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ABSTRACT

The aim of this research is to study flow and heat transfer characteristics
of hot air jet generated by Helmholtz pulse combustor. The research was considered the
effects of air inlet tube arrangement and tailpipe length to gain the condition of high
heat transfer rate on impingement surface. The experimental parameters consisted of
distance from tailpipe exit to impingement surface at 1D, 2D, 3D, 4D, 5D, 6D, 7D, and
8D where D was an inner diameter of tailpipe at 47 mm. The length of tailpipe was varied at
16D, 19D, 22D, and 25D. The 4 types of air inlet tube arrangement were (1) single inlet,
(2) double inlets with 180° apart, (3) double inlets with 90’ apart and (4) triple inlets with 90°
apart. The supplied fuel rate of LPG was fixed at 29.8 I/min for all experiments. In the
experiment, the average velocity and temperature of free jet along the axial direction of
jet were measured by using a Pitot-tube and a thermocouple type K, respectively. The
heat transfer rate on an impingement surface was measured by using a heat flux sensor. In
addition, the pressure oscillation inside the combustor and near the tailpipe outlet was
measured simultaneously by using two pressure transducers. Flow characteristics and
combustion phenomenon in pulse combustor were studied by using numerical simulation
with 3-D unsteady flow via computational fluids dynamics software, ANSYS ver.13.0 (CFX).

The results from numerical simulation were found that the internal ignition in
combustor oscillated corresponding to Helmholtz resonance. At the inlet of air inlet tube
and outlet of tailpipe, the entering and releasing of intake air and exhaust gas oscillated
corresponding to behavior of pressure oscillation inside the combustor. The variations of
internal pressure inside combustor and velocity at tailpipe outlet corresponded to the results
from experiment. When frequency of internal pressure inside combustor was compared
between the numerical simulation and the experiment, it was found that maximum difference
did not exceed 10%. When the effects of inlet tube arrangement were considered at
fixed tailpipe length at 16D, it was found that the results still correspond to the experiment.
The increased number of air inlet tube resulted on increasing of velocity at tailpipe outlet.
This is due to ambient air was more introduced into the combustor, which contributed to
complete combustion.

From overall results show that jet velocity, jet temperature and heat transfer
on impingement surface decreased according to increasing of distance from tailpipe

outlet. Especially distance from tailpipe outlet in the range of 1D to 3D, the jet temperature



®)

and heat transfer on impingement surface decreased rapidly, and for the distance from
tailpipe outlet in the range larger than 3D, they decreased gradually and almost constant.
The tailpipe length and air inlet tube arrangement affected strongly on the flow rate of
intake air entering and mixing in combustor to obtain complete combustion. At the condition
of double air inlets with 90° apart, the length of tailpipe at 16D and distance from tailpipe
exit to impingement surface at 1D, the heat transfer on the impingement surface was
the highest corresponding to the condition having the highest temperature of jet. However,
at the same condition, the double inlets with 180° causes on getting the higher velocity

of jet.



(6)
naansINdsend

WA 1ETUNTERARUIINURIINLIRVFIVAIUATUNT AWFTY YA

Qv

ENG550031S ﬂm:;d”’“m”wamauqmﬁaﬁuagunu%zJ °11amauQmmmsﬁua:qﬂmmmﬂ
a A ' A M ¥ o A da ' o o A o o &
S3@INITNLATAING @aamunﬂmuﬂvlmvlmmﬂuﬂuma’mmﬂi%ﬂﬁmmmumma
Aua

VOV UM D ANATTITAINITNLASAING AMIIAINTIINAIRAS

(%
[

a o a e o & 1 Al o A v &
mma“nmaﬂm“umumumﬂmaaLﬁaamuﬂiumimnﬂumau



#1317y

unanaga (THAI)

unanga (ENGLISH)
naanIsndszné

CRET

IUNIIATIII
sansnnisznay
AabiNasyanEalLazAta

Aaa & a
i’]Elﬂ’]iNa\‘)"I‘WYlﬂW&IWLLa&ﬂiz‘IﬁN')?ﬂﬂ’li

1. UNIH
1.1 TuuN IS UUUNRE
1.2 BANMIYNNUVRIRBILNN IANILUL Helmholtz
1.3 MIRNANUINTAVOIMIENBNANUTAUUUARA
1.4 NUNIBLENTNTIIBIL

