SIMULATION RESULTS AND ANALYSIS

'I ;
There are 5 simulation results , udy. Three sets of the simulation are

compared with results taken {ro -\,,;R-\ ch is currently used for removal of fly
ash from boiler flue gas and two.sets of mulatior ompared with case studies from
other literature. Optimizatios nd real expense in both total fixed
cost and total operating \a aterial and fabrication cost for
cyclone body. Support strugturgras are excluded. Total operating cost
is calculated based on

(EGAT). Maintenance cog ol
5.1 Simulations of an Existing

A cyclone, Shépher i Lapple type méter and 2.0 mm thick, is used

for collection of fly ag

A Ly of 2 tons/hour of combustion
exhaust. Tables 5.1 anﬁ.z show de

ation of % cyclone and details of fuel oil
and recommended exhaust gas quality. deferent measurements of exhaust gas

qualities were ﬂd%ﬁu%c%}% @Wﬂﬁ]’ﬂx@m) Co. Ltd. Cyclone

operating conditifids and measured exh?ust gas quahtles are shown in Table 5.3. Using the
operati rﬂﬂtﬂgﬂ Tg:rﬁﬂ Wﬂj m loﬂ']ﬁ (Ejducted and the
results argsshown 4 to of comparison.

From the measured exhaust gas quality results, it is observed that air quality and
air temperature are different each time (day) that the measurements are made. The
different in air quality would result in quality of fuel oil and the different in air temperature

also results in the difference in physical characteristic such as density and viscosity.
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The main reason for the difference in these operating conditions is the steam
consumption in each day. In normal operation of the process, amount of steam used in
each day depends on types of products manufactured on that day. When the consumption
of steam varies, fuel oil and air which are used for generation of heat 'required for steam

generation also varies.

d Lapple

Term Unit
D 960 mm
a Inlet height: 480 mm
b Inlet width® 240 mm
S Outlet leng 600 mm
D, Outlet diametg 480 mm
h Cylinder height: 1,920 mm
H Overall height: 3,840 mm
B Dust outlelid 240 mm
K Configu 'V -
N, Inlet veloci eads 8.0 -

Surf Surface parameter, 'Y, 378 .

PR TUAMINYAE



Table 5.2 Details of fuel oil and exhaust gas from fuel combustion.
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Fuel data Value Unit
Particle size MMD 10.0 Hm
Boiler capacity 2,000 kg/hr
Oil consumption 245 kg/hr
Sulfur content in fuel 3.0 %
Exhaust gas temperature ~200 c
CO, in exhaust gas 135 %
Fuel gravity 20.0 API
Exhaust gas pressure .01><105 Pa
Ib. of exhaust gas/Ib. of fug : 17.2 -
Ib. of exhaust gas ' \\ 9,291.87 Ib./hr
emission factor for TSP NN 0.033 Ib. TSP/gal fuel
Ib. TSP/hr 1.0372. kg TSP/hr

AUEINENITNGINS

PIAATUAMINYAE
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Table 5.3 Cyclone operating conditions and measured exhaust gas qualities.

Parameter Experiment cyclone operating condition
Measurement No. 1 | Measurement No. 2 | Measurement No. 3
d, m 320X10° 320X10° 320X10"
0 : 5t T 1.501 1522 1.486
P, kg/m® 1500 1500 1500
P . kg/m’ 0.74573 0.74096
" Pas v 46X10" 25.86X10"
DL kg/m' 9 919 0.0001919
Temperature ; K 470
Humidity ; % = 8.36
TSP, ; mg/Nm' i 29 442811
Cyclone Diameter ; m b z, \ 0.96
Operating hours/year ZOOOJNJf A Y\ 6, 6,000
Y ; year £ - Jé \ 5
¢, ; baht/unit A= 107 1.07
N = 1 1
Particle diameter ran S 1
0-5 Um,g ——35%" 3538
<5-10 Um , g 228, 223
<10-15 lm , g "A 149 143 149
\
| 6.4
71
7.0

6.5
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The simulation can be Vused both as an analysis tool for prediction of the effect of
changes on systems and as a design tool for prediction of the performance of new systems
under varying sets of variables or circumstances. To optimize the design of parallel cyclone
having a tangential gas inlfet, the behaving of the system is studied by developing a
simulation model. This model usually takes the form of a set of following assumptions

concerning the operation of the system.

