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An Experimental Study on a New Heating Technique with Use of an Inner Hot Gas Region of

Tubular Flames
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Abstract : An experimental study has been conducted to obtain knowledge on a new heating technique with use of the inner

hot gas region of tubular flames.

Two kinds of tubular flame burners of non-swirl type and swirl type have been made,

and the flame appearances and the stable flame regions have been mapped as a function of the mixture flow rate and the

equivalence ratio. An air to be heated has been introduced into the inner hot gas region of the tubular flame and the radial as

well as the axial temperature distributions have been determined. Results show that in contrast to the non-swirl type burner,

the swirl type burner gives a better axisymmetric tubular flame and a wider stable flame range, and in addition, the swirl

type burner gives a faster temperature rise than the non-swirl type burner. The temperature rise becomes more rapid as the

swirl number of the burner is increased. A simple analysis demonstrates that the enhanced temperature rise can be explained
through an increase of the heat transfer area between the air stream to be heated and the hot burned gas of the tubular flame;

the air to be heated is involved into the swirling hot burned gas, resulting in a rapid temperature rise in the heating process.
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Fig.1 Tubular flame burners (upper: non-swirl type, lower: swirl type).

Table 1 ~ Burner dimensions.
Inner Diameter | Slit Length | Slit Width | Swirl Number
Burners

D (mm) L (mm) W (mm) S

Non-swirl Type 50 40 — 0
50 40 4 2.8

Swirl Type 50 40 2 5.9
50 40 1 12.0

112, #mEER1ICRT,

RAFRIL N —F (DR, JEREMII N —F LT %) 1F, K
1 RITR$ X910, ZAEMGE (e Eii, e s 27
0y, JEAR 5 mm) 25 iRES ZZREHT DT, KX
H LI, WEDo=50mm, X L=40mm TH2%, N—
F OIS, BMAHEREEAT L0, NE
Dinj =16 mm (1/2 inch) ® A 7 > L ZAEZHH (1), flidiic
LS 50 mm, X 300 mm DAEEEEGL 72, kB,
e S 5 KBIRFINC K D AT 2 H31,12], FEHE
Ho2s & 8 —F ZIKFACFEE L THEBRZ T 72,

—J5, PRI N —F (DR, BEMELAN—F EFRT 5) 1,
K1 TICRT & 91C, 90°IHFIEICHL D (172 4 DD
A v b5 & RES R 2 BT TR E T D T,
FERERR N — 5 L [FRE, WE I L EBIEINEE Do = 50 mm, &
X L=40mm, AV v Mg w & LTI, 2742 E0ERE%
3570, 4, 2, 1mm OFF 3 EHZHEL ., BRAI,
WHRTESNL AT VB S IZZNZFN 28, 59,120 TH
(1], MBI N—F L L, N—FO—dmiid, #nEL
2R EEAT 5720, WNEE Dinj= 16 mm (1/2 inch) D A 7
VL ABRIY A, i N 50 mm, £ & 300 mm
DEVEE R FRIE L CHRBEEIT-o 7.

X 2 12, EREEOMEEZR T, RN, 2 ¥ v 2
Wi, AZ UROESE, 2hhr gt s FRnERER T
MEEER, —RRICRE I, N—F~fifishns. kKK
DEERITIE, N —F PR ICERIE S N AR TN —F
TicER SN AWEEZ N LT 2 HAars 7Y LVET
I H AT TR EITo 7.

(72)

HABME & 555741795 (2015 4E)

Tubular flame burner/

Thermocoupe Recorder Digital Video Camera

Fig.2 Schematic of the apparatus.

