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Measurement of Air Flow and Concentration of Pulverized Coal with Two
Ellipse-Shaped Thermal Probes

LIU Lei, WANG Yan, ZHOU Fangde, QIAN Hua

(School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Two ellipse-shaped thermal probes are developed to measure the pulverized coal con-
centration and the air flow rate in a horizontal pneumatic pipe. The longer chord is 10 millimeter
and the shorter chord is 5 millimeter for the thermal probes., The probe 1 is mounted in the pipe
with its longer chord parallel to flow direction and the probe 2 is mounted with the shorter chord
parallel to flow direction. It is found that the probe 1 has obscure response to the concentration of
pulverized coal, while the probe 2 gets remarkable. The momentum response and the thermal re-
sponse in gas-solid two-phase flow are analyzed for the probes. The revised Reynolds number and
the revised Nusselt number are put forward. The dimensionless correlations are obtained for de-
scription of the heat transfer performances of the probes. The results show that the flow rate of
air and the concentration of pulverized coal can be measured with these two coupled thermal
probes. The relative biases are within 20% and 10% for coal concentration and air flow, respec-
tively.

Keywords: two-phase flow; thermal probe; pulverized coal; air flow; measurement

RN 55 WU O 7R 2R M PR vl ) P ke
R A ) Y T HOR (R T R dr Ape a PE
WA PR 25 U 26 R A TR L i R
23T i A T RO R 5 XU Y R/ LA
[ 126 A PP OB T JBE 5 XU A 2 50 M 2 C 45 ) G
ZR B AR BE Y R PR b i e i T P
I HLXHR i AETRM 3 RIS e HE oA 28

Weks B, 2007-06-11.
(50376068).

(TR

X & (1967 —), B, 18, B # #7.

SC. ORI R 14 VR LR X B ik R S AR
B 5 —UORURTR & ik o S Z AR AT 2 2
AR B I3 2 L AR SCRIFEAN [R) A 8 =X i 15 7Y
TRy ok 32 5 2 =L T )W oL R PR A
PRSI AR o 5 XU B m] A7 1 O R e
DR Fy 0 4 LT O 1k

BT H . EHEARP SR IA



24

1l %42

A

1 RSR[5 28 R AR K A 500 s

IR I 757 1 AR i B3 A LS (g )
T SRR IS A FH AL 2015 48 ) A S 0
SNSRI FR PR I 2 LA 3 — A R i —
-

Nu = f(Re,Pr,g,Gr,Ec,m

K. Nu.Re, Pr.Gr fil Ec 435 R %% 38 /R 80, 5 ik
B R B P I T BRI B R (Eckert) 4 0
N s FPHURERE ; D WA 2. X i il X i 4 44
KD Gr 5 Ec v] 2. 8% , 201 e/D X%
B FZ ] 20w, X F A IR SOR R B Rk,
K D] faifkHy

(D

Nu = f(Re.Pr.0) (2)
PRI RGN A& 1 R, 3Rk 1
S 2 AR R SF B0 3 A A, K 5%k 10
mm, 5% R 5 mm. BN IERSL Y E 2 - HE FEAT T
A 15 W BImEATTA: » B Y $Av i ke A i ke IR
fLIRAS N B AR 5 mm R T I0 R W #4
PR3k 5 P A% TR 2 s o %, O v R 5 PR
Sk RE T AR 2.

K1

XSURH 8] 2R FATR S 2 U 2R S A 2454

Gl 2 s s AR -2 SPAR I P PRk T
ISR AT TR AR 2 BB RRFAT TR I, 3X
2 Al EIE A O Wiy 0 20510 0°F1 90° By 1
Ol IR, 2 R B X BAT 2 DA 4

2 KA

TER IR TR DU -2 S WA A 1L T 2%
B2 G — R XUS R IR A 3 FE AR R 75
mm [k T B PR GE T 8RS 1 Ak 2 [f%
PR PE. 05 B L 3, A ph BT 2 28 M L

Wkl g2
—_— —
| — —
—— —
—_— —_—

(KL AT TR (b)Y F 5247 TR
Pl 2 R T AR PR Sk 7= I A R O ) A X

25 WK /IN AR AT AL s A S0 S R LR
B0 S 0l URIRA SRS R B E
PR -2 S AR L BRI R 30 LR RS
FRPARLAR FR TS YR A o S HPRIAR S 65 porn. AR 1) 285
1220 kg/m®, FEARECH 0.26 W/ (m « C), [t
PN 960 J/ (kg « ).

