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Design of nonmetallic refractory heating equipment in
bulk curing barn and its baking effects
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(1 College of Agriculture, South China Agricultural University, Guangzhou 510642, China;
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Abstract ; [ Objective] To overcome the defects of 418-type heat interchanger in bulk curing barn, such
as being susceptible to corrosion and having short service life, and to optimize the structure and perform-
ance of heating equipment in bulk curing barn. [ Method] A nonmetallic refractory material with high
conductivity was choosen to make the heat interchanger. The heat interchanger was structured with three
layers of circular horizontal dual pipelines and three heating interchange pipelines in the same vertical
plane were connected by an S-shape connector. The heat interchanger was equipped with a squared and
vaulted stove (with a cast iron cover) feeding disposable coal. Using bulk curing barn with metal heating
equipments as the control, the performances and baking effects of the nonmetallic refractory heating

equipment in bulk curing barn were studied. [ Result] The heating rate of bulk curing barn installed with
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the nonmetallic refractory heating equipment (5.36 °C

- h™") was significantly lower than the control

(21.73 °C - h™") without loading tobacco, while its cooling rate was slower than the control. The results

showed that bulk curing barn installed with nonmetallic refractory heating equipment showed great tempera-

ture stability and the trends at three key point temperatures(38,42,55 °C ) were the same. Its plane and

vertical temperature difference was less than the control during curing. Compared with the control, the

heat efficiencies of baking the middle and upper tobacco leaves increased by 12.42% and 6. 74% , the

coal consumption rates reduced by 22. 50% and 15. 13% , the average prices of the dried tobacco leaves

after curing increased by 0. 84 and 0. 20 yuan per kilogram respectively, the proportion of medium-high

grade tobacco leaves increased, and the effects of energy saving and quality improving was obvious in the

bulk curing barn with nonmetallic refractory heating equipment. [ Conclusion ] The heating equipment

made of nonmetallic refractory material with high conductivity has excellent baking performence and high

corrosion resistant, and can be applied for heating equipment update in bulk curing barn.

Key words :flue-cured tobacco; bulk curing barn; nonmetallic material; refractory material ; heat inter-

changer; stove feeding disposable coal; heat efficiency
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Tab.1 Experimental treatments using heating equipments made with different materials
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Tab.2 Comparison of heating performances and tempera-

2.1

ture stabilities of heating equipments made with dif-

ferent materials without loading

T g/ T/

by
(C-h") (C-h")

Ly /h Uams)

A 1.40£0.20a 21.73£3.14a 15.00+0.36a 2.00 £0.05a
B 5.60+0.15b 5.36+0.14b 23.50 £1.25b 1.28 £0.07b
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Tab.3 Comparison of temperature stabilities of heating e-

quipment made with different materials at key point

temperatures C
RERRIE S/ C A0HE 5 L nERNRE 3 hSRE A"
38 A 38.10£0.10 37.30+0.26 0.80x0.26a
B 38.07+0.15 37.33+0.31 0.73+0.2la
42 A 42.13+£0.15 40.87+0.21 1.27 £0.25a
B 42.17+0.21 41.40+0.26 0.77 +0.23a
55 A 55.23£0.15 50.73+0.12 4.50+0.10a

B 55.07+0.06 53.77+0.23
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Tab.4 Comparison of difference in curing plane temperatures of heating equipments made with different materials

L/ - EHi/C ; - T/ C ; - M/ ;

38 0.42 +0.05a 0.60 +0.01a 0.38 +0. 04a 0.36 +0.01a 0.31 +0.05a 0.33 +0.06a
42 0.43 +0.02a 0.07 £0.03b 3.27 £0.10a 0.82 £0.03b 2.33 £0.21a 0.20 £0.04b
47 0.77 £0. 14a 0.98 +0.02a 3.32+0.11a 1.13 £0.06b 3.63 £0. 14a 1.51 +£0.13b
55 1.54 +0.09a 0.82 +0.02a 2.40 +0.13a 0.58 £0.08b 1.93 +0.17a 1.40 +0.03a
60 0.58 £0.04a 0.73 +0.07a 1.84 +0.07a 0.78 £0.01b 2.42 +0.19a 2.02 +£0. 16a
68 1.02 +0.05a 0.87 +0.09a 1.61 +0.06a 0.73 £0.02b 2.10+0.11a 1.76 £0. 16a
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Tab.5 Comparison of difference in curing vertical temperatures of heating equipments made with different materials