7o, MEGBREZ R TR, EHEOMEL,1FHT 51
785 (NS 50 mm, =& 300 mm) ZATEFORD D ICEK
B L, FHEE 02 mm D R FEER (P/Pt-13%/Rh) % HfiA
LU CRRRITI, B X OVl ik EE o A % J5E U 72, JE fL
DONE I, WREHLUEE2 o Ofls z 328, 2=
55, 125,200,275 mm D 4 A TH 5.,

3. REER

3.1, KRR H LK RRESEH

IFC DI, PMAERERI TICRA Y v ERLRD VIR
Rk JERERR, JERFAN—F 9 5 IREH L SIS
N5 KEHMEL & KR L ERPHOME 21T > 72,

£9, JEREIRIAN—FI2ONT, BREETESME Qu %
BPSIIcseE L CRBRARR One 23RS &, 2N — P IS
B I NI OEREDL SR I NI KENEEZK 3 ISR,
THc 1, AR 2S5 R Qur & C DY Z FIRIRE L
i TH > TRD LA DARDRE H UL Vi aie DALDS,
ffemhc 1SR @ DEIRENT WD,

Ouir=2.0m'n/h —EDHE, MR & =1.0 DETIENHE
5 7 FIBWIE OB IR K R D3 % FLEHRNEEIC A E SN D
IR ENS, LrL, BEREZRAIESLLED
WS L7zD LTw & REHERD S BEFLL TN k28
L, I oICiEEZHRI S5 L RRAR, ]
PRIBHLE C TR L 72,

TEEVRER Qur & 3 miwh ICHIINT 2 &, WiEH 1.0 £
TIEKRER, FHE HIT Qur =2.0 mn/h DEA L IZITFH
CTh 3D, BREKRZHEED S WIFMEICLTWwL L, K
REHEVBETEHLL, KT, @wRHclE BRI
WRL, —H, mElTREMIchiz > TRERIVIR E
%0, Z D%, iR ATBRERAL, A AR AT TR L 7.
728, WEE 30 mm, £ & 120 mm, MUHEAD % FLE Y FH N —
FRKFICHIE L 7288, GEEARTIEAKR T HINE S
B3, RlcfRICEI L, KR BT EBOE L 22 REETH
KT 2D, BREAKRTIEARTEMEE L2152 500,



Hl NI, EIRKENIEBOE A AR Z I L 7287 L IMEEART I B9 2 SEERIIpEZE 73

Qair =2, 3, 4, 5,
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44.2 cm/s

Fig.3 Appearance of flames in the non-swirl type burner (S=0) for Qair =2.0 ~ 10.0 m’w/h.
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Fig.4 Appearance of flames and illustrations on the occurrence of local
flame extinction and cellular instability in the rich and lean mixtures,
respectively ((a) @ = 1.6, (b) @ = 0.6 at Quir = 3.0 m’n/h).
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Fig.5 Mapping of stable flame regions in the non-swirl type burner.
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Fig.6 Appearance of flames in the swirl type burner of S=2.8.
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Fig.7 Mapping of stable flame regions in the swirl type burner of $=2.8.
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Fig.8 Appearance of flames in the swirl type burner of S=5.9.
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Fig.9 Mapping of stable flame regions in the swirl type burner of $=5.9.

MEDIEMT 2 &, 7T, FdiniRRA DML D KREL Ko
7=,

ST, MEENICER I NS KEDIMEEHKEAN—F 12>
WCHART, e LT, BB RIS T, BABEA
TR Quir = 5.0 mn/h —ED S & TR Ona % B
SEGEDKRENE K 12 1TRT

%9, JERERIEAN—F YA, YR =10 TIE, ¥
BERPHEREONMNCAE T 2 X ) KBS, AR
WIZ MO CT L2028, ERAEE S A 12 X 250 Tt £
THETW 2 (X 12(2) HE)., HARZIBEIRD 5 VI A
295 &, KEFMFED SN S & FRHCHG R R T
OHFEERICADRAL, o0&, B\EEcizkRI: B
0 BT DS C L 2 2 &, ST I3 AT I Y
WHEL 220005 (X 12(a) LB, TE.

