NBNUMTIVETUaNYI]

(MHHNUIIY)

< [
msandyrmn msesnuu waz msdiuilzsmsldaunmdena
dmsunseafuaumnldfidssanBmmgaiu

=3 ! iy a o s [ Y [
(MsufnE I nIBsfuALEn divathaieYaues dminguasssii)

Problem Investigation, Design, and Validation
for Higher Efficiency Fired Clay Biomass Kiln

(Case Study of Pak Huay Wang Nong, Ubon Rafchathant)
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Abstract

This research plan aims to investigate the current status and problem in the operation of big
scale biomass kiln in the mortar (or fired clay) industry in order to improve the thermal efficiency of
the current kilns. The survey was done through most of the kiln owners at Pak Huay Wang Nong or
Patum village in Ubon Ratchthani province, where is the biggest mortar industry in Thailand. Thirty
eight kiln owners were participated in the project providing the information in the production process
and remedies. The data from éach test such as weight of fuel (biomass), weight and number of mortar,
and temperature along the kiln, were collected, inciuding the defected products. It was found that most
of the owner operated their kilns over heated where the temperature is too high. This causes too much
energy lost and giving low thermal kiln efficiency which is around 8-11%, while the amount of
defected product is between 15-20%. In this reach plan, the CFD technique was applied to simulate
the hot air flow in the biomass kiln in order to design the prototype kiln. Three prototype kilns were
then designed based on the biomass kiln design principle, CFD results, and practical aspects. Three
prototype kilns were built and test at the co-operated bwner factory. The tests revealed that the
prototype Ubon-1 kiln gave 12.66% thermal efficiency, while the Ubon-2 and Ubon-3 gave 14.11%
and 16.9% respectively. The defected products were being lower to 10-15% in all prototype kilns and
the operating time could be reduced by 0.5-1 day. Thése research results will be very useful if the kiln

owner apply the prototype kiln in the near future.
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QC = hA (Tl "Tz) (25)
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4 . -
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4%’ Aa 2
A = WUNAIVBUAUHT (m)
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T = gUNYIYBIDINA (°C)
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- anwudeugaudaiiosnnmsudssianudon (Q)

hd [
ansomualdnnaunmsds T

Qr = GEA (T| _Tz) . (2.6)
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2) ngag%’nﬁiumuﬁ’u (Conservation of momentum)
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3) ngﬂg%’nﬁwﬁum (Conservation of energy)
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2.2.43 qUNINIVAU (Governing Equations)
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2) AU UGN (Momentum equation)
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v. = anusivesms maluiiemax, (m/s)

v = anuwswesns malufiemay, (m/s)

= ANunULUYeIves va, (kg !/ m’)

= mmns’azﬁmmﬂusﬂﬂnﬁawaﬂan, (m/s*)
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»  Three solver options: segregated implicit, coupled implicit, and couple explicit



Complete mesh flexibility (Quadrilateral, triangular, hexahedral, prism, pyramid, and mixed
- element meshes

All speed regimes (low subsonic, transonic, supersonic, and hypersonic flows)
AMITOAUINIULY Parallel processing 18 -

1315091 mesh generation 18 w5e 1 software dsenouyislumsadia mesh (pre-processing)
(YU Gambit H30 T-grid .

Solution-based mesh adaption

Steady-state and transient flows

Inviscid, laminar, and turbulent flows

Newtonian or non-Newtonian flows

Full range of turbulence models from simple k-epsilon models to large eddy simulation (LES)
Heat transfer including forced, natural, and mixed convection, conjugate heat transfer, as well as
several radiation models

Chemical species transport and reaction, including homogeneous and heterogeneous combustion
models and surface reaction models

Free surface, Eulerian and mixture multiphase models

Lagrangian tfajectory calculation for dispersed phase modeling (particles/droplets/bubbles)
Phase change model for melting/solidification applications

Cavitation model

Porous media model

Lumped parameter models for fans, radiators, and heat exchangers

Dynamic mesh capability for modeling flow around moving bodies

Inertial (stationary) or non-inertial (rotating or accelerating) reference frames

Multiple reference frame and sliding mesh options

' Mixing-plane model for rotor-stator interactions

Acoustics analogy for prediction of flow-induced noise

Materials property database

Integrated problem set-up and post-processing

Extensive customization via user-defined functions (UDF)
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3.C 9035UM 4.79 37.37 46.00 7.67 | 0.34 3.83
4.D 903501 4.98 38.86 43.85 7.97 | 0.35 3.99
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38.LL 9024U M 499 | 3891 43.89 798 | 0.24 3.99
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. = Color Rejected

O = Vertical Crack

= Deformed‘Shape

= Ring Crack

= Scaled Surface \

mﬁmmmﬁmmmmaﬁﬁ
Vertical Ring Crack | Scaled Surface | Color Rejected Deformed total
Crack Shape
268 - 165 62 82 577
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. = Color Rejected
O = Vertical Crack
= Deformed Shape
Q = Ring Crack
Q = Scaled Surface
msmmm{immmmaﬁﬂ
Vertical Ring Crack- | Scaled Surface | Color Rejected Deformed total
Crack Shape
16 - 112 112 4 224
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O = Vertical Crack
= Deformed Shape
O = Ring Crack
= Scaled Surface
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Vertical Ring Crack | Scaled Surface | Color Rejected Deformed total
Crack Shape
40 - 330 3 7 380
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. . = Color Rejected
O = Vertical Crack
= Deformed Shape
@ = Ring Crack
€ = Staled Surface
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Vertical Ring Crack | Scaled Surface | Color Rejected Deformed total
Crack ' Shape
32 - 155 5 7 199
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@ - coorrejected
() = Vertical Crack
= Deformed Shape
€) - RingCrack
= Scaled Surface
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Vertical- Ring Crack | Scaled Surface | Color Rejected Deformed total
Crack Shape
92 1 47 24 1 165
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Scaled Surface

® - coorrejecied
() = Vertical Crack
= Deformed Shape
() = Ring Crack

W-54



l!N‘Mﬂ'lW!!ﬂﬂ@ﬂlﬁ@!aﬂmlﬂﬂﬂﬂﬁﬂ{iﬁ 4

@ - cowrrejected
(D = Ventical Crack
& - Defonne;i Shape
() = Ring Crack

Q = Scaled Surface
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Vertical Ring Crack | Scaled Surface | Color Rejected Deformed total
Crack Shape
15 - - 2 - 18

H-55




00 O @

o Y b 4
UAUNHUTAIVDIUTBD TN I3 ﬂﬁznmn

= Color Crack
= Vertical Crack

= Deformed Shape
= Ring Crack

= Scaled Surface
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Ring Crack | Scaled Surface | Color Rejected Deformed total
Crack Shape
116 - 104 9 170 399
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‘ = Color Crack
Q = Vertical Crack
= Deformed Shape
O = Ring Crack
@ = Scaled Surface
AT NUAAID MUV
Vertical Ring Crack | Scaled Surface | Color Rejected Deformed total
Crack Shape
102 2 213 34 21 372
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= Color Crack
= Vertical Crack

= Deformed Shape
= Ring Crack

= Scaled Surface
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beformed

Vertical Ring Crack | Scaled Surface | Color Rejected total
Crack Shape
170 16 215 16 16 417

*1019U1A 3000 U

W-58
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'Q = Ventical Crack

= Deformed Shape
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= Scaled Surface
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Vertical Ring Crack | Scaled Surface | Color Rejected Deformed total
Crack Shape
35 - - 2 1 38
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