(2) The motion of : 1S 7 nfluenc: )y the presence of neighboring
jiven by StokesLaw
N\

(5) The tangential ompornient 4 b le is the same as that of the gas
stream, that is, there is no slip in/he-tangent on between the particle and the gas.
(6) The tangential velocit ;5-?;,'3,‘ onen ed to the radial position by a modified

form of the Equation foraffree vortex in an ideal fluid:

u,R" = const.

ﬂ u EJ ’J EJ‘ Q{] j w)bservatloﬂihepherd CB. and CE,

In the ideal free qrtex law n=1, but expenmen

e LI ST
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Table 5.4 Comparison of simulation results and measured results of cyclone operated on

conditions based on measurement No. 1.

Parameter Results
Measured values Simulation values

d,, m - 3.05X10°
d, m | ‘3.2ox1o'6 3.20%10°
0 y m'/s s » 1.501
Temperature ; K __ . ) - 4 473
Cyclone Diameter " T ' 096
Operating hours/y ' N 6,000

Y ; year , ‘ " - 5

¢, : baht/ 4 1.07
N L 1
AP ; N/m’ | A | 510, 500.10

| TSP, ; mg/Nm e { B

€ ivea 1 DaNt i 17,126.54
Coper : aNL =L 246013 24,095.76
¢, ; baht g AV 4122230
Objective 0.00102006
Overall Collﬁing ) . 7 69.49

AULINENINEINS
AN TUNNINGA Y
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Table 55 Comparison of simulation results and measured results of cyclone operated on

conditions based on measurement No. 2.

Overall Collﬁin'

Parameter Results
Measured value Simulation value
dyy M " 301%X10°
d, m 3.20%10° 320x10°
Q < m’/s 1522
Temperature ; K - 467
Cyclone Diameter | - 0.96
Operating hours/y: 6,000
Y ; year 5
¢, ; baht/un 4 1.07
| N ~ 1
AP N/m’ -L':t 520.81
TSP,,, : mg/Nm : :- :
Cea : DL IgEeT™ 17,126.54
C,per ; L = 4 25,444.70
¢, ; baht Z 42,571.24
Objectiv 0.00098506
69.71

AULINENINYINS
RINNINUNINYAY
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Table 5.6 Comparison of simulation results and measured results of cyclone operated on

conditions based on measurement No. 3.

Parameter Result
Measured value Simulation value
d,s im - 3.06x10°
d, m 3.20%10° 3.20%10°
Q0 mJs : 1.486
Temperature , K . ) : - 470
Cyclone Diameter ; ' 3 0.96
Operating hours/y 6 ‘ | 6,000
Y ; year . AN\ 5
¢, ; baht/u -4 47 1.07
N > : _'.‘ v 1
AP N/ ‘ 7 493.29
TSP, ; mg m3 % = 5
€ fised baht L i 17,126.54
{4
Cont baht —— 5 23,530.10
¢, ; baht = o 406563
Objectiv ~1 0.00103334
Overall Colﬁﬁ 69.44

AULINENINYINS
AN TUAMINYAE
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Table 57 Summary of the deviation of the measured values and the simulated values in

each measurement.

Parameter Measured value Simulation value Deviation ; %

O, :ms 1.501 1.501 :
O, m’s 1522 1.522 :
¢ : m'/s 1486 1.486 -
AP, ; Nim’ | 60\ /) 10 - 210
AP, ; Nim’ ' a [ 81 - 243
AP, : N/m’ _ 99
m:% X + 5.58
n,.% . 1 + 561
s % &= ') +6.08

Comparison of the si ed res ured results of measurement No.
1, as shown in Table 54, sho E : f 11: ressiie drop of the cyclone is lower than
the measured value. The reas‘ ;:_i?d asured value of pressure drop are: (i)
humidity of hydrocarbon c i i tai '_n gas stream approximately

8.35%, causes both fl he simulated condition and

(i) the cyclone wall is r\me

%e higher than usual.

From T y, total fixed cost, total
operating cost ﬁiuﬁo‘:}ﬁﬁnjﬂﬂ wl\r[ﬁllamon value show that
overall efficiency of simulated value is 1 her tha tual operation, the
cyclone my ﬂa m “ﬁsﬁﬁ ﬁllﬁégl The collected

pamcles m actual cyclone can not easily slide down to the bottom collector and sometimes
they would flow back into the gas stream. Total fixed cost of measured value is higher than
simulation value because the structure and transportation costs are excluded in the
simulation. Total operating cost of the simulation is less than the measured value because

the pressure drop of the simulated value is less than the measured value. The difference in
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pressure drop would result in power consumption of the attached blower which in turns

would result in difference in electricity costs.

