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Analysis for the Pulse-Jet Cleaning Flow of a Hot Gas Ceramic-Filter Element
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An axisymmetric Navier-Stokes procedure has been developed to analyze the pulse jet flow in a
ceramic filter unit for the dust dislodging process. Using Baldwin-Lomax turbulence model as a
closure relationship, the SIAF(Scalar Implicit Approximate Factorization) algorithm together with
the 8*-Correction iterative time marching scheme is adopted to solve the unsteady compressible
Navier-Stokes equations.

After some validation tests, the code has been applied to solve the pulse jet flow and examine
the effects of geometry and reservoir pressure condition on the pressure level inside the filter unit.
To avoid dealing with the uncertainty of such factors as the cohesion of the collected dust and
the adhesion of the dust to the medium and also to simplify the analysis, the filter wall is

assumed to be impermeable. The results for various test cases are presented.
1.4 &

Ardste} A AAALer @7 edol AsEAA oo did A FA 1o WE FAIL
482 9tk B3 4F 4242 2 AFAY 1L 7] st 2EE 29 EFA g gl
9L 2 A= 22 ARHA T e AAolt oy drled EAEL ARHoZ Ao
I HjEFE FAA otz B AT FA FAM A2ty AHAE oj£F A3 JA &L
71414, 383 W74 (mechanical and chemical durability)S 7FAI8i[1, 2], 71&9 44L& A7
AR7 v ASE7F Hog 108 FE=A w23 e HXE AAs7) dE] dxe
Wz duj7l 9e3tA] gol 2y MHulz oo wirjrtAE M 4 Ju(3], 2t
A7tEE Ax2TA, ¢ Fol o8 F Ue T FFo] Ut

Azt A4 YAAAE o8 AHFRe 2A 33 2 2W HHow vy 4 by B
A7NE RAHPE FA fiter W] TJD VA2 AASE 2 FRe dEax B
Az dnAe £YY BAZ AAEL F2 1¢9 pulse jerd BANAM oFAAA H

I N¥EE Fig. 1 7 2o

Pulse jet& o] 8% 23X FA9 AFE ¥H ¥4 € 429 g ez TP dAA9 &
A, Ax Ay g 2HFE A=A wE A 2 I wE dHe 3§
(permeability)°] 2etA]7] WHEFo] F2 APl &8 KoH4-6]. ChristF[7]L shte] IH unit
d d3td F93F F53S 7]'745}—’ A4 CFD Z=2%#<9 FLUENTE o] &3l ol g4 o

A fF MNE FYPsn T (NS AY A vudd e g3 7&E(reserv01r
pressure)ol] A vl A &gk 7&-‘4'2 AAurt B AT E e 45F fiterE 53 FAAA
°] dojyE FERE B&3}AA Fig. 1 011*‘]9} Zol 1719 unitdll g A FEZog J1A
gted 71€9] g R dFA EEZPE AAHY F5Fo dig Hue @158 &E ¥ol7] H
8] ALEE < orifice T3 22 71883 84Wsd & AH(E 1A

2. Mg A4 2 =AY

1) @=23st7149 71418 (305-701, HAFHA F4dF FAF 373-1, Tel : 042-869-3058)
2) ST n8trjed 71 AT 8 (Tel : 042-869-3018)

-110 -



A FANN REFow FrE FdA RS ¢FEHFF A A=, Navier-Stokes, 2
ga vz BAZA8]e Fadsstd ALgsAT. FAHYOLEE Beam-Warming g9 ZA}
A38t9 block B8 AMAES §AAS(similarity transformation)2 2 zts} st dAE LA
& EHUIFAIE 4749 scalar tridiagonal FEE FAE3A #HE T8k SIAF(Scalar Implicit
Approximate Factorization) ®[9]& Z&3lRd. dAdede] FIxE 2+ Harten-Yee?] Flux
Difference SplittingZA1 29 239 Upwind-TVD7I¥[10]E HEd #FdAIdHE, ARAEYe=
£ delta 8o WAA 7o) AXNE B ANAREQE 287 9 Matsunost AAFE ¢
-Correction ¥[11]1S =¢8tg 2 Baldwin-Lomax'd &2 @[12]& AM&&t ot

3. A% 43t 2 £

WESE AMdA F88 A thFoJAE convergent FEo] 45" ZAAbo) i divergent ##o] 1
5° ZAA Z2YA JPL =& §%5& £3 codeE AF3YUT 71E EA A< stagnation ¢E 2
25E ZtZ} 10atm % 573K 2 Fo $F% 9F FASE EF ALsR=d Cuffel F[13]9
Ag A} vuwse(Fig. 2) & 4Age £ 5+ Ao

13e] ARG EE e SIAF FA8Ee] 28 298] 98 65C HEe Hegen
ZA9H &5 MM F83 2 ARE 2FIFAY. Euer FHoln ¢ = 025 ¢ wlo] ANRE
Fig. 3¢ siAsist nlmatdch. SIAF el 2@ e siys)e 2ol Ho} §*C i 3
& dxEgs £ F v

Aty g 233 FEH4E Aso Fig 49 290 =2 2719 blocko.2 o] Fold Az}
AL FASHE. A AA blocke reservoir ¥ EH unitgd X33 285 blocke jet nozzleZ
Y 92 dAAAAE 2384 Aot HA] no-slip 2, A3 2L ulg AA UAzAS
o AAZAE ALy E 271238 x=0 & YA} UE valveE Atold] T3 9% 14t A
e} A(reservoin @ ¥ o] 13(EE 20)atmo]l® LEE£L HEF o2 [fatmolE Q1L SEE
4% BT 50K, 9T g 9dA AR £ 0olgtn 7HAE T Table 12 A4tol
A ArgE 71EgE 3 "e el dimensions& YERR Rojt)

Temperature 500 K o
, Jetd) .
Orifice . o 5 Reservoir
Pressure 10 atm Orifice 2% #1 2] (nozzle
£ 7o) o N 2-6]) pressure
density 7.06 m’/kg -
Case A 0.25 A wo 0.5 13 atm
Speed of sound 448.22 m/s
s Case B 0.25 Eo] ¢gyEo A 0.5 13 atm
Dynamic viscosity |2.67X10” kg/m - s Case C| 025 Wy B 05 20 am
6
Reynolds number 4,74 %10 Case D 0.25 CH’:‘,] Eoot 20 13 atm
Inner diameter 0.04 m Case E| 0.125 hy v 0.5 13 atm
Filter length 1m Case F 0.3 03 2% 0.5 13 atm
Table 1 Reference properties and filter dimensions Table 2 Various test cases
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Fig. 2 JPL nozzle flow
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Fig. 3 Shock tube problem
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Fig. 5 Computational grid(Case A, C)
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Fig. 6 Velocity vectors at inlet region for
Case A at various instants
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Fig.7 Comparison of entrained total mass flow rate
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Fig. 8 Comparison of centerline pressure at = 750



