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## 4170535121: MAJOR MECHANICAL ENGINEERING
KEYWORD : SWIRLING JET/ JET IN CROSSFLOW/ TEMPERATURE
DISTRIBUTION/ ROTATING PIPE/ MIXING
WEERIN WANGJIRANIRAN: EFFECTS OF THE SWIRL NUMBER ON MIXING
CHARACTERISTICS OF A HEATED SWIRLING JET IN CROSSFLOW
THESIS ADVISOR: ASST. PROF. ASI BUNYAJITRADULYA, Ph.D.,150 pp.

Characteristics of swirling jet in crossflow were studied in general and the effects of
swirl on the characteristics were investigated in particular. Heated swirling jet with non-zero
circulation generated from a rotating pipe with honeycomb was used and temperature
distributions in the cross planes downstream of the jet were surveyed in order to investigate
both local and global mixing characteristics. The experiments were conducted at a fixed
effective velocity ratio of 4.1, swirl ratio ranged from 0 (no swirl) to 0.82, and at Reynolds
number of 12,000.

The results indicated that, swirl caused asymmetry in the jet structures and, hence, the
temperature distribution within the jet, creating a region of high temperature and temperature
gradient on the side which the jet tangential velocity was in the same direction as the
crossflow velocity (suction side) and a corresponding region of low temperature and
temperature gradient on side which the jet tangential velocity was in the opposite direction to
the crossflow velocity (pressure side). This was attributed to the development, and the
contrasting effect of swirl velocity on the development, of a skew mixing layer on each lateral
edge of the jet. The degree of asymmetry was observed to increase with swirl. Nonetheless, it
was also observed that, albeit the effects of swirl in the asymmetry of temperature distribution
within the jet, the low temperature envelop describing the edge of the jet was relatively
unchanged and symmetric.

The results showed that, within the present range of parameters, swirl had little
influence on the global characteristics of the jet such as the spreading rate and the low
temperature envelope mentioned above. In addition, the results also indicated that swirl had
little influence on the global characteristics in the centerplane of the jet. This was seen
through little change in the trajectory of maximum centerplane temperature, the projected-
trajectory of centroid temperature, the decay of maximum centerplane temperature, and the
decay of the projected maximum temperature, with swirl. On the other hand, the effects of
swirl on the global characteristics in-the horizontal crossplane were pronounced. This was
seen through significant change in the projected trajectory of centroid temperature with swirl.
These results pointed out to the distinctive roles and effects of swirl and of the effective
velocity ratio on the characteristic of swirling jet in crossflow.
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wiontlaa lWfhwia Variac wuy 3 wlaaina 27-kVA (0-4801V/ 30A) fegl 2.10n
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luaqunoeviyu (Rotating pipe) Sudruinldisaemaianud luunduda
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< [ - I g - J v
wunihduidves Mechanical seal @13i1910 Silicon carbide tazuaasginseiluminaoe
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BuAag1n 2,124
Tumsnyuidune 18 1samenusiasasiaeminu Pulley. wuu Taper lock 41110
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trajectory)

2.3  aNNIZVINITNAA

Yo A <3 1A = 3
ﬂ']i°Vlﬂﬁﬂ\1ulﬂ°Vl'lﬂﬂ'J'INLTJGUﬂ\‘]ﬂﬁgllﬁallaU'J"Nﬂigil']ﬂ! 1.82 159U IN LazAULS)

3 & a [ ~ d’) ~ £ A
VBDUIABININTUIIINAURQAULDUNHN (Area average) SHIUYTNIN
3 A1
u =—J.udA (2.1)
A

- 1 1A < ! %
Tao u; lumsnaaesiamlszana 7.9 wasdeduni tazinuninganinanyszum 9.4

A

1A aQ < :
wAsAoIUIN uazligurglvenszudanyeilszaa 31.2 °C +3% tazguu)lueudnd

G

Y 1 1
A A

NWsannauRaenuUNu (Area average) F9He1uan

— 1
T, :XJ.TdA (2.2)

