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Assessment of Coal Combustion Safety
of DTF using Response Surface Method
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The experimental design methodology was applied in the drop tube furnace (DTF) to predict the various combustion

properties according to the operating conditions and to assess the coal plant safety. Response surface method (RSM) was introduced as a
design of experiment, and the database for RSM was set with the numerical simulation of DTF. The dependent variables such as burnout
ratios (BOR) of coal and CO/CO; ratios were mathematically described as a function of three independent variables (coal particle size,
carrier gas flow rate, wall temperature) being modeled by the use of the central composite design (CCD), and evaluated using a
second-order polynomial multiple regression model. The prediction of BOR showed a high coefficient of determination (R2) value, thus
ensuring a satisfactory adjustment of the second-order polynomial multiple regression model with the simulation data. However, CO/CO,
ratio had a big difference between calculated values and predicted values using conventional RSM, which might be mainly due to the
dependent variable increses or decrease very steeply, and hence the second order polynomial cannot follow the rates. To relax the
increasing rate of dependent variable, CO/CO; ratio was taken as common logarithms and worked again with RSM. The application of
logarithms in the transformation of dependent variables showed that the accuracy was highly enhanced and predicted the simulation data

well.
Key Words

.M

AR &xm]e] F7tof whet

=2

—_

Heh Ag aeln Ad

7k Sah e 7leo] SARe] M B ohe}
Toli AjHow AsAA AR} Fe, bord

A L IEEE

olek. ST AREAL] B9 Qo] T}
o

il

ZAAFAL o) 5ol o]

ol-8& AAZA LR st
%

4o BT 4 girke Q)

: response surface methodology (RSM), drop tube furnace (DTF), multiple regression model

oz Aesl7]7} olete Aot A w
alAe sedol uleolE 1A Fad 9%
X3 Ao molwa 2 thal Aol
8, WA 71&7e 98l AlEA el

50 (S L 4
Wi mlo ELI

Ly

3 F2lo] Aet

SR 5 oUAS FEEUL AT AT
Aot 22 e ofux] AT o] QP Holeks
44 Stol 23 ARFESE AMgElo] ek e M

At Beo] gl A ul8-2 sty FA1A o= 2T} Qlwo] FAT A AgEvte] T A
o2 FAFFoZL 2 AHo] glo] W AR A AAR 0l Hekan|er 271 Aozt oA} Zom Aet
= ° ol FAE AL Q= AAolth T3t AIA 7o) A &Aooz ARy T HE zgx(m;q EIAY
Aoyz1e] 9 At 4= A7t B2 7eR WAool sha Qleh wepd 997 2o 2A T 7hx] BA
ARG HA| A v|go] of] FZE|R] oo} w2 A oA AL At gty A HARE daw
g YARS e R st T A olyA] Ay 9] erge = A A2FLS 2 7|= v
" Corresponding Author : Eui Ju Lee, Tel : +82-51-629-6471, E-mail : ejlee@pknu.ackr

Department of Safety Engineering, Pukyong National University, 45, Yongso-ro, Nam-gu, Busan 608-737, Korea

8



Holth. ghelo] F7hHe Rale U] HAEAS op) o
oA AT N BEE B 4 9
o uAE As B2 WAt 7&He
Aol 4 AAH HlFo] e dmulo) 34
o2 Q3] FHi 7Hde] AYstL AULH of
o] Abg WET} ol glom, Am Fiel
2 Qs tropet FFARRY ARt FEEn
Afgoltt. olelst dme] WAOR dupo] e
o] BHEol Het wHs SHA WHES W 5L
§H57] SIS LaHst Qo] BpHoR o
Tgle,

SHHASE 2| Qo] REG 9ol BhrAo] obd
o 2 e ub ek tEHCl AT Bl
o] ojAfaLeolch. AJek Qe Thek AT 9

P13t thopet FRe] AEhe ol gsl] e
azAT ool A Bele B EL uhS 3
5 choret wigo] ojet QA B} ol ol Aol
Btk olefet Qg Wb AE HoelolA A
Hom paHslL BlsuR Awdom 43
AS FollA et &4 dlolEE st ol
£o) gz A2} dy BAE SAB.

