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ABSTRACT

This research focused on the effect of swirl intensity to heat transfer rate on jets
impinged wall. The research was aimed to increase heat transfer rate and to improve uniformity of
heat transfer distribution on an impinged wall by array of impinging swirling jets. In the
experiment, a pipe nozzle with 16.5 mm of inside diameter was used. The swirling jets at
different swirl intensity were generated by inserting a twisted tape which has different twist ratio
in the pipe nozzle. The flow and heat transfer characteristics on impinged wall were studied for
single jet and in-line arrangement of 3x3 of multiple jets impinging perpendicularly onto the wall.
The experimental parameters were the distance from nozzle exit to impinged wall L=2D, 4D, 6D,
8D and 10D, jet-to-jet distance S=2D, 4D, 6D and 8D, Swirl number Sw=0.0, 0.40, 0.62, 0.78,
0.94 and conventional jet. All of the experiments were carried out at constant jet Reynolds
number of 20,000. For heat transfer measurement, temperature distributions on impinged surface
were measured 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. In addition, the flow
structures in swirling jet were investigated by dye injection method in water jet and were used to
explain heat transfer mechanism on jet impinged surface.

The results show that the swirling jet from pipe nozzle with twisted tape is
divided into two streams which flow obliquely to the jet axis at nozzle exit. When increase the
Swirl number of jet, the angle between jet stream and jet axis at nozzle exit increases. These
result in higher jet spreading rate and stronger mixing of jet with ambient fluid. And when the
swirling jet impinges on a wall, two regions of maximum heat transfer rate appear near the
stagnation point on impinged surface. This differs from non-swirl jet which the maximum heat

transfer rate appears at stagnation point. In addition, the swirling jet for Sw=0.40 can increase
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heat transfer rate in stagnation region, particularly for the distance from nozzle exit to impinged
surface L=2D and 4D, but when the Swirl number of jet and distance from nozzle exit to
impinged wall becomes larger, the heat transfer rate in jet impingement region decreases and the
heat transfer pattern becomes complex when compare with the case of jet from conventional
nozzle.

In the case of array of swirling impinging jets, using swirling jet instead of
conventional jet, heat transfer rate increases and the uniformity of heat transfer on impinged
surface improves particularly for the case of Sw=0.40, distance from nozzle exit to impinged
surface L=2D and 4D, jet-to-jet distance S=2D and 4D. However, when increasing jet-to-jet
distance to S=6D, 8D, swirling jets increases the rate of heat transfer only in each of jet
impingement regions. And distance from nozzle exit to impinged surface is increased (L=6D, 8D
and 10D) or Swirl number of jet is increased (Sw=0.62, 0.78 and 0.94), it is found that the heat
transfer rate decreases and the heat transfer patterns become complex when compared with the
case of conventional jets, because there is a mixing between adjacent swirling jets before

impinging on surface.
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o v % 5
2% 1151053 MATLAB dwiSuasiansivimsuendidseneud reb anvesunumesly

anlanlana

% crop size

p1=265; % position x
p2=257; % position y
p3=124; % colum b fmuafisaivaauiunmuewrumed Tuaniansada

p4=78; % row

rect=[p1 p2 p3 p4l; )

% image file input
name=char(filename(i)); > Hoummnunumes luaniansadadilsunsy MATLAB

image=imread(name);

0 o o { I~ 1
%o crop mmsdamnlimaemumne uaaaudl iy
imaged=imcrop(image,rect);

4 a a a o
Lﬂﬂijuﬁﬂjﬂﬂiﬁﬂa
% divided to R,G,B image

R=i de:,:,1); A a i '
imaged(:,:,1) MINsuend RGB N5 1ng Uiy

= o 2 . A a a o
G=imagedC:,.,2); mos luanlansdada
B=imaged(:,:,3);
. . 3\ ) Y o =
% RGB dimensionless frvualvaiunisa
r=(double(R)-double(RB))./(double(RMax)-double(RB)); RGB oglugiauls 1§

} a A d‘
g=(double(G)-double(GB))./(double(GMax)-double(GB)); Naeunlavaaaly

b=(double(B)-double(BB))./(double(BMax)-double(BB)); auns (3.10)-(3.12)

J

%RGB Average

rlav=sum(r(:))/numel(r); WA IR asve s E RGB
glav=sum(g(:))/numel(g); fioglugildanls 1354
blav=sum(b(:))/numel(b);

J
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2% 2 Tisunsu MATLAB  snwiSumaudlszansmsnianudsuuunuiialamaians

a d
WUAFTISHNN

3 a

% set jet temperature / yel temperature o a Y o A
MUUAGUNYUUDIINUASYUNYNUDIUTUTLV A

Tjet=28.5;

Y a

(Fudnniugungiin laesuneluiide 3.3.3)
Tyel=30.2;

%oset crop size

cx=403;
’ o Ao { I ] o Aa a a o

’ ﬂ’lrﬂuﬂWﬂﬂﬁlLEW’NlTJuﬂTWﬂJQQLLNHLW@iINﬁﬂ'}ﬂﬂﬁﬁ@a
cy=402;

rect=[122 39 cx cy];

% set current

current=20; mmdulszansmamanudounin
flux=current(i)*current(i)*0.023197/(0.269*0.26); aums (3.8)

h=flux/(Tyel-Tjet);