=<
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o [ 1 < a a —& —2 { A
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@ 1 < N /_ 1] o @ 1 ]
DATITIUANMIY T, =Uj/Uq TUNU4.35 9ATIFEIUANUNUILUU T, :,oj/,oCf
1 <] -
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A Y 9 v 3 o Yy 1 1 ]
119991015 11 ANUToUA LA IMAN IHUANNUANAINTENINANUHU U YYD
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Y2
Fr— (pcf _Pj)gd 2.3)

2
pcf ucf

= = 1w 1 2 a <3| @ 1 1 @
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a [ & 1 h C a 3 o 1 [
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d < o o
Lﬁﬁ] AP Lﬂummﬂmaummmﬂwa

IS ]
P !ﬂuﬂﬁn\lﬁu'ﬂluuﬂ]'ﬂ\iﬂ'lﬂ'lﬁ

namsYszaainnm lduuueulas Kline  (1985) awnsavszuaaindyli

] I
HLUUBUYDY AN (0,) MUFUNT

5, :\/(——a“ 5Apj +(a—”5 j
o(AP) op "

UNUAT U MNEUNIT A1 %31@9{

) APo
8, =[5 + (—5)° (7.2)

pu piu
Tagfinnuaamnas LN IuA e 8, dmiszinm £0.065 mmMWG uazliem

Ay A a o A A a 4 A 3 A A ~ &~
5;7 UMuaatyamyuny 5AP Lllala'ﬁ]ﬂﬁ!ﬂﬂi!gmﬂ\iﬂa’l\iﬂﬂ’]ﬂlﬂﬂﬂ@ﬂ r=20 1uﬂ§m Sr0 %93

Mwesaegae u =9.5 m/s, p=1.01 kg/m® unuluauns a.2

2
5, = 0.65Pa ~0.07m/s
1.01kg/m* x9.5m/s

4 a ! <} { % 1
nazlodenyauinalndveunihniandenszez r = +15 mm lunsal Sr0 dadian

] ] { % a Jd
A himiveuwnnige Falinslinesagas u = 6 mis, p=1.06 kg/m* unuluaums

a.2 9218
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5, = 0.65Pa ~0.1mls
1.06kg/m” x6m/s

] ] ' < o - '
ﬂ'3111bllllll.!'Lli’)um@ﬂﬂ”lﬂ')”lllﬁ?ﬁnﬂﬂ'ﬁ:]ﬂéfjﬂ Pitot Probe Imyszanm +0.1 m/s

a.1.2 anulimiveuvssnnusionmsiaale Yaw Probe

o 1 < o % 4 - -
MIAUIUAINMSI910 Yaw  Probe  1dviimsdsufiswinein Calibration
- [ o o
Function auaNuaunus

= (n.3)
P3 - Pz
BESAKY N = - (n.4)
.= (Ks — Kz) A (Pa — Pz) (ﬂ.5)
(Kl—KZ) (Pl_PZ)

I 1 o T <
P1-P,  ifuanuuana19n NuauIen1uiu 1 uag 2 vee Yaw Probe

I 1 ] 1 <
Ps-P, 0 uauuanaNaiia usen1ady 3 uag 2 vee Yaw Probe

I 1 9 7 o 4
AP LﬂuﬂW]’ﬂiJﬂu%ﬂuﬂlﬂﬂﬂWiﬂiUlﬁﬂU!ﬂgﬂﬂﬁﬂ

nnmstszanumany bivdueulas Kline (1985) awisadszuianiniuluntiveuves
1 . . 9 o 4 [
f1 Calibration Function lumsisuieunsesiiotlu

{ 5P—P T |:(P3 _P2)5P—P :|2
Oy = L + o (7.6)
’ (Pl_PZ) (Pl_PZ)

o o . | . o {
naznaNudRusyes Calibration function K, 1ag @ Tuiade .2 nazgilh

v.2 9214
1 [} ] Y] Y] 4
ﬂ’lﬂj’]llhhuluu@u"]]@\i a ANMUANUTUNUD

da
sl n.7
dK, Ko (.7)

0

a =

v
=

uazaInANUdUWUSYeq Calibration function K, uaz K, fu a Tuiade v.3 uazgdi

1 ] ] v o d
9.3 vz ldaanulimiveuves K, naz Ky, amwanuduius

dK,,
da

5K12 = 50{

(n.8)
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0. = Ky, o, (.9)
% da

o o o < v Y 9 v o J
TIMITUNITAIUIUANNGTINNNITIAAIY Yaw Probe Gl“]fﬂ'J’lilﬁiJWHﬁ@nilﬁ?Jﬂ’lﬁ