2. Jnaszasa

3. 2aULIANTSANE

4. ganaaaIuazauls
4.1 snwuzvssdywnazaudsildlummaaas

411 eruiilglumsnases

4.2 Wrnsadafilglunsnanes

aA
5.1 M INA[dI

5.1 msﬁﬂ‘mqm‘ﬁg TRRULAZANNLS AR LVAIANANTDUNFT 1IN NHDILH

Tnaduuuwagninnisaanvasviass

5.2 msﬁm:nmm'wmmmi”aumadLﬁ?waﬁauuuwﬁfdﬁlﬁmﬁwu
% { a g 1 1 v v
5.3 NMIANEINATDIANNABNLAAT WL LT aFILa IraILNN LAl

5.4 dnwdnngmyaimak ndluiasn lnduuuwagaslsunsamg

Wamaaiuad lna(ANSYS Ver.13)

(7)

15
15
16
16
16
18
19
19

21
22
24



#1307y (A8)

5.4.1 sunminuquililumaiinesmslng
5.4.2 wuudnaasnnududinunasgin
5.4.3 LUUIRAINTR IR UAZLNTIR
o o [ LY o 6
5.4.4 M3FILUUTIRBIRDILHT IRTUU LN
6. HANIINAABILAEDNUIBHA
= 6 U £ [ v v
6.1 namM3AnEUNgMIaiM Ik ndluuwas lukaau lndeag
ATTUIUMTINRIRBlUTUATNNAMEASUDI bAa (ANSYS Version 13.0, CFX
v da X I ) ' ' A '
6.1.1 NAVBIAMNAWNLNAV I UADIHN bl as luriagsnTduadvio

o a A A L A o
M NMAR N TINANN LY BFILN L TY 16D LT ULAT IR MWUMLY

6.1.2 namItlasuudssanuanlunsdiuasriamaghaimendonded
anugassendn 16D twe3ssduuuy

6.1.3 HavaIMITUAwLLaIA T gnnd wazanusalunsdin
anugassenndu 16D (wesasdunuy

6.1.4 ijaaaqmwgﬁﬁl,ﬁ@“fuluﬁmLm"l,mi”uuuw”aéﬁmﬂuﬁa@iaﬁnn
MIaeInganssum s lnailugi9ian 40 ms §19 60 ms

6.1.5 NAUBIAMNLTI (U) ARatuluriassuaztasiinmessnuasyie
#991NNNII80INDANTINNN TN MRl UT 91387 40 ms §19 60 ms

6.2 wamsi’mqmﬁgﬁmﬁimmzmwﬁamﬁlﬂﬂuaaﬁmm”auﬁ@ﬁ"nmmmamﬂ

11nnyaaneg g

6.2.1 Namﬁ'@qmuQﬁLﬂﬁmmaaL%‘nau%auﬁ@‘i’ummmamnmn
NN90aNeE G]I@ﬂmsmﬁgmmmiamaL°1TwmmmwiLﬂﬁwuﬁmmmm'mma

6.2.2 Namﬁ@aqamgﬁmﬁwaaLﬁ?‘naufauﬁ@mmmmamnmﬂ
N1988N¢ENY G]I@ﬂmimﬁmmm’maa'aLL@iLﬁJ?iﬂuLLﬂmgﬂLmuﬁamuﬁﬂmmﬂ

6.2.3 kamyIanNuSIaagas I NauTauAdIuLRsinsaINLn
N1988N¢EY G]I@ﬂmimﬁgmmuﬁamaLﬁﬁmmml,@iLﬂﬁmmmmmmmaﬁada

6.2.4 iamyiannuSaduasinausoufidiuniiinsainian
NN90aNE G]I@ﬂmsmﬁmwm’maduwiLﬂﬁyuuﬂmgﬂLLumiamaLﬁ’]mmﬂ

6.3 wamﬁ@wé’ﬂefm’m%”auuumﬁfdﬁﬁﬂauﬁ”auvjwﬂ@Uma

(8)

v
24
25
28
30
38
38

39

39

41

46

52

53

53

55

57

60

62



#1307y (A8)

6.3.1 Namsi’@wé‘nsfmﬂm”auuuwﬁfdﬁﬁmﬁauvjwﬂ@mmaéﬁzl
mimﬁgmmumsamﬂﬁamaLﬁﬁaﬂmﬂu@iLﬂﬁﬂmmaam’mmamm
6.3.2 Namﬁ@wéi'ﬂsr?m']m”auuuwﬁfaﬁﬁmm”auvg'wﬂ@ﬂmoéﬁzJ
mimﬁmmmmamLL@iLﬁJﬁﬂuuﬂmgﬂLLuumi@@@f‘MamaL“ﬂ’ﬂmmﬂ
6.4 namyiamadasnudasenuailuiasmn nduuuwasuasluriods
6.4.1 wamaagﬂl,l,umiamwﬁwmﬂmﬁﬁ@iamnﬂﬁyuuﬂmmmﬁﬂu
Ro bl