Comparisons of results of other two measurements and simulations, shown in Table

5.5 and 5.6, also show the same behavior as observed in Table 5.4.

Table 5.7 summarizes the deviationg observed in this study. It is clearly seen that

the predicted pressure drop value allye 2.25% lower than the measured value

and the predicted overall efficiency is a imately 5.6% higher than the measured value.

Optimizations of thé Were=conducted Standard cyclone types and one

User Type. The object
Objective Equatio

Constraints
1) 15 /s

i |
J N, < N,. Integer

q?wawswaﬂnﬁ
ama\aﬂmumfmmaa

6) Minimum total cost ; c,

2 N

5.2.1 Cyclone optimization analysis

Optimization cyclone simulation of the actual value and 5 standard cyclones are

calculated at minimum inlet velocity. Simulation results are shown in Tables 5.8 to 5.10.
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Table 5.8 Optimization of the actual cyclone and other standard cyclones for measurement

No. 1.
Cyclone Type High Efficiency | High Efficiency | Shepherd and
Stairmand Swift Lapple

Amount Cyclone 1 1 1
Cyclone diameter ; m 1.000 1.0407 0.895
Pressure drop ; N/m’ - 5 766.5304 662.7837
50% cut size particle diamet 2 2.58><1045 2.78><10‘6
50% cut size particle dia/ | 520 3A20><1o*6 3_20><lo's
requirement ; m il ; N

Objective Equation val 3 L 1 7.1394><10‘4 8.0132X 10_‘1
Total fixed cost ; baht =% 21,327.71 14,876.85
Total operating cost : baht L e 36,884.86 31,93431
Total cost : baht Gl 9 58,212.58 46,811.17
Overall Efficiency : % ' .::n:‘% S 717 72.34 71.23

e e
Cyclone '{‘ﬂa ﬂﬁf" " > eral Purpose User type
' ----- Whitby

Amount Cyclone m <l 1 1
Cyclone diameter ; m - fa o 0.895 q ﬁj 0.908 0.96
Pressure drop ; ' 2.9235 500.0978
50% cut size pafltﬁljle diameter ; m 2.85X10 K .3.1(;7X10 3.05x10°
T ARTRMN I NFTINYTHE >
requirengﬂ ‘

Objective Equation value 7.9235%10 " 79120x10" | 10.2006x10"
Total fixed cost ; baht 14,992.78 13,956.76 17,126.54
Total operating cost ; baht 31,934.31 30,977 41 24,095.76
Total cost ; baht 46,927.09 4493417 41,222.30
Overall Efficiency ; % 70.75 69.40 69.48
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Table 5.9 Optimization of the actual cyclone and other standard cyclones for measurement

No. 2.

Cyclone Type High Efficiency

High Efficiency

Shepherd and

Stairmand Swift Lapple
Amount Cyclone il 1 1
Cyclone diameter ; m 1.0479 0.901
Pressure drop ; N/m’ 775.3685 6713370
50% cut size particle diameters; 257)(10—6 2.76x10_6
50% cut size particle diane 320x10° 320x10°
requirement ; m / \
Objective Equation valug //] ﬁ@?\\\a 7.0693%10° 7.9238%10"
Total fixed cost ; baht III | % 21,626.33 15,084.75
Total operating cost ; baht l l * 37,881.56 32,798.97
Total cost ; baht 59,507.89 47,883.73
Overall Efficiency ; % 72.38 71.28
Cyclone T 1 Purpose User type
‘ Whitby

Amount Cyclone ﬂ 1 1
Cyclone diameter ; m 0.901 0.915 0.96
Pressure drop ; -ﬁ ‘ "1 ﬂ ql 1783 520.8081

50% cut size parl;qe diameter ; 2 84X10 o I3 O6X10 3.01X10-6
Y DT RN ™Y
requirem g
Objective Equation value 7.8363% 10 8.2539% 10’ 9.8506X10'
Total fixed cost ; baht 15,202.29 14,152.26 17,126.54
Total operating cost ; baht 32,798.97 . 31,814.10 25,444.70
Total cost ; baht 48,001.27 45,966.36 42,571.24
Overall Efficiency ; % 70.80 69.46 69.71
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Table 5.10 Optimization of the actual cyclone and other standard cyclones for measurement