Z(Pl_Pz) ﬁ?ﬂ V = 2(P3_P2)

= (.10)
o( Ky ) o( K )
Fa1dn 0y uiveuveamanus uiy
- (5P1—P2)2 (Pl - PZ)(5K12 )2 (ﬂ.ll)

Ovams - 3
2p(P, = P,)(Ky,) 2p(Ky,)

[

< o o <
MV Asnaldein Yaw Probe ansasiviannuiiaiuuuinny (U) uay

o J

< v @
anusmuuadude (w) laamunnudusiug

u=Vcose (n.12)
w=Vsina (.13)

o 1 ' <3 < ¥ W
Lmzmm’iaﬂm’;mmm”lmmuaummmmL’immuu’suﬂu 5u HAZANULTIANNUUITUN

s, 1dnn

= eosalo, Felvamedo, F (a1
= \/ [sina )&, ) +[(V cosa 5, )] (.15)

[ ~ < 3 A 1 1 < 1 [y
Tagluuaazganlimaniu fininnu liudueuvesnnusana1enu aun1s
h, . 2 d'dy Y o 1 o A I o ] ,
Asza19ved Calibration curve #alunillagnatednamisiuim laadeniludwmia z’ =
~ < = a1 o
7.5 mm nihnan lunsai Sr82 Tasliannuay P, <P, = -1.98 mmWG, P,-P, = -6.1
mmWG Fnnmidiaalumanuin v. a¢1d K, = 3.08, a = -15.5 o9m, K, =—0.38,
V =51.2, u= 9.77 uaz w= -2.72 ad1eu Tastiainy luudueulumsiaanuay @

a 1 9 d' A @
NW9152191NAIANNYNABY (Accuracy) vouniediiaialszum

Op_p, = 0p_p, =0.254mmWG

Y ] ]
uaznnaums 1.6 vz laanw lduiveuves Ko (0, ) sz 0.1 uagan

aums a.7 uaz Calibration curve @931 v.2 9218 &, Uszanm 0.18 ovrn nazanauns
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n.8 uag Calibration curve sz v.3 9214 5, Uszunm 0.04 naznnaums .11 9214
1 ] ] ]
o, sz 0.15 uaganaums n.14-n.15 w2 lasanu luniueuvesnnumia luuuaunu
wazuudduialszana 0.5 tag 1.7 m/s mudau
] < o 1 1 [ [ 1 = 1 I a A
pg19 lsnammsiiumany lumiveuainanzisigannanuiuai iesnn

9 E4
EMsdszuna Tﬂﬂmﬁﬁwmmm”lmn,uuauclmmazmummﬁumm MIUNMIATINA OV

€

v Sy v o ¥ . ~a < A Yya o
‘]Jﬂli’)ﬂJaTl"lﬂi]1ﬂﬂ153ﬂﬂ’JfJ Pitot probe Gl,uﬂiiummmmgsﬂuuumﬂu W‘]_IfﬂiJﬂﬂﬂﬁLﬂfNﬂu

Y

=)

a2 manulisiveuvesgaigi

Y

fhmm"lajmiuamjmqtuw;_]ﬁ“luﬁﬁ%zﬁmmmmmmgnﬁm (Accuracy) Y83
szumnseailofadilsznendls Sensor  Apadn Thermocouple Type T (Copper-
Constantan) 5% OMEGA §u TT-T-30 fifis3uesnisiaguugiodszning —270 i 400
persaLFed wazifiminnugnded (Accuracy) szana 0.3 °C Tugaiihimanaasa uas

A1v1uA1gungil (Thermocouple thermometer) #¥o Fluke ju 52-2 &aiinnuaziden

o o

(Resolution) mnu 0.1 °C Tﬂﬂmmmgﬂﬁ’m (Accuracy) mmizumﬂ%qﬁa‘?@ﬁygﬂmﬂﬂ

[

Tasaaa Thermocouple Fadiswminiy 0.75 % vosrguugiine 14 nseszum 0.3 °C

9
Awv A

o Ao o = o a 3 { 3 o Y
mimqmmmmmmm'mau 1Jumia@qamQmlmgwmmﬁﬁﬁmmgi’mﬂw

U

Yo - o q U ady y a A RS g
91992 la5uMaveIn1sn (Convection) ligunndin lde1ailinnuaaianaou Tasluni