—Ji, RN —F DG, AEENITHO 7 KR
NEHMHERR W E23ba s, Z4Ud, HiobmE Oz R
WX DFhpzontkizvtEILIoNn5,

KU, BRKR DI S — FBEFEHT ISR S 15 1%

BEFHZE R Ouir = 5.0 m>w/h, W @ = 1| OZMT, B
INEH 225 % Pt Q=1 m’n/h & 4 m’vh THRL 25540



76

$=12.0| O, =2m’vh | O, =5m’wh | Q, =10m’\h

o|e
Ol®
OJojo

Fig.10 Appearance of flames in the swirl type burner of S=12.0.
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Fig.11 Mapping of stable flame regions in the swirl type burner of
S§=12.0.

KENBZIK 13 13T, PR, AT RO B ik il
»oiro Tz,

FEIEIEL NS — F D86, BB ZERIRD 5 WG A,
FRDE AT TIRBES A DI H S 728 (K 12(a) HHEY),
BMBHEEMZ R T & 2OFEIEMERL, BiEmomigkt
EHLDEPERE RS, KBTS E, 2 oIFRAIZHE
WIRTIE R L, RBED A IR0 7 d Rt LI
TWA I EBbn5, Lirl, BIRKEZDLDDIIRG,
FIEWIR % PR > T B,

—7, WERRAN—FOE4, S=28,59 OD/)N—FTlI,
BB 3 e WA IR, FT, BIRKEDIATENF
THOT V22, BERIDHEY S =120 DN—=FTIEIEEA
EHOT, HIRKEZDHDHWTNRDN—F THEEIZ
EIRI T3, £, BAEEHLHMOREIETH 553,
WD N —F T b FRE O B W & o Tw
5, BIRKRZMC2 L&, EEAMPTOEGIRRETE
52 EDIRINTVE21], SRIOEILT, BIRAKRKE
PN—FBEENE  ICTERR S, — 5, #nEiz rhLEsic iR
ETIUL, FIRKR 2 REICHER LMBUCRIHTE 2 2 &

(76)

HABME & 555751795 (2015 4E)

Front Side View  Quartz Tube

View

Quartz Window
orous Cylinder or Tangential Slits
v B Cylind T ial Sli

Fig.12 Appearance of flames ((a) the non-swirl type burner (S=0), (b)
the swirl type burner of §=2.8, (c) the swirl type burner of S=5.9,
and (d) the swirl type burner of S=12.0; Qair = 5.0 m’h, @ =16
(upper), 1.0 (middle), 0.6 (lower)).
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Fig.14 Radial temperature distributions ((a) Z=125mm(Z>), (b)
7=275mm(Z4); Quir = 5.0 m°x/h, @ = 1.0, Oinj = 1.0 m>x/h).
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Fig.15 Radial temperature distributions ((a) Z=125mm(Z>), (b)
7=275mm(Z4); Ouir = 5.0 m°x/h, & = 1.0, Oinj = 4.0 m>x/h).
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Fig.16 Predicted axial temperature distributions for the three
representative thermal conductivities ((a) Qinj = 1.0 m3N/h, (b)
Oinj=4.0 m3N/h; open circle: the measured temperatures on the
centerline when heated with the non-swirl type burner.).
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Fig.17 Predicted axial temperature distributions for the three
representative wall temperatures ( (a) Omj = 1.0 m3N/h,
(b) Oinj=4.0 m3N/h, open circle: the measured temperatures on
the centerline when heated with the non-swirl type burner.).
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Fig.18 Flow visualizations at Z=55mm ((a) S=2.8, (b) $=5.8;
Oinj = 0.03 m’x/h with seeding, Qair = 0.3 m’n/h without seeding).
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Fig.19 Predicted axial temperature distributions for the representative
heat transfer areas ((a) Oinj = 1.0 m3N/h, (b) Oinj=4.0 1’1’13N/h,
open circle: the measured temperatures on the centerline when
heated with the non-swirl and swirl type burners.).
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