H oo A= DTF(Drop Tube Fumace)ol|x] A&t
TR A Aabs Aty 2 Aol ARgH
ALEA BAS Slok WA} AAm Ho Al
U=l Lol ARl EYRoA Y 7HEs
LS WA 5 9lo] AlRle} g Ak e
ABS dojdl 4= 9l7] oty gt o] o
Fo) eA=A) NS} QIS SIo
2 A W83 HH(response surface method, RSM)2-
Stk Qehgom AAWsT} ol A
BB AS 2] 45)Minimize)s L 4744
ol JEAge W] 918 o gase
o] W23 H™H(Response Surface Method, RSM)o]|t}.
19503 tfjof] Box®} WillsonT} oj&] ot

o2 o

B~
il

DTF

1
Eorle

o

ot -

S,y o & rht @ m K1 olo
N o ogcl? lo it ox
r3

o
oA 9] A Ae =35kl RSM& Folf 2=

2.1 DTF & 4=x|slA
B oo ARgE DTF Au]e] AAzel Az
Fig o] Yehfoick 912 2 o148 37 :
S HZIA A, OE]a 2k W Bk 5o ASEE
TEHT. FRREE= 1300 C7HA] F20] 7Fssfal, 4]
g SR = Fadol wet Screw feeder?} Syringe
feeder Aialo] ALgF 4 Uk o A WHg7}A7)
FS7I2 U o, 7 458 FATHEE flow
straightenerS AX|3}c}. DTF sHtoli= COU CO,52]
7haiA 9 gash) AR 23 58 3 4k
2 Aol A DTFE X845} fJsliAl= HA
A4 T2l CFSE ARt CFSe A4
7REEQl USC AAA3t AlgdolHEA W]
At ARSAEE A7 S8 7S Al olE F2lo
2 NES 28 AUEE wol7] Hsty] FEE 1
AESo] AAE 7S ARgstaL, AR ARt
A 71ME& 8l F5E+= gt DBY] ARE 7HEe R
&) Algsly] W&ol 71 71&diH] FAEE 7HA
Aot 2 TR ALF oA E g9
& 5 F 7H] d@A9 gk R A
&lo] §lal, Drop Tube Furnacel{ 9] JA}Fo] A|FAIZE,

ok
il
2
ol

o

carrier air

L& 1) primary air

Om

09m

-y

measuremports 25m

% gas analysis (0. co,. co, N0, HCN, NH, S0))

filter ' I char sampling

Fig. 1. Schematic of DTF,
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Table 1, Actual values of the variables for the coded values,

Variables -1 0 +1
Psize, x1 80 100 120
Cgas, x2 0.05 0.06 0.07
Wtemp, x3 1100 1200 1300
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Table 2. Calculated dependent variables for DTF,
psize | Cgas | Ve | Bumout | Tew | coco,
1 | 6636 0.06 1200 0.7575 1186.8 2.05E-01
2 120 0.07 1300 0.7632 1259.5 6.43E-01
3 100 0.06 1368.2 0.7718 13239 1.63E+00
4 80 0.05 1100 0.7538 1105.9 5.47E-02
5 100 0.0432 1200 0.763 11924 2.31E-01
6 80 0.07 1300 0.7632 1262.7 6.64E-01
71 100 | 0.0768 | 1200 0.7553 11742 | 1.89E-01
8 80 0.05 1300 0.7684 1274.1 | 7.8I1E-01
9 120 0.05 1300 0.7662 1271.1 7.57E-01
10 100 0.06 1200 0.7593 1184 2.00E-01
11 120 0.07 1100 0.7453 1094.7 5.21E-02
12 100 0.06 1031.8 0.7407 1045 2.27E-02
13 | 133.64 0.06 1200 0.7558 1183.1 1.97E-01
14 80 0.07 1100 0.7416 1095.8 5.34E-02
15] 120 0.05 1100 0.751 11048 | 5.40E-02
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Fig. 2. Contour plot of BOR,

Table 3. Case study for comparison between the real and
predicted values,

Sample Psize Cgas Wtemp Cai}cg)l;ted Prg:i)cl{ed
casel 85 0.05 1200 0.7628 0.7625
case2 95 0.06 1150 0.7554 0.7546
case3 105 0.07 1250 0.7611 0.7612
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Fig. 3. The actual and predicted plot for BOR,
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Sample Céll(c);l(l%ed P:;;iicteq with Pne.dicted only | Predicted with
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casel 0.217 0.220 0.185 0.208
case2 0.118 0.065 0.044 0.104
case3 0.390 0.409 0.434 0.351
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