U

Y]

a = % \ U o d'
LNDTUIDINAVDINTWIAINENIAWU VT899 (Mmodel) asgin a.l

U

Ucr, Ter D, Ty

—
Convection T "\

Conduction

Ta

Temp reading /\/@

o . - o da o
U A.1 wpudrasslumsiiasanwavesmsni (Convection) Nlison1s iagaumngil

U
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dmiunuusiaedlumsnasanHaveInsHINNdonIIaguriginaadnaglin a.l
Tagil T, Aegungiiveseimaidesnmsia, T, Aegungiiienldain Thermocouple wag
[ 4 o a 1 ] 1
Tagainngnisoysninacaiu unazduuagiunlilinisaremaliuiousinaia
] ° Y [ Y @ Qdy I
Thermocouple gusserma ilvinszurumslumsmsmanuionulumsingungiil il
HA1INMINIANNS BUVDID 1A (Convection) itazm3iinueuvesala Thermocouple

Y
WY ANEUNT

qconv 3 qcond
hAdT = kAd—T
dx

KA
hA(TF -T )= T(TP =L )

Te=Te ' | Kk _ (Lj{Ej

7/ e (DAL

LA i[Ej (.16)
i ¥ 5 Nul L

")

Tao D Aeidurugudnaisvosilats Thermocouple fisiszunm 1 mm, LaAsaaw
#17U09 Thermocouple #ia1szaunarl m wag Nu feA1 Nusselt number #9lseanmain

anuduiusvesnsnemanuiaurugilnsanan (Sphere) 911n White (1991) awaums

NU . ~2.0+03PrRe’s (.17)

m,sphere
dmsuemeangamgi 0 89 100 “C a1 Pr=0.71uay

u,D, (8m/s)1x10°m)

—(2.2x10°m?/s) =300

fi u;=8mss, T,=75°C;- (Re),, =

Da

' D -3
i ug=182mis, T,=32°C " (Re), == = (1'82"‘/5)(_1;‘1? m)
: AR (L.7x10°m?/s)

~107

a

unulugums .17 2214 Nusselt number maedianlusae 2 89 11.15 uaziiounu
frluaums 7.16 92 1dd1 (T, -7, )/(T, - T,) 0g1u3290.1 - 0.5 % tiudendmuands
seniguginialanugungiesswesves nadlszum 0.1 - 0.5 % vosguugiinia ]

Amunngalssuiam 0.2 °C

q
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a a

n.2.1 mssnnamanyliniveuvesmanszantgarigiisin (C.g)

g

mdulssandgungisn (C,s) Howlay

T-T
CTG = ﬁ = CTG (T 'Tj ’ch )

j cf

vinmsdszanaaany liwiveulas Kline (1985) awnsadszinamianyliniueuves

Crs (3¢ ) Tdnnanuduiug

2 2
5(‘, — 6CTG 51_ + 8CTG 51_ s aCTG 5_'_
© ot O T, ™

' Y
unum Crg 3214

2

1 5 ; _(T _Tref ) a\ (TJ _Tref )+ (T _Tref )

5CTG - Tj _Tref 4 J (T] _Tref )2 5TJ \ (TJ _Tref )2 §Tref

Taglumsnaaessimuagurigiveain (T,) uazgungiveanszuaanvin (T, ) Iiasi

H 1 k4
Mlszana 75 °C wag 32 °C nazeanginnaaodeglugieawa 32-60 °C Tagaranu
wuweuved T, T, uaz T, dszanaldninminnugndodves Thermocouple 91AA91

9 A A v - o ' 2K A 1A ° o A
NADIVDUATOINBIALUATHAVDINTTN] (COI’]VGCUOH) PNNATD “]Nllﬂﬂlllﬂu 0.5 °C uune

BSOS o

nnmsAnnamuisnwliinivenves C; () luminaasseglugie 0.01-0.03

9 ]
TagauIsetivzszymiany luutiueuegin o, qagalumnu 0.05

TG

o U | v V. o a Ad a Y
a.2.2-mamnamanadliniveuvesmidulssansgamgiimmnzvivhaa (C,, )