& 3
3 giR5vhe

IR LR E R R
IR FH R S I A 3 32 R XA BTy P A
Uil 1 2 AR P s FRAR Sk TR RS 2 ] B AR T
RO L AN 2 ] B BB R I A o it [
4 51 5 B EUE AT RT A RSL 1TCRETR N
To ) MR L 2 CREIR N T ) 5 BEKy - 25 MR I
GRS To) B 22 A RO e B e SCH

g

L6 7 1

3.1

(3

A ong B 4350 A 5 25 SR R

M 4 5 5 BTLLE H S IR A A 3t
SRR 153 75 A I X I 0 PR i S B s R
(o, = 0) LA 15 70 S0 A Al ekt 28 L He P gk 1
{4 D 25 R B 2 /0N o TR Sk 2 ) Im BS RR P K L X R
B, X6 Iy M ] 1 2 S 5 R R B Pk 1 X
AR B I 3R i, T AR Sk 2 KRR Wk BE S I EE
A AHURK, P I AL PVRRMEAE A HL A B 1) 25 5
3.2 BiFFRAHESENHNEE

A E AR5 ARSI R R Z A T B TR
WO 5 S A I -5 1R 788 AR 0 e R R[] 2E , £F
FES R G v W B R T ORI 1 28 A
M 17 A4 o R A

Sk = ./t 4)



513

X o 5 SRR TR JEE 5 KU A S ) T Y B 5 25

K5 BUE AR T Rk 2 91 SRt

Koo, UKL BN St PR ] 5 o0 S I 35 1 R AR
] 2
o = Lr/ v, (%)

Horpr L GRS 07 17 W R R B

IR Sk<C1, WISURL ) 21 5 it B[] 38 /N F 3
Gy AR AR ] by P4 3 3 Q2R SE=1, WUk v
RS £91 0 1 N D =7 et S | ey e =
sth P4 s 18] 7Tl BARORE AR S iz 3l A S i D

do. 184, CoRe.(
dz {ogd::)\ 24 g
50, 5 pe 53R TR BN R 5 Co P 5

Bs e R sE X

— v) (6)

_ pdi 24
7 184, CoRe. "
Ao Re, AR A EIEE & XN
Re, = m (8)

/lﬂ
()R o ARy TR 1) i 38 Bt T Pk 1] -5 37 32 5 A IS
[ FRAET X DA /0N 582 Wiy 79 K 3 58 AV 52 28 ) 0 46
A RO BABURL AL A% A e R 7 R
it 2 Cod
s Co o [ A URL Y HE FA 2R 5 N Ay TR 50K 14
BIEIRE A REB S IRARHEG T, R 5
T R AR RURL YR & L

(T, —T.) 9

2 ediC,
o= 4o (10)

2 s o A POREL Y A 5t TR TR] S T 19 A ) 3% 3]

PP ) AR I 18], 200 R AR st TR A ] DR T 0 3 A
FF ] o DUPASOAS, 5 AR ]SRN Bk B AT 5 25 FA st 7R
R[] /N T3 32 e A I T U0 5 /< A i) AT 3% 31 44
ST Xof T T R R I AL A S5 ) R R ST R A
Nu~~2, XA AHERE L W 7 A2 A BUR ) 1
4 BRI
R AR T ARG s T LA R Sl il ey
PR B 7 35 FE R B0 51 ARG 4 1]
FI G fE S 8] L 25 18 ARt T8 % FA R Sk 8 B ) 52
M o D)< [ TR A AR 90468 T T 1 5O 55 2 R B3 3l
00 D1+ 1w, (1 — e ™))
e
hD
g + 2w, (pg/p) (1 —e ™'71))

Rep, = (GUY)

NMD - (12)

