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Theoretical Calculation of Pressure Characteristics in
Two-Stage High-Velocity Oxy-Fuel Thermal Spray Gun Employing Supersonic Flow
(Validation by Cold Flow and Actual Spray Gun Tests)
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Jin KAWAKITA, Masayuki KOMATSU, Seiji KURODA and Minoru FUKUHARA
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The theoretical calculation of a two-stage high-velocity oxy-fuel thermal spray gun was conducted for the purpose
of predicting the stagnant pressure in the mixing chamber (MC). The theoretical results were compared with the
experimental ones obtained by the cold flow and actual spray gun tests. The effect of the diffuser shape installed
between the combustion chamber (CC) and the MC was also investigated in the cold flow test. It was clarified in this
study that 1) the theoretical calculation shows that in order to obtain a larger pressure in the MC the diameter rations of
ds/dy; and dy/dy; should be chosen to satisfy Eq.(11), to keep the diffuser throat unchoked, 2) the theoretical results of
Pos/Po1 agree with the results of cold flow test within an accuracy of 6%, 3) the theoretical results of py; agree with the
results of actual two-stage HVOF gun test within an accuracy of 4%, demonstrating the validity of the present
theoretical calculation.
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Fig.1 Schematic diagram of thermal spray guns
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Fig.2 Flow model of two-stage HVOF gun
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Fig.3 Pressure ratio pgs/Po1 89ainst Poz/Poy (ds;=8mm) Fig.4 My and My against pe/po; (€ =11°, dz=8mm)
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Fig.5 Experimental setup of cold flow test
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Table 1 Mass flow rates of fuel, O, and N,

No. | Kerosene [ka/s] O, [ka/s] N, [ka/s] W
1 4.81x107° 15.9%107° 9.60x107° | 0.464
2 4.15x107° 13.8%107° 19.2x10°° 1.07
3 4.00x10°° 13.3x107° 29.0%x107° 1.67
4 353x107° 11.7X107° 39.2x107° 2.58
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Ul P = pu &R DIRAGMHTHD. P @, O, XENIFEEHERTHD. KIZiE, =0, 57, 11°OLED
PRERARNTRS B & EBRAS R, Mt A LT E S TER OURLTWS. M7 L0, EBE B33 o
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Fig.7 Pressure ratio pgs/Poy 8gainst poa/po; (s = 6mm) Fig.8 Pressure ratio pos/po; against peo/po; (da; = 8mm)
4.2 EHHER

FT, BEENDLT 4 72— FHOETOWN, BIWNEAENDIRAE  AVH O TOWMNPMEFERIERE
WO AR 1 D 8B BTV AT S, D7, 2 BY HVOF ¥4 o & R UBBE=R % ¢ > HVOF
VRS A7 (Praxair-TAFA #H8 JP-5000) (22T, BRBESRITE /O FEAEGE & ot RAE R 2 i d 5. EBRShE, 4T
T 4.63X10° kgfs, FEFEH A 15.0x10° kgls & L7-. BREEROGHIENS 020 1 0 L &, (L E#EHE T
O DRBEERIRE L 3118K Th L. Z DL XOMBERIE O Z K 2 \Rd. KREY, BEEENO AT — |
F CHEALFATHIR & ET D & FEBRIE & ORI 2.0%, (LRSS IET D EREEIT-17%Th D, &5
12, £ 2 OFAWIRT & 51, LFAERETE CREEE O A — M E CTEELE G ITRERDOE T ETHD &
IR LA TH, ERIEE OEIT-1.7%ThD. £ T, 2 B HVOF A7 o FEREDfNTTIE, RBE=ND
T4 72— P AODETH ARG EEHBAGREEOMTEL T 5. £z, BAENPLIRAE/ AVAr— |

Table 2 Comparison of measured and calculated combustion pressures of HVOF gun

Cal.
Exp.
Equilibrium | Frozen | g=const.
Po [MPa] 0.656 0.669 0.645 0.645
Error % - 2.0 -17 -17
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EFTHIAERET 5.

a—)L F7e—R BoLAI1ciE, K7, IR LX) ICKORENZE pu/pn & L7z, UL, FEHEGERERICHE W
T, BBERIT] poy DHEREAT 5 728, pof pou 2R E L CHWD Z L3 TER. L Z2AT, 3-2#HiTib
&9l R TCITE R E M, m 2L TWD. 2T, SRR & A HRERTEOREEDSB AL,
BaiiEtyy (=m /i) 2RO, BREEET ) po ZftEh e L TRV .