6.4.2 NRY E]\‘IEII wuuiamaitnanmeanidanisidfsuudasanuaisls

6.4.3 NamaagﬂLLuwiammTﬂmmﬂﬁﬁ@iamﬂwﬁmaamsmﬁﬂuuﬂm

anuawluasa lnduuunagniIaw luanueiviassds g

' '
] a

6.4.4 NamaagﬂLLuwiammTﬂmmﬂﬁﬁmamﬂmmaamsmﬁﬂuuﬂm
anuauluriagslnatnmasan (lnanisean 4D) Ndaulaanueniviadsdngg
6.4.5 Lﬂ%'zlmﬁﬂmmm”uqdq@ ﬂmu@”u@‘hq@ LRTHAGIANNALLY

ﬁadl,mvlﬁmwia:gﬁ LUDUNIANAIYIaNIITI DN NFALRZANNENIVDIVI DRI

6.5 MILUIHULALUHANNTINABINT IARNANYANTTUM TN IRSTLUUWAR
AUWNANIINARDY
6.5.1 navasanueuitiaduluiaen nduasluvisssainmysnaes
waAnTINM I IRl AsunuNaInIINaa 8
6.5.2 navasanuamAatuluasn lnaiiazluriadsanuamsinaas
waAnIsuM I IndiAsuAuMIneses
7. a3Uwan1398
UITUNTH
AMANKIN N. UNAMNETRITULHELUNT 1
AMANKIN V. UNANNEIRITUINLUNT 2

AMANKIN A. UNAMNEIASULHLLNS 3

©)

62

64

66
66

70

73

75

78

80

80

82

85
87
90
97
106



(10)

IYNTIAIINY
¥
B

A3 LEaITeaziAuauassulIuaziIanlanlttlwniImasas 19



ol Eol
e =
=p. =Sk

—

2ol
(=l
.

Bl Bod  Bad
e = =
=p. Xp. =i
N o0 g A W0 DdN

2ol
=
=i

ol Ead Ead  Ead
E B B =
=p. Sp. Sp. XS
- A © oo
-~ o

Lol
=
).
-
N

ol
e
.
-
w

(11)

srgnsanilsznay

v
RN AT UL NI T2 U URINARTITNTIA 2
RANNIFNNULIRBIHN MNUULNASTAA Helmholtz 4
mswasuudasnnuennisluiaswn ngd 5
MILAATHYOULABINTT IR LD DWW UNIES 6
msLhaDu aulwavaIn v nauuulfianwizunIatznzns 6
I@ma%“'mmi"lmmaaﬁwﬁvﬁwuﬁuﬁaL'%Uu 7
MINTTANLIRInISafuNILa T uuwSATATE oz N nmMIsenes 8
L%ﬂﬁoﬁuﬁaﬁﬁﬂﬂwu@m 9
nweegy LLuumsa@ézwia‘maL°1T1mmﬂﬁ%ﬁgﬂuuuﬁlﬁmaaa 17
g‘ﬂLL‘]JU‘IJE]GﬁE]GLN’]VLM&TLLa:ﬂ’l‘JaWﬂ%EﬂLL‘]J‘LI‘IJE]G“(iEWI’]GLﬂ"]E]’m’I?I 17
31 LLfIJiJ‘]JE]\‘lﬁadLNﬂ‘MﬁLL&Zﬂ’]Sﬁ@@%Eﬂ LUV aNLTN e 18
Anafldlunsinm 18

qﬂﬂ@amﬁlﬂumiﬁﬂmqmmﬁu,a:mmSwaalﬁmu%”auﬁa‘fnmﬂ 21
wo a1 A uuwad
qﬂmaaaﬁlﬂumiﬁnmmimﬂm@mm”auuuﬁ?uﬁijuﬁai”wmn 22
waaun ndhuuwad
qamaaaﬁllﬂumiﬁﬂmwa‘uaomwﬁuﬁlﬁ@%ﬂuﬁaaLm"LmTLLazsLu 23
Yioda lw3au 9t
LLum‘haaoﬁaaLm"LmTLLuuw”aégﬂLLummmT'la’lﬂ'mLumiaLﬁm 31
wuudsasvasasrn nluuwagsdunomadienmeauuuriaides 31
BILNVOVLDANIFWI b (Domain)

