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Fig.2 Contact heat transfer between

kiln wall and granule

M (11) M o0—R, B4, BENBHIFHAE
H
g =2=A,R,(T, - T,)[(S/R, +
DIn(R,/8 +1) - 1] (12)
HomTFort, R (12) PERSEEETS
BEHIABEETERK, IRAEEN. EhHtE
FARBA SREmAEM, V5% E Smoluchowski
BRL, XHER (12) ATER:
q = 2m,R,(T, - T,) -
[(8gp7 s 1)1n(6’i*'7 s1)-1] 3
AF y AL FFH B HBBIEME,
H LT R YR S & B A R BN -

-9 _

h"‘an,(T,-T.,)‘

241 (o+ ) ( R, )
Rp[( R +1)in{ 572+ 1) 1] (19

1.3 HERBSWHENRRARY

HEFESYHENNRARAQEDHIER
EFRMABLHEMERTRY. HEEES5Y
KX A AR BATRAN

1
c _—_—_—,—_—
haor = 1/h, + 1/h, (15)

¥R (10). R (14) RAR (15), FH7ES M
BFE] 7, X k., BR4Y, ATBBIYRL S 135 B H] I
XRAERRE

hS.o = 2h,[7, - In(1 + 2)1/(7))* (16)

RHF o, = b, Wfnr/ (oo, Ab), T HUB S EEE
B AuET A], ot R BN BOR 2 i [ % 2 B B[R],
HTEEERAYEHEN TEERIEAS, B
=2¢lw, o NYIRETAN—F% (RE1), o A
BRI R,
14 SETESVRZEANEREARY
S5YRRERMKEML, YH5%EBHEE
B, TLLAANYRSHEEREREEFTH, T
EHSHERSYRZENSERE, SBEETHRA
EY, FEYRSERER KA, NET BB
REMRS, TTHREDHRERGITEARN .
e, = 0.5(1 +¢,) (17)
VR SHETRRANBHERAREERR

c oe, e, (Ti + T2)(T, + T,)
hoon = (e, + &, - €,¢,) (18)

F HF o} Stefan-Boltzmann H ¥, «, ﬁﬁ%"&l&$o

2 BAER, WHABMAGBRARK

BRTHRSHERNTREMR TR WS, Bk
HEMYBEERENEANREARBBFTRREY
W MEEWHARERRE Al RBALEH
FEERNMNRERRK A RAMTIHEL
i[ﬂ .

hS 4, = 0.461, Re)™ Re’'™ 7'/ D,
he ., = 1.541, ReS™ Re;"™/D, (19)

Re, = p,v,D /pu,,Re, = P,wD:/ll,
AHF D,=D [n-¢p+sin (2¢)] / (n- ¢ +sing)o
Re, N R B, Re, NEEHEBFHEHK, o,
Ve es A, RBINBSMERE . HE, RERS
RERE
A (20) WIEMATEEH; 1600 < Re, <7 800,
20 < Re, <800,

(5] 2% 25 s ) 3 — X458 A 0 8 3 32 3 i o e (X3
WEmR/N, BHit, B, F8. WHARERE
BEEX EEERBREESERNERTUZE, 7]
WREEERBEEN -ITHARGLE, EARSN
e PV TR AL S 35 P P TR MO S 5 K Ak 3R T R
B HA, RIERENEROMERNE, THHF
BE. N RESHBIERRESFIND

hyow = €,V W(E, - J,)I(T, - T,)
hyw = €Wy (E, - J,)I(T, - T,) (20)
how = (1 - e)¥,(Jo - JIT, - T,)



42 HETERE

8%

AP JRHEREH, EARFEE. V., V.,

W, S50k MOT 2 RE T YR R SR S A R R R

MEWARE. MAEREMBESWARE, BF

V,=A4lA,, C,=1, ¥ =1, A,, A, HEN

EKIHATERYBRER, TH ew XA B

EEE, b RAAMFAYEIRE,

MOFFERE, MRRE RESHBERRECHN:

ho = h*

g g-ew

R [
hg—eb = hg-eb + hg—eb

3 BB EMAK

% BE Sh 3R TH [9) A B 20 B A0 BORAEL 48 R S U A
Xt B, B

+ kg .,
(21)

haoa = huu + by (22)
AP b, ha AHAEREIRESFEFERE
HEE S B RE A B REY . hL, = o
(T +T5) (Tp+To), T, Ty, AEESREAR
FEFRBRE, A, NBANE K5I B
[i7p38 '
hS.. = 0.112,[0.5Re? + Gr) Pr1**/D,, (23)
AP A, ARKFREYK, 6r ABABERE, Pr
N, D AEEEIME,