F 1R LTI BAET R/ L C 2 B HVOF {851 o DIRBERITE ) py % 715 L7 5R & EBREDO il 21X 9 ©
SR, PO T @ENIERRANTR R, OFNIERMERTH L. KLY, HRRATE RIS 4%LIN
TERMEE L TEY, KFHEETIBBULRAZY THDLE VR D. 2B, v BPKE 251 ERtERE I3 ER
EXY HRE DD, ZHUICEk (18) LV, IRAZEOHAIEIG % po ICHEEMRIC 014 LEELTZHTHD
EEZLIND. Fiz, IOTEDRT AANLT 4 7 a—HF 20— hO~ v EOFEER, BENIERNE X
NAT— DO~y BOFERRETHD. MEY, FTIET 4 72— P LEHNE ) AL An— MNIFa—7
L TR,

812, EHERBRICIIT DIESILL poalpor & PoolPor PEIRO R RS R A 10 1~ KKV, MO alRER
RN ATEOFPAN T, BLF 0.95 < pra/pei< 0.99, 0.96 < pp/pu< 1.04 TH 5. TR CIXTH A LIRAS
AGT 2 2 T2 OB I E T X 720D, FEEOLE DIE I Poslpor, Poolpor OAEENEEFAIEL, =—/L K7 1 —iBR
DBEDR 71281 % 0=11°" O RO LSO FHPIITIE YS9 5.

1.4 fr—r— T e 12— 3
: ® p,, Cal. 2 E
1.2 3 O Poq Exp. — 10F - . o
1.0F / : :
— E 0.8F =
T o8t 5 b :
= Tk g E
= 3 & 06F ® Pys/Pyq Cal.
S 06E A My Cal. 06 <k [# 2o E
3 L\ m M, Cal. 0 4§ E
0.4E — 0.4 T
E — = ] :§ 3 3
02F T 30, 02
3 ||]|||||||||||||||||||||_0 E
0 L PR T T L1 L1
0 05 10 15 20 25 30 094 09 098 100 102 104
Va1 Po2/Po+
Fig.9  po1, My and My of two-stage HVOF gun Fig.10 Pressure ratio pos/[o; against po,/jo; of two-stage
HVOF gun
5. #& EC

2 Bt HVOF {5t 77 L INODJE S EIC B9 2 BRI 212 R L, T ORI EAERZ FIROER T A% V- a—
VR 7 a—iRBR, L2 B HVOF ¥4 7 o O FHERBROFE R & DIl X 0 e L7z, AFBR TRV FiES
T, B L OMEER O TS o Elekkimae LR,

(1) a—n F7e—alBa e L-EmITER LY, BRASENZ2EO10IT 4 7 a—F DA — k3T
a—27 LWL D, T4 7 a—FRa— MER e ITRHT DIRAE ) AV A8 — MER dg DI dy/dy , 35K dye
WZRT BT 4 7 2a—PH OB de DI die/dy 1E, X (11) 274X 0 IGBRET HIMENRH D, BEEER LIRS
BEORSTIIT 4 7 2a—FRIRETD2ONRLL, T4 72—V DOENY 240=11°F TlX, REETEHZ25E
DHNENBOBEND. FT7, gl TN EWIELIREEES posldRKE L 2 5.

2 2= F7a—EBRE Y, dy=6mm (=dy) OEA, JESI pelpo DERRNTHEILRRE 3%LAN THBE
Bl —ET 5. dg=8mm (>dy) DA, HEGMHTREFIZ0=0, 5.7° TITidE 4%LIN, 6=11° T3 6%LIN
TEBRERE KT 5.
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(3) 2 Bt HVOF i85 7 o DFHEERBR LV, IRBESSIE ) O PRGRIRATHS 135525 4% LIN CTEBRFS R L —F L, A
FREEATEN BRI RZ U TH D Z ARSI N,
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