suuuunIavasiasn nduuuwadiduuunmadiaameauuuriadon 32
Lmu{imaaﬁaaLm"l,mTLLuuw”aégﬂmemL°1]”7mmmmuaaaviaﬁma 32
At 180°
LLum‘haaomaaﬁaaLm"LmTLLuuw”aégﬂLLuumaLqTﬁa’lﬂ'lﬂLLuuaaaﬁaﬁ 33
¥nar 180° DeugnuanwamMIs Itk (Domain)
gﬂuuun‘%maaﬁmLm"l,mj’l,muw”aﬁ?gﬂu,a_mmaLﬁnaqnml,l,uuaawiaﬁ 33

19 180°



sansnnisenau (fa)

LLuuéimaaﬁaaLmvl,mhmuw”ae?gmmumaL%mmmmuaaaﬁaﬁma
i 90°
LLum‘haawaaﬁaal,mvlmﬁl,t,uuw”aﬁgﬂLLuumaLﬁwmmmmuaamaﬁ
' s [o] d' o .

W19N® 90° TILGNVOLLTANITAIWIT (Domain)
gﬂLLuun’%@maaﬁaaLmvl,mi”l,muw"’aﬁgﬂu,uumaLiﬂmmmmuaaoﬁaﬁ
#W19n 90°
LLum‘haaaﬁaaLm”LmTLLuuw”aégﬂLLuum\‘]Liﬁ@ﬁﬂ']ﬂLLuuaﬂmaﬁﬁ’m
1% 90°

LLum‘haawaaﬁaamﬂ%ﬁuuuw"'aégﬂLLuummT’]mmﬂ LUURNTIAN
1 s o] A o .

W1IN® 90 TILONVALLYANITAIWIT (Domain)
gﬂLmun’%maaﬁaamvl,mj”l,muw"’aﬁgmwumaL°1T1mmﬂ LUUEINYIAN
. @ (0]

19N 90

FURUIAINRIINNNTINBBINGANTTNN TN I ULUL NGRS

L= dl = J v v 1 1 o
NRUDIANNARNLAAT IR tu b ez luriadsa1nnissnass
WO ANTINNN TN bAs
nan1siasuulasnnuanlunsdirasvianisnaInaaeIsIdanw
g1YIaFILNT % 16D LIUAIDIGULUY
FURILALIANNINHAINNNTINRBINAANTTNAN TN IR LU NE SN
LA TERPI
A o A = A A
HavaIMTLAuLLaIA NG gnnd LazAMNLTIWNINANLD
Yiagdu i 16D 1 uiATaIARLUULAENNIAAAIYiaNSNaIALR 82
NRUBINTLURUULURIANNAK DIV wRzAMNLTIwATANAINE
YiagI81L 0% 16D LTULATAIAULUULATANTAAAIVIaN1ITNNNARD
viaN®19nw 180°
A o A = A A

HavaIMTLRuLaIn NG gnnd wRzAMNLTIwATANAINE

Nagisn1dn 16D LURATAIGULUUBLATNINIAAAIYIaNIIUIaNNARD I

'
1 =

YiaNvinan 90°

(12)

>
B

34

34

35

35

36

36

38
39

40

41

42

43

44



2ol
=
.
w

2ol
=
=i
IS

sansnnisznau (fa)

NATaINIURLBLURIANNAK amnnd LRZANNII IWNTINANNED
Yiag981L 0% 16D 1WA IR UL ULAZNTAAAIYIaNI9L TN NAFN
ian19ua

ad a & I @ o & | \
Na“IJENqm%ﬂuuﬂLﬂ(ﬂ”ﬂuiu‘ﬁE]\‘]LN’]VL%NLLUUWQETLLazluVIE]a\‘lfﬂ’mﬂ’]i
aaIngansIumsen lrallusi9iian 40 ms f19 60 ms

. o Y4 Xa .

