ﬂ

1 4.4 yaasdnvaznsaneluvesuuiiasams lnavsnanihan A-A°
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Scheme SIMPLE
Gradient Least Squares Cell Based
Pressure Second Order Upwind
Momentum Second Order Upwind
Turbulent Kinetic Energy Second Order Upwind
Turbulent Dissipation Rate Second Order Upwind
Transient Formulation Second Order Implicit
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Abstract

Impinging jet was used to cooling and heating processes which need high heat transfer
rate on a surface. In this study, the heat transfer on impinged surface from pipe nozzle for cooling
was studied. Pulsating jet was generated by ball valve connected to the motor controlled with
inverter. Hot wire probe was used for velocity measurement with time. The flow structure of
pulsating jet was visualized by smoke wire technique. Heat flux sensor was used for heat flux and

temperature measurement and used to calculated heat transfer coefficient. It is found that the
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pulsating jet with Strouhal number St = 0.032, L/D =8 and St = 0.024, L/D = 4 gives the highest

heat transfer rate.

Keywords:Impinging jet, Pulsating jet, Heat transfer, Thermochromic liquid crystal sheet, Heat

flux sensor
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