Kb D RS 09 M 18 BLAR s A R RO 1Y =
PRBL SRR EL b BT R R LA
h=q/(ACT,—T»)) (13)
g IMERI s A Sk A e 24 T L
SFF#EEL 1,D=5 mm, Ly =10 mm. %} F#4
¥Rk 2,D=10 mm, Ly =5 mm. g1 (2) 1, #dRk 1
SR 2 09 AR i =GO AT, $EESk 1R
PRk 2 HTFE e O] XA D At a2) %,
XF T[] A B 2 TR Sk o B Wk J3E X 7 1 RN
BLHEIRB AN ] DA b 2R B Bk 1 X
Wy B R R, B Sk 2 P BER ke 3 R FL R A
3.3 AMXRENEER
WKL 6 i , N HAE IE 18 B T EIOR 8% 28R 880 X
TR BRI SL 1 53K 2 FEBOR -2 P AH I
SRLNEL SR SIS F YRt PSS
Nup = 0. 136Re};™ (14
Nup = 0. 734Re};™ (15
FEEVHNR 25 AT 3 0 540 20 (1) Fn =t
S EFESIHE SR EE 2 AR, B R
fife 2 (LD FNC (15D, AT A H 25 00 25 00 VA B8 1)
A K7 5E 8 it M 5L rERN LR 0. 5
Or Zr IR 23 AU -5 dy e B 1 U 2 45 SR B A
X 22, [l 7 FR W 23 AUk I 45 SR A A R i 22 78
1056 LA, Pl 8 M, AT e FEE 00 o 23 S %) A o Ml
ZE0E 20 %0 LAY, I A5 L R R s i T L R
A UL (5] 750 SRS R 0 7 v o FH vk i 5
IR A W2 RT A 7 A9



2 W% ol Ok ¥ ¥ M w142 %

23 SR RE T AR - s S AR TR o B KR
AT TR L AT TR AT B AL BRI A
). K BZ AT ORI A Ak 1 X ik 82 s I 3R
Bl T SL AT TR W B IR S 2 KRR VR s
Pl A AURK. S R AR A ) B0 4 it T 800 5 Bt 7 A
IS HAGRSk A A5 BRR M. T8 18 T TV RO 5% 2E
IRB RSk 1 R Sk 2 41 T R[] Al 4t e
) 56 2 2 B AR Sk 1 R Sk 2 (1 e B T 56 2R
SRR A T FH 000 R R e 3 R R 0 25 2R 1
FAH R 22 43 IAE 20 Y01 10 %6 LA

B Tk -

(1] BEZHE AR Ate, . KBEAE LRI & 0 5 4 R b AR
fRZ&%E [J]. )1 TR, 2004, 25 (4): 559-562.

20 LIAO Hongkai, ZHOU Hao, YANG Hua., et al. Op-

y o1
vg/m s

timization system of boilers with online measurement

B 7 23S A R AR X R 25 0 AR of coal and air [ J]. Power Engineering, 2004, 25 (4)
559-562.

[2] TORTORA P R,CECCIO S L, TRUJILLO S M, et
al. Capacitance measurements of solid concentration in
gas-solid flows [ J]. Powder Technology, 2004, 148
(2/3): 92-101.

[3] WHITE F M. Heat Transfer [ M]. Massachusetts,
USA: Addison-Weslay Publishing Company, 1984.

[4] CROWE C T, SOMMERFELD M, TSUJI Y. Multi-
phase flows with droplets and particles [M]. Boca Ra-
ton, USA;CRC Press, 1998.

4 % 8
5 RS54 TR 2 /I 5 5 A S e A S (it I

FASREIR 5 3 1 AR~ Be NIADLBE TS Fir e e — 7R &K

2007 10 A 9 B —12 B,“PEABRINTLH LEFRKFL7.“BIRARIFE KRBT 27F B IR Q%K
MEREREGRWA(AMHR e — D ELERT. XA PEARIFLE 3 FFEN 1 ROGTEHLELHE
FREN. FEXRANE EZREREHH IRFRAFIEAZAHIE LA SR ALKRE T E ARMNE
AR TR B TR L RSB F KRR R S A K S AUk S HEAk A R PR AT T L R Rk,

FINERRRREH ) I EPRAFIERZATEAMA LI LSLA B T(ARREDIKA R RAB LRS
RS BCARAC K IR BT ) (48 F-HIF A R KL FH L HI) FRF LR F L —F %,

BAAER 5 3) /) TAZF IR RIRAAUBE 5T 35 48 WA HOR AL G B JE ORI e 55 HE 20 20 22 30 BF 5 ATIR 09 A&
ok R AF 2005 X o — RV R BT AL, AMRAIUF R PT84 S A5 AT R A0S R E AL F B0 F 22
HRAERL—FLfo 5%,

CRB . ZX#HEM http: //xjtunews. xjtu. edu. cn)