J

9 a A J 09/’ £~
%, FINWUNATNT M NULQUFUIMNNNA FINUVUIA

Yzero matrix prepared for dump data | 31 IUARad N azAugIhiuTIIg
A o { I ] 4 Aa A
M=zeros(cy+1,cx+1); vosnnanuaaudunInve NN IuanIa
ATEAa
%image file input
] o a a a [ 9
name=char(filename(i)) Joummunumes luanlansadat11sunsy MATLAB

image=imread(name);

o o Y A A < 1
mnsaannlimasmmiznuaaud uiry

%crop
o a A a (%
imaged=imcrop(image,rect); o3 ludadnnsadia
. . o g d’ o a 9 9
%size of cropped image AU UAA YT INOUNUTIUIUNAFAATUN I

. . Y ] 4 a a a @
[al,bl,c1]=size(imaged); HAZAIUENIVDINNLHUINDS JUARIAATAAD



%divided to R,G,B image )

R=imaged(:,:,1);

G=imaged(:,:,2); mos luaniansada
B=imaged(:,:,3); )
%normalize r,g,b image
r=(double(R)-double(RB))./(double(RMax)-double(RB)); WiArgb  Idaseanud

g=(double(G)-double(GB))./(double(GMax)-double(GB));

o = d' 1
mnisuynd RGB ‘V]“lJﬁWﬂ;]‘UL!LLWU

b=(double(B)-double(BB))./(double(BMax)-double(BB)); (3.10)-(3.12)

for j=1:al

for k=1:bl

if (abs(r(j,k)-g(j,k))<0.01) & (b(j,k)<0.2)

jj=double(j-al/2.0);

kk=double(k-b1/2.0);
Nu=(h*16.5/1000.0/0.02604);
imaged(j,k,:)=255;
M(,k,:)=Nu;

end

end

end

Yy A A A ]
ﬂW!ﬁuﬁlWaﬂﬁV]ﬂﬁ’]ﬂaﬂullwu

4 A A Aa Y Y
Mosluanlansanalagasig

Y] 1

A A Y A
Goulunarr  Indifesnua g
1 o a J o o
gAaunuANT A Fad N0 ag
a rd % a o
Tuuasnd M Idasatundaues

Y A
IUFIV a0

uaaalu@oulyluauns

115



116

Usz Iadiven
d‘ &% o ~
¥o ana TRCHO TR TRMER
stalszdiaiindnmn 5010120058
a =X
AMIANH
a\ 4‘ QU = d' o I~ =
e yoaoliu PYidusomsanmn
RAAMNITUANAATTUNA uMINeIaeNa 1u Teas1suanass 1% 2550
analulatinoena)

=3 d‘ Yo 1 =3
NUNIANY (Tlnlﬂ’i‘lﬂ‘l—!‘izﬂ'JNf’lTiﬂﬂ‘HD

J

1 awv a 4 a @ a
nué}mmi}&l AULITINTTUAEAT UHIINRIFIVAIUATUNSG T 2550-2552

MIANUWIHEUNIHANY
o o o a a
Unend wangd uag vga Tunada, 2551, “msanimganisuns lvauay
1 J A 'c:.,’ 1 a a a [
mImemaNueuuuANRNWIYY”, MidszyuinmIineinanisumans un1ineas

4 v
AIVAUATUNTATIN 6, UMINGIFEAVAIUATUNS, U1 676-681.

o a a -4

o J a
NS 1ngd, vga 1unade, uay off YyaInTIgad, 2551, “NIANEING

v
A 1 A A

1 I J a 1 [
mammm%’aumammqu WIBUNUNT, ﬂ'li‘]Ji%“];ll’J“]ﬂﬂﬁﬂﬁﬂ18!1/]1/!@\‘]\1']1!?]’31%%}01!1,1,65

q
k4

<Y Y o A a v A 1 9
ma“luqﬂﬂimmussmmaumw 7, SJ'HTJ‘I/]EHQEJL"HENG!,W%J, U1 158-163.

a J

% J ~ @ a a
UNAT LINTY, TYA UUNATN, LaE BF 1YYINIINQY, 2551, “ﬂﬁﬁﬂ‘bﬂﬂﬁ

Q q q

o A

2
omAN3 oULaEMT InavesI Ny UANNIWIFUNUAIS oL, MIdszguimmansaiem
@ v 7Y Y g A a v A ' v
WﬁﬁﬁWHﬂﬁWNﬁ@ulla%ﬂJﬁﬁﬁluqﬂﬂimﬂWUﬂﬁWNﬁﬂUﬂiﬂﬂ 7, NWTJ‘VIEﬂaEJL‘]fEJ\?Gl‘ﬁ'ﬂJ, U1 158-163.
% J = @ a a a 4 A
UNATT LINSY, TYO UUNQTA, LA DA UYINTIAAY, 2551, “NITIWUNIT
' 9 tﬂy a 9 1 < 1 ' a A 1
mﬂmmms’auuuwumiﬂﬂalsuﬂgmwﬂuummwu , ﬂ1§ﬂi$%1]’3“lf'lﬂ1ﬂﬂ3’f)ﬂﬂf]
a 4 1 o’/’ { a @ J Jou A
'Jﬂ’lﬂﬁ3‘JJLﬂ§@\1ﬂallﬁﬂﬂﬁglﬂﬁqﬂﬂﬂiﬂﬁ 22, U¥IINYAYTITUATAT FUYIITE, W“I:’h 384-389.
o 4 o Aa a <3
WNAS LIMLE Lag YA UUNATA, 2552, “ﬂ?ﬁﬁﬂ‘]&ﬂWf]@]ﬂiﬁJﬂ"lillﬂﬁ‘ll’ﬂ\i!fﬂﬂ

a 2

I o a a a J
WHUANNNIBUAITIR203T1F 9 end”, n1sdseyuivinisnieininssuaians

9
[

UHINFIAVAIUASUNTATIN 7, UHINNFEFIVATUATUNS, 1111 590-595.

D.