4

mdulszaniguugimmeniiga (C;, ) Howlag

T-Tgy
Cr = =Cq (T’Tmax T )
Tmax _ch
namstsznaaany liuiueulae Kline (1985) awnsadszmnaainnyliniueuves

Cr (8¢, ) TAnnanuduiiug
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2 2 2
5 — (aCTL j + 8CTL é‘ + aCTL 5
o ot ") \oT ™) |oT, ™

unum C, 14

i IEETNEEEAN S
e R e A R e

Taglumsnaaeszlguugiigegavesuaazviga (T uananny lfeedlugia

max )

sz 37-48 °C lasgungiivednszuaanyind (T, ) Nanlszum 32 °C nazgungiin

QU

Y
nAapIaglurawa 32 - 48 °C Tasmnw lunsivouves T, T uaz T, dszana'ld

11NA1ANYNAeIves Thermocouple i lihu 0.5 °C wude
I & - Ll O,
8 =5, =8, =05°C

nnmsAnamuismnm liniveuves C; (5. ) luminaassoglugie 0.04-0.24 a9

9
HEAAIAIAIT I a.l TﬂEJﬂTﬂ’ﬂlIUliJLLL!L!E]‘L!@T\iﬂa1’Jﬁ]%ll”Iﬂﬁuﬁl1%58831/]1\1@]1mmflﬂ15111’iﬁ

P4
Av A

1 <3 1 1 1 1A
ot lsAnmluaddei ldsgymanu linivenegn o, 1szinm 0.2

R
x/rd Trax : ~—
AIga MAga
0.25 48 0.008 0.04
0.5 43 0.11 0.06
0.75 41 0.14 0.08
1 39 0.17 0.10
1.5 38 0.20 0.12
2 37 0.24 0.14

MmN Al udasruesanny lundueuvesn C,, luuaazniige
U ) )
a.3  manuluniveuvesszazms

msmvamanulimivenves Trajectory

Y H
d MV Centerline  Trajectory  1iunaaan @ umianlguvnigagaunssul

a

aunas laoy/rd = F(y,r) uaza1n Kline (1985) annsavszanaarniuliuduouwes

v o J
y/rd 1a0nanuduius
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5, (y5.)
5(y/rd)= (ﬁ] +(r2d] (ﬂ18)

Tagranu liutiuenves s, Ussinuninanuaziden (Resolution) lumsiagaliam
~ 1w 1 1 ~ T Aa VA 9
nniigawny 16 mm wag 5, ananuuanaves r lunaaznsal (linu 5% vosmnly

lumsnaaosne 4.1) &9 Tanlszuna 0.2 Huno
6,=16 mmuaz 6,=0.2
wnuluaums a.18 wld 5 ) Ianlszua 0.14

@131 Centroid Trajectory 1iuuaaeaInd e Igaguina1sueguginuy
seunuauas (y/rd ) sazsginuueu (z/rd ) amuwams Iva x/rd Tae y/rd = F(y r)
uaz z/rd = G(z,r) nagan Kline (1985) ansailszanaminnu binvueuves y/rd

- v o d
uaz z/rd Idvinanudining

_ [/ 2+ . | (7.19)
“oie) "yl vd | T rd '
5.\ (.)
5(2/rd): (HJ + 7 (.20)

9

- - I 1 1 v W ¥ @ :
Tag y uae z feduilumsmaunasvesmsianintdadeaums 3.8 uay 3.9

v Y
a 1

Tuntiagnnsananmany luuiveulunaazduruanims Sadatiaszana 5, =0, =

a A

1 1 1T Aa 1 { Y
5 adwns uaz-5, - 910auuanaved 1 luugaznsal (hifiu 5% vesmin 14 lunisnaaes

A

fie 4.1) ¥ fiaalszuta 0.240ufe
6;=0;=5mmuaz 6, =0.2

unuarluaunis a.20 naz .21 1214 5(§/rd) nay 5(2/“1) Har1szura 0.08
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