FLE/C EH - i C T - T C EH - T/
A B A B A B

38 0.83 +0.04a 0.79 +0.05a 0.22 +0.05a 0.50 +0.01a 1.06 +0.01a 1.29 +0.08a
42 2.80 +0.13a 2.13 £0.04a 1.00 0. 06a 0.64 +0.22a 2.63 +£0.21a 2.78 +0.21a
47 2.03 £0.21a 1.39 £0.12b 1.91 £0.17a 1.30 £0.11b 3.77+£0.29a 2.69 £0.13b
55 1.16 £0.05a 0.88 +0.17a 2.10 +0.21a 0.72 £0.21b 3.26 +0.32a 1.60 +0.09b
60 2.03 £0.04a 0.71 £0.09b 1.88 +0.06a 1.75 £0.06a 3.91 £0.31a 2.34 £0.16b
68 1.17 +0. 06a 0.77 +0. 60a 2.40 +0.21a 1.63 £0.09b 3.57 +£0.24a 2.40 £0.06b
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Tab.6 Comparison of heat efficiencies and energy consumptions of heating equipments made with different materials during

curing
R EL ARV % : BYRTMME
I (- b BFks | BEERAET BRSO R T
gt A 41.84 +0. 86a 0.48 +0.03a 1.78 £0.07a  0.38 £0.02a 1.98 +£0.10a 2.36 +0.22a
B 54.24 +1.12b 0.41 +£0.05a 1.38 £0.06b  0.33 £0.03a 1.52 +£0.05b 1.85 +0.03b
et A 47.69 +0.59a 0.43 +0.01a 1.52 £0.10a 0.34 +0.01a 1.69 £0.09a 2.03 £0.08a
B 54.43 +1.40b 0.39 +0.04a 1.29 +0.10b  0.31 +0.02a 1.42 +0.07b 1.73 £0.09b
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Tab.7 Comparison of economic traits of tobacco leaves after curing of heating equipments made with different materials

HER b AR A % H A L 51/ % TR LA % Bith/ (O - kg ™)
R - A 42.48 +2.43a 37.08 £1.46a 20.44 +3.89a 16.44 £0.44a
B 50.82 =1.60b 38.88 £3.41a 10.30 £6.92a 17.28 +0.06b
Bt A 46.43 +3.20a 32.74 £3.03a 20.83 £0.17a 14.41 £0.42a
B 47.12 £0.21a 37.87 £1.41b 15.01 £3.47b 14.61 0. 66a

1) Bl — 358 vt ) 2 S35 6 LB A — AR F84 AT Z2F 7R BF(P>0.05,0 #5) ;2) ¥4 2014 4524 B8 Tl

ISP o e a2 o

3 WSS

ABEFEBCT IR B RE B AR 6 Jm ATRHMIERAIS £
i R — MR T HE B e (52 R B k), b i
2 700 mm, 5% 500 mm, & 650 mm, %514 0.88 m’,
Pk 2 BT 2P BDIR 4 2 980 mm, NAR 530 mm,
PPN BEISER 1.1 A5 ey th 2 St R
R SR T RS L R, f 45 6 24 PSRN HT T [
AT i TS A . A K 2 200 mm, 4% 270 mm,
JEJE 10 mm, P4 R ) 57 00081, 3 2, S B
SE 1) = , BRGRIETA 16,39 m*, BRI (E
1.2 %5 Hedian g nT PRI S 1, iz B A2 3 5 fi
H s B AT T ) 9 5, (8 T 37 45 R0 B g A
IR A FN TS 35, FLi B P vR kb 1 4 R e T 45
T S AR B (R R

R4 Jm 4t PR A T iR 5 I T R A,
P B R S LR T2 g T R AN AR TR Y
BEEO [t A A T M T R A o S
TEAHERE I 3 5B A5 (38 142,55 °C) AR Jm A4 RHit
P BRI R4 R PERE , AT LU 2 25 4R At
JET 2 42.55 CHrBmfa it i 2 1B B £
B I], RS Aie sl /0N A R T ek (4R (2K
WE R EY B R SNy T B A B R
J 2 I B R AR AR

K8 D3 NI RE 70 A S 5 25 5, J2 E % B M RE I
FEAERR S ARG AR 4 8 bR IR 5 45 S By
BT 22 | T LI 25 P4 R T 4 JE bR IR

o B0 R AR Y, T AR B Y- T L 2 N T I 22
LA — A ) VIR R B D N TR
PEGRIRERE , A7 M - A ) e A 5 SR Kk i i —
0, AR 4 7 A AR B R KT X LR
TR AR A ] E T 2 A AL PR
P2 BB AR AR A5 40 B 25 2 B S 4 SR A —
o Ml REA LR B PR A R ORI O R T 22 T
R, A5 K R ARy, AR B AR M) 5 P U B
P IR, A = AR 8 R O A A gl i A
PR 3t P T I HE D, DA T (6 45065 i P 0 A 2 i
ANE s HERE A 2T, D B 1k R e R A
A BRI, 20 e ] IRCAL % sk i 45 o P A
X JBE A ARG T o, DT 45 PR O 30 8 B AR
B il da ek