NAUDILABEIBNINYDIATANTLAW LA AN boa ez NI AT kY a8
NMINRBINGANTIUM TN Irailus912a1 40 ms 919 60 ms

% n:i a n&/ v v d' =3
NaUBIANARNAaT Wl wRa 1 T Lazia Nl lunIIAIna a9
LAMEIBNIRYDITNTATTU DU BUWAN o6
NAYDILABFEINYIAUDITTANIUAUNAUON LTANLAAIINNITIN LAY
mnﬁaal,mvlmﬁLLuuﬁaﬁgﬂLLuumsa@@?’aﬁamaLiﬂ@ﬂﬂwlﬁm

NAYDILABFINYIAYDITTANTUAUNAUUON LTANLNAINNANTIH LAY

=

mnﬁadLmvl,mj”l,wuw”a&gﬂLLuumsﬁ@@i‘wiamavﬁwmnwaaaﬁaﬂﬁw
fin 180°
HAUDILAREIRNINTB T TASUanaunan ladMiinanni s Tna
mnﬁadLmvl,mj”l,wuw”a&gﬂLLuumsﬁmﬁﬁamavﬁwmnwaaaﬁaﬁﬁw
A 90°
HAUDILAREInNINTBIT A SUanaunan lad i Ananni s Tna
mﬂvi”aam’u"l,mj”uuuw”aﬁgﬂLmumsﬁ@mgaviamuﬁnmmﬂmuﬁa
919N
NaTBILAEFIUIIATaI T In U A uluiean InaluazUansves
Yiagsanmssnaasngdnssun s Insdlusi9iian 40 ms 69 60 ms
navaInnus luun X lurasussfAivsmathnniseanuasriads
NamaaqnmgﬁmﬁwaqL%‘naﬁauﬁ@‘hl,mmi,mﬁamnmnmaaaﬂ@m6]
e Elﬂ’liﬂdﬁél]LLUUﬂ’]iﬁ@]@%ﬁﬂﬂ’]dLiﬁﬁ]’]ﬂ’]ﬂLL@iLﬂgﬁuLLﬂﬂdﬂ’J’l&IF;I’I’J
Viag
Namaaqm%gﬁLaﬁﬂmadLf‘ﬁmu%“auﬁ@hmemamﬂﬂ’mmoaaﬂ@m6]
@T’;ﬂmsmﬁmmm’wiaml,wiLﬂﬁwuﬂmgﬂLLuumsa@@lg\MammTw

2N

(13)

>
B

45

46

47

47

48

49

50

51

52

52

55

57



ansnnisznau (fa)

NATBINNNLTILARYVILINANTOUNGIUNIIEIIIININNaaneId g
@T’JUmsmﬁgﬂLmumiﬁ@]ﬁmamaL‘l]”’]mﬂml,wil,ﬂﬁﬂul,l,ﬂmmwwam
Yo§
NATBIANNLTUMRIVDILINAUTOUNGILAIIVIIINUINNIBENE g
@‘hﬂmsmﬁmmmwiaeial,wiLﬂﬁﬂmmmgﬂLmunﬁa@@l‘”wiamuﬁﬂ
a1Me
Namaai’@wé’ﬂsﬁmwu%“auuuwﬁfaﬁﬁmm”amjwﬂ@Umoﬁmmsmﬁ
gﬂm_lumiamﬁﬁa‘maL°1TﬂmmmwiLﬁﬁﬂuuﬂaamwmmafs'm
NmJaamsi’@wé’ﬂsﬁm’m%“auuuwﬁfaﬁLﬁmu%“auw;wﬂ@mswﬁmms
mﬁm’mm’wiaﬁal,wil,ﬂﬁwuﬂmgﬂLLuum'ﬁa@@”\MamaLﬁwaﬁmﬂ
wamaammd‘uluﬁaaLmvl,ﬁﬁuuuﬁaﬁmnwamaagﬂLLuwiamamTw
ananaswly

[ 4& > % £ v o 6
navasauanlwriiiganIman lndludaam nduuuwasanus
madgmmuﬁamaLﬁwaﬁnﬂﬂﬁl,ﬂﬁﬂuvl,ﬂ
Namaammﬁﬂuﬁadwaaﬁaal,mvlvsﬁl,l,uuw”aﬁmnwmlaagﬂLuum/ia
Mana el few bl

% ' ' p§ @ o 7 v o 6
navasnNuawlwriagslunitaigansms ndludasimn lnaduuuwae
ﬁnﬂwa"naagﬂu,'umiawm:ﬁ’wmﬂ’mﬁl,ﬂﬁwvlﬂ
NaTadnNNAvaINILU R uunladaNawlwiastNd IS LUUNaEN
Wawluanueniviassdn g

A A o ' oA A
NaUaIANNDLauUaINTURBL I NABl U ag NI au lunINY
PNYORIFAI 9
waﬂ’mﬂ%‘wLﬁwmmﬁugaq@ mwa”mhq@ LRTHNAFIIAITNA L%
ﬁaal,mvlmﬁl,wia:gﬂLLuumi@@m"'wiawmLﬁwawnwl,l,a:mmmwawia
GA