4 EHEROREARBFHRA

mTEERY, BEARKETANE/ 8,
R RS BETMCYBRENSKKE; &
R AT 2N ; FBRETEE. O w4 RR,
ERLIAEBHAR, WRERST, HEEAHES.
YRR AR AL R TTEN -

. dT
DSy ot = hewAn(T, = T,) +
k=1

hs'"'A"(T! = Ty) # EAHJ'ERM’
j=1
dT,

1
Zmibcp,-b Az = h;—ebAeb( T, - T.;) + hfb-ewAew( T, -

Tw) + hcb-chcw(Tb - Tw) + EAHubRub (24)
u=1

hah-lAw(T-h = T.) = hl-e"Aﬂ'(Tg - Tw) +
h:‘b-ch",( T, - T.) + hch—chcw( T, - Tw)’
XF e, NHHRE, AH, R AN KRN EEK,

A, HBRAER P EERSIREER.

5 HEFLERALSH

REFMBES AR 2 EREEER N 4m, K
100 m, ¥ 1.83 r/min, ZEMNFTEMTEHIESH
H: BE=R 54 vh; AREAERBRNE 53.6
m'/h, KIBEE 36%, AERE 53 C; —KKAR
4 475.4 m’/h, XA 27 C; ZKRARKE42 467.6
m’/h, KR 569 C; % LBIERG6 641.8 kg/h;
BE 25 Co $HXREHBYH 5 5 BE 8] 8K fd Xt
Bl 2 A% o R SR AL OB P AP 1B 0, L P B e
W - BB 2 SENARSBETHE, THEH
mT A,

B3 RXRAERIRARENHEBITELRME
WRE, NERRTUEL, &BYK S5 R K
b XoF [2] %% 25 A% PO R B SRAL NI BT, TR 5K
3R BE BRI ; A E RRABN A, TTRIRER
LA BARME, B BB, EEELMR
BT B EMRZHRER, MAEKER EBTH
BIFEARPEERY, EREARENRTHRE, &
FRRBEEENFENRE, BRATEANRER
ERENXBEEG6.1~10.1mZHE (WE4), HiX
X EB#A B 270 mm B k7%, Kb EE 300 mm B
B, AMZXBEEEIRORERMAG; &
25~50 m ZEIMX By, ZRENREEBEMNMK, E
HFZRXBEERE MW, RS RE N IRER
ME®. BI7TH, NREFXXEREENIRTR
FE#EHIFE 300 CTLAR; it 350 °C R 57 BP R B i
FEIR o

300
280}
260

240
220F

200f /"
180lfg
160
140}
120
100- A =0 A " A A
0 10 20 30 40 50 60
A % 3k BE B/m
B3 EB/FREERERLITRHEREXAME

Fig.3 Comparison of computational results and

HRE/C

70 8 9 100

experiment results of outer kiln wall temperature

TER T 75 B YL 5 % BE 8] BB ok X 5] % 25 12 2%



LRE

BRI YRS B B (A R i Xk [2] 5% 25 45 i 72 19 58 AL B0 43

1350 F

1200} /i
oso | A BB
900

750 F

.
.
-
\‘_
A
/ e

.
~

REBEBN

BE/C

600 |
4501
300

'\
st Ty

0 P S S R W T B
0 10 20 30 40 50 60 70 80 90 100
B 2 3L BE P§/m

B4 ZEERBABEFAUBNERAERES D
Fig.4 Comparison of axial temperature distribution of

material whether enhancement effect is considered or not

R AR B FES T, YR B R B 4
i EAMER (WE4): 7£81~100m XE, H
ERBANYR EZE LR R THRRER, 8
BRWHMHRBEFERT KRR, ZXBEYHRE
WIRE /N, 57 ~81 m KB, EEH#HTEKEY
BZE MRS, ZBRYBRREZH AR, BFR
HEREABTEELR. 7£19~57 m KB, Pk A#M
MR AR FERA TR ®, ZERYEHRE
EAUBRE, £6~19m KB, WHRKEES
B, ELXE L0k B R R R, B
B, UHBERTERBE., EEFEBLT, ZB&
EWNELE—E300mEANER. HEEKBRE,
HAREE B K 7% R IR K @1 400 C, M
EEINRERERBAR, AMUEMERRAEL, &
SEMERMEENR, FEREENEREW
FO~6mXE, BERBERTHSEE, #EH
BEMERES, FHESEEAG, BOoBHRERK,
Rk, Yk S ERER B B i R ERIL T HHEEN
MR

MWE 4 Fikal B, YRHRESRE, BB
MYRHBRERR R, XRHTUNSHEEEE
] ) X A% A2 R E AR/, MRS A RS R
BEW 4 R RIE . 2% 8 5R b 2800 B 40 6 9 5 5 1R
BER1302°C, K% I8 IR 1L RBON B 0 6 B 5 IR BE
1216 C, PiHEHE 86 C, HKEEIRIMLBNE
VR X ERRBRENFNXBERAEMET 2 m, &

Hm BB R GT R . TE ] B B B3 TR AE K
R, HAEBBUKN, BERYHIR, Be
TERRE TR B G o R %%, B B B A R B AR
ME.