BARGRL S EER BBOE AR T v | R
RERERESE b ARG B 0 & s LI B s AT B
AR I PRI A A RS 22 e PR R R4,
L ER R B £5 G PROR 2 i 4R 12, 42%
6. 74% | JEFE4 3 A 22. 50% Fi1 15. 13% , 5T 5 T
HREE A 43 591 32 755 0. 84.0.20 G, H b 25 08 Lb 451 5
AR BT AR R i SO Rt A AR ) AR A X
HAT R RHE™ BT RS, 1] S e A o 4R 05 s Ak 4
B I SRR AR
S 3k
(1] FE% BB, RGNS, 5. WAL H it ye it g 5 e 2

[J]. FE AR, 2011, 42(11) ; 1406-1411.

(2] TREIE ARGV, WA, 55, AR K5 2 0% B 1 Mk A%
http://xuebao.scau.edu.cn



116

om R

0%

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

ONREGE [T, VO RE ARk 2= 4, 2012,25(5): 1895-
1899.

EFMEE )R, BEEFEARRE (R BITIR:
e 4 7522 20091418 [ S]. 2009.
KA, BRI VR AR, S REDE BB IR S
KEFTM[T]. P EEF A, 2009,15(3) ; 83-86.
BRERL B e, B AR JE N AR R £ 4y
Mriv B RAk BT LT]. HEHI, 2011,31(7):
12-14.

JEREAR, 2L, IS R, 5. R )R T AR X AR A
GG R R s [T ], JLPG Ak 2 4, 2010, 22
(12): 63-65.

B, Ak, 3 7, 5. B4R 2 A KM R A
B EIE PN ASCERIT]. Sl R, 2011
(5): 56-58.

WRIR5E , 5k 75 M, w5 ZE 0, 5. AN R0 BT e A s o A 0
FrResRIe i oE [ T]. WweRla4, 2009,36(12) ; 18-21.
Bk mEEE[M]. deat: BlaEl e, 2010.
WE. RUHIE RGETR RS R % B FsE [ D] Kb i
Bifell k2, 2012, 8-9.

BRIREE , TR, XIEERH , 55, 238 B i & 41 i
AR LT ], P EMERL S, 2012, 33(3):
77-80.

WOTERE S, H ARG BRI D AT A iR R S
BAMEMERE R BT S5 [ T]. Rl TR,
2012, 28(11) : 61-67.

rhAe N R E A PR ER. =0 B i JORS
T8 H ST A R . DZ/T0206—2002[ ST, b5t : Hb it
H AL, 2002.

http://xuebao.scau.edu.cn

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Bk, B DY AR, . SRR L B A T R )

LI, ES L, 2015, 24(7) : 8-10.

MR %, ZE Rk, 4R 53, . HEE A RS

71201520133385.9[ P]. 2015-08-12.

A, AR N s B IR B R AR A X AR A e 114 R

[D]. AR MER K, 2012, 11-12.

BEAZHE. g 5 R ML OB T AR AL SR [ D .

FIN TR AL K2, 2011 ; 30-31.

BRI, JE X, S K = B s T Rk

[M]. dbgt. Bl 2005 :149-150.

AT, B, T, 5. 4 B A RE A R ik 12

WIHRLT]. AR, 2008, 36(18) ; 7743-7744.

FREAN, ARIGTL, TR, G5 e KA TR S A DGl

SRR MR LT]. T ARRE 2, 2013,40

(19) . 14-16.

XIEAS. 00 = B b (G R 18 AR AL 5 [T ],

PHALRMEBHL K24 (B ARFRFERR) , 2001, 29(3)

45-47.

B AR IM]. Jeat: o E RO R,

2003 ; 67-68.

EPHR LS. R (RIS BB AR ) il B S 2 B

AL HsZ R [ D], B PH . 520 K2, 2009.:52-

53.

ME AR S, RN, 2. R TCHLAE & TR A RN B i

WF3E[I]. FEMIMESE, 2011, 21(2) : 110-113.

X)L AR R B S T T B M e R 1 S

ML D], KM AT AL K%, 2011 33-34.
([=EHE £ x|