L lﬂl a g v v 1 1 o
NRUIANABNLAT Wl nRadLtu b uazluviadsa1nnissnans
WO ANITINMILHN AN ABLALRENNNINAR S

Ad a £ o ) ' ' ° A )
navaInnNdNAadnluta s ndiarluviagsannmsitaasnouny

HAN1INAR[DI

(14)

W
59

61

64

66

69

70

72

73

75

78

80

82

83



=~

X

aVv

KSV

-~

P < O X

>

M,

Dp Db D) D) D) D) D D) Dp Dp Dp D) Dp D
© © © © © © © © © © © ©

©

D) D) Dp D) D) Dp Dp Dp Dp D) Dp D) Dp O
© © © © © © © © © © © © ©

©

Madiunasuansatlazata

a mmaqmm%am‘hwa:ﬁmm@”um‘ﬁ

aeaulls13alunanssnnuniauuniuludadueesh
vnaEwugudnasnaluvavianiagdy
naduiuguinanimeluvasriads

WRINUBIIN

The energy spectrum for radiation emitted by a blackbody
Wall damping function

The spectral incident radiation

static enthalpy

WasmIRTL LU

Absorption coefficient (ﬁuﬂizﬁﬂ%?ni@@ﬁu)

Scattering coefficient (E?Tuﬂizﬁw%%wsm:mm)
PUIAAINN LI VBIANNL UL
i:U:mﬂmﬂmaaaﬂmaaﬁadaﬁaﬁuﬁwﬁwuﬁamﬁ AIAMT
fnomanuTanly

AT E I aTeITaIM T Ing

ANNAUVRIVR IR

upaseluuananaely

urasalunaNINAEwEN

anadRTupasnuLnlam (Turbulence Intensity)

a

szuzanihnvseanvasadifainionnuiuazgungil
AMUAMULUUT DIV AR

AANURBAALLNGN (Kinematic viscosity)

Velocity fluctuations

fulseAnfUSinuduWusvasans | ludfATen K
sullszansmathanusan

ANULABLAaUTBIVR AR

Anunitalsaativasveslna

ANMURBABLUL U I%

(15)

WY
kd/kgK

mm

mm
kJ/kg
W/m’Hz

W/m2
kJ/kg

2 2
m /s

mm

mm

Pa
kgm/s
kgm/s

Kg/m2
2
m /s

m/s

WIimK
N/m
Kg/ms
Kg/ms



)Y

fa

Y

A

Py

A

o a o > 6 o 1 1
Ao UNAAANHIMLAZANLD (a18)

[

2aNTIIRANLLLUY BB

AMVRAWIUDITUVAULUA
WIRTUNIINIZANLAIVDIINULDIINLTIRI

(16)

WY

m /s

mm



(17)
Aaa 6 a
i']Slﬂ’]iﬂaﬂ’]%"(lﬁWNWLLa&ﬂi&‘lﬁN'}ﬁ’lﬂ'ﬁ

Nad’mn’]‘sﬂ‘szquaﬁ’m’l‘s (Conference paper)

Uguws uzazla,  dnens winizd, Aa@nud afrvvm uss T ﬁfuﬂqf‘%m 2556 HRV8J
gﬂLLuumaLﬂj”’lmmﬂﬁﬁ@iaqmﬁﬂwmzmﬂmmaaL%ﬂau%”aumnﬁaam’l"mﬁuuu
W msﬂs:qu"‘mwmil,‘%iaaﬂﬁfh51mwé“amumwm%amm:w’sasl,uqﬂﬂmiﬁm
ANUTARLAZNTZLINMT ASIT 12, 14-15 Twnaw 2556, TsousuBuRiSualnatau
Tnsuadiiia Sxasn ssniadusne

Uguws uzazla, dnens wined, Aeduud vdissm uae 789 ﬁfquﬁm 2556 qmawﬁ'ﬁms
lwavasdnarniasananesinn lnsduuuwas nsdszguizinisiaiadng
SensTulesoanaurislszinalng assf 27, 16-18 ARNAN 2556, WNE IINIA
7813

UNAMNIBING (Journal paper)
Narato, P., Maliwan, K. and Nuntadusit, C., (2014), “Heat Transfer Enhancement of
Impinging Jet from Pulse Jet Combustor”, Advanced Materials

Research,Vols.931-932,pp.1228-1232.