6 ##

S T B A ER B2 S B RS T
RAURFELHEMERRE, BHTYORSHE
EEEENBRMARY, BT EEEERIENIE
BR, BIEMR, BHMTER:

1) & BY)KL 5 % BE 18] BKCHE fi X (6] 4% &7 1% # g
RE RN, FEARENERTTERESE
R BE SN, B 5 IR b 5 AL RN 3 ST G [
HEERBFEREEE LR,

2) K% IBYIRL 5 A BE (8] RCH fol X 8] 5% 57 1% 34
AR ERABIE, YRR WK, EHFAERY
FHEE B AL, IREME, SR YRR
i 4:0p- ) 2 N

3) TEHIE B & a0 T RAE R B, N5 8
Yk} 7 B (] BB ik Xof (] #% & 4% B0 7R A0 9R L 3
B, LASR R B 7% 2 BR oR B R B AR

%% X ik

(1] g4, FKE ARE.%. BHEEN MSW Bk
WY BMBCERRANG R TR EER,
2002, 23(3):380 ~ 383

[2] Gorog J P, Adams T N, Brimacombe J K. Regenerative
heat transfer in rotary kilns [J] . Metallurgical Transactions
B, 1982, 13B(6): 153 ~ 163

[3] Boateng A A, Barr P V. Thermal model for the rotary kiln
including heat transfer within the bed [J]. International
Journal of Heat and Mass Transfer, 1996, 39(10): 2131
~ 2147

[4] Schlunder E U. Particle heat transfer [A]. Proceedings of
the 7th of the International Heat Transfer Conference [C].
Munchen: Hemisphere Publishing Corporation, 1982. 195
~211

[5] Basu P, Nag P K. Heat tran;fer to walls of a circulating
fluidized bed furnace [J]. Chemical Engineering Science,
1996, 51(1): 1~26

[6] Tscheng S H, Watkinson A P. Convective heat transfer in
a rotary kiln [J]. Can J Chem Eng, 1979, 57(6); 433 ~
443



44 P EIERE - RE

Enhancement Effect Towards Heat Transfer of Rotary Kiln
by Intermittent Contact Between Material and Kiln Wall

Lei Xianming' , Xiao Yougang®
(1. Department of Machine and Energy Engineering , Shaoyang University , Shaoyang, Hunan 422004,
China ;2. Key Lab of Railway and Traffic Safety , Central South University , Changsha 410075, China)

[Abstract] In rotary kiln cluster moves against kiln wall. According to this feature, transient thermal
conductivity of cluster and contact heat transfer coefficient of boundary between cluster and kiln wall are
deduced, then heat transfer coefficient between material and covered wall is obtained. Combined with other
research harvests, the heat transfer model of rotary kiln is established. The results can be shown as follows: the
temperature of material is lower when the enhancement effect towards heat transfer of rotary kiln by intermittent
contact between material and kiln wall has been ignored; the higher the temperature, the greater the influence of
enhancement effect on material temperature; it is beneficial to improving the quality of clinker and thermal
efficiency of rotary kiln when the enhancement effect has been considered .

[ Key words] material; covered wall; heat transfer; enhancement effect

(cont. from p.32)

The Analysis on Output-input Ratio of Artificial Supplementary
Energy in Agro-eco-engineering

‘ Bian Yousheng',Liu Yingkun® ,Bian Jing’®
(1. Beijing Municipal Research Institute of Environmental Protection , Beijing 100037, China ;
2. Henan Xinxian Municipal Environmental Protection Bureau , Xinxian , Henan 465550, China ;

3. Beijing statistical Bureau, Beijing 100054, China)

[Abstract] The output-input ratio of the artificial Supplementary energy reflects the function and productivity
of an agro-eco-engineering as a whole. It is one of the important indicators measuring the effects of an agro-eco-
engineer. The output-input ratio for artificial supplementary energy of Henan Xinxian’s 10 peasant families has
been calculated successively for three years.

[Key words] agro-eco-engineering; output-input ratio of energy
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