No. 3.
Cyclone Type High Efficiency | High Efficiency | Shepherd and
Stairmand Swift Lapple

Amount Cyclone 1 1 1
Cyclone diameter ; m 1.0355 0.8900
Pressure drop : N/m” -\ Q\ 3 770.4179 667.0469
50% cut size particle diamete - 2.57X106 2.76><106
50% cut size particle dialil 3.20%10° 320%10°
requirement ; m j
Objective Equation val //lﬁwm\ 7. :1083x1o'6 7.9786X10°
Total fixed cost ; baht III . \ L 21,11469 14,727.92
Total operating cost ; baht I l | 36,749.39 31,817 54
Total cost ; baht l ' 57,864.09 46,546.46
Overall Efficiency ; % 72.42 71.31

Cyclone 'Iiylge ep al Purpose User type

.- Whitby
Amount Cyclone m 1 1
Cyclone diameter ; m - fa o 0.890 - 0.904 0.96
Pressure drop ; ‘ ' 7.0281 493.2872
50% cut size partigle diameter ; m 2.84X10 n! ﬂ&j()‘ﬁxwﬁ 3.06X10°

TN I NFINGTRY
requnergm |
Objective Equation value 7.8894X10" 7.8785X10" 10.3334x10"
Total fixed cost ; baht 14,842.68 13,817.30 17,126.54
Total operating cost ; baht 31,818.54 _ 3086393 23,530.10
Total cost ; baht , 46,661.22 44,681.23 40,656.63
Overall Efficiency ; % 70.84 69.49 69.44
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From Table 5.8, comparisons of pressure drop, cyclone overall efficiency, objective
value and cyclone expense of user type cyclone with other five standard cyclones shows
that :

1. Pressure drop and operating cost of user type cyclone are the lowest because air
inlet velocity of user type cyclone equal to 13.03 m/s which is lower than minimum inlet
velocity 15 m/s so the lowest pressure drop and operating cost are predicted. Two

parameter which effect the pressure diop arg: (i) air inlet velocity and (i) inlet velocity head

as shown in Equation (3.1). \ ’

AP =
where
N H —
High Efficiency Swi ‘give“the "hi \ pressure drop and operating cost
hecause High Efficiency Swift oréhas thehighest inlet velocity head N -
Operating cost is a function-efpre Op, volume flow rate of inlet air, electricity

cost and operating periods. ¢ Vagiation in pressure drop value

would also affect the —I;." 2
2. Objective «@; 7 ¢ ',,J 7gives the highest objective
equation value 7/ AP ."a;se user type cy:}gne having the lowest pressure drop. High
Efficiency Swift 3y ivey t lﬂaww mﬂa? High Efficiency Swift
cyclone has theﬂpﬂﬁ:ﬂa It]p
G r iCl g:tﬂ igh.. ﬁ i Cﬁ has the highest
overall Pﬁ‘;ﬁﬁﬁg ﬁlﬁ iﬁﬁﬁr I] ﬂ:lj‘x ﬁancy Swift is the

largest.
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For other two measurements, as shown is Table 59 and 510, comparisons of
pressure drop, cyclone overall efficiency, objective value and cyclone expense of user type

cyclone with other five standard cyclones show that :

1. Pressure drop and operating cost of user type cyclone are still the lowest because
au 1nlet velocity of user type cyclone is lower than minimum inlet velocity 15 m/s while gas

inlet velocity of other five standard cyclone is equal to 15 m/s.

2. Objective equation valu 3€ ‘ cyclone gives the highest objective

ar to measurement No. 1 but in

ﬁ

equation value in measure
measurement No. 2 High nighest objective equatlon value
because rapidly increas i In measurement No. 2 at
higher flow rate of inlet g&s, pfessure drop increases il the square of the inlet velocity.

Cyclone overall efficiency £0 i ake, bu . as 1ap: ressure drop.

3. Cyclone overall effici - the High Efficieney Swift cyclone is still the largest

cyclone overall efficiency*whi

FIHEI’EI‘VIEWI?WEI']ﬂ‘i
ammﬂmumwmaa
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