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Jo = eppE— eDp p, (3)
Jon= e mE+ eDn n, (4)

H E NBORFITER R, . o 55PN FRIERE Z, Dp, Da 5350 75 70 H
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FR, B A7 T AR [ O 22 o X
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eDy(TH%k)  wphgr— eDa(Ti5k) i ji.
ki(inj) < k< ka(isj), ja(i k)< j< jai k),
Eifji= E(Xp. "),  Xg hs
AL
En = (Ein, Ezh,ESh)T,

m m m m m m T
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(1= t(1+ (ha/2) WL ES 1 DLN(TI ") )ut «(Du(TEYY) )=t ) nitil® =
whar {(e o Jnla(plp— nha)+ (G3F = ROp s )},
ki(ij)< k< kafirj),
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ni i, i(j, k)< i< ioj, k), (23a)
Wit = n (X ), Xig s (23b)
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i k=1
N-1 N N1 N
3 3
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B RE(8) (¢ = ™) Ak (24) AR AT 1S Tk 2 ke
@ Vit = Visse— { DR o™ s DK™ o™ ) s
DK™ 0™ b (817 (e { DK™ V(DK™ T0y™ 1))
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viil=0 Xk 15 8 ( 25b)
BEAE 1 E( X ) 1 M0+ W2
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XFE(25) LA Vi s o, VEAFRIE R 20 885R A1 AT Gronwall 513 775
+ V4o o1 M<$t+ h§1 (26)
HRH S H R T A7), B TRRAL(T) (¢ = ™) FR(16) FHIRTT 15T ik 1% 2 55
2H:
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s D (D) + () + D 8} s
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= (elp/:)ph. ik (phgr— nh k) + ( Gh gk — R(ph. ks Wh, ji) ),
1[ L7]7k[ N - 17 (313)
p'}'ffy“lk = p(Xik, " 1) Xijk 1 5 8hi ( 31b)

HTFR(S) (¢ = ™) FI(31), T 15 F RS 70K BER 2207 72
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(1+ (h/2) L E3 1 DY (TR Y) Juny (D (THY ) De™ ) o+
(14 (h/2) 1 ES 1 DT Jitn (D, (T ) De™ l)jk}z

+ 1 1+ 1 mt 1
s mts -
B

(14 (h/2) L, 1 ES | DY (T ) )itn (D, (T ) D((1+
(h/2) L VES L D (T ) o (Dp( T ) DE™ ) ) )i+ ,}+

($0%(1+ (h/2) 0 E% 1 D, (T ) )Jqen (Dy( THY) D((1+
(h/2) 1 ESi 1 DN TE)) ' n (D( TR ) D (1+
(h/2) VES L DT )" o (Dy( TR ) D™ ) ) i +

{[(1+ (h/2) L1 ES™ U Dy (T ) )it (Do(T
(L+ (h/2) 0 | B DG (TR ) 3o Dy (T 0p™ g + .}

{rnzit' = mopii 1+ )

m+ 1
h

) Dp™ ) -

si{[(1+ (h/2) 1, 1 ES 0D (T ) ke (DT D (14
(h/2) 1 1 BELD (T ) o (D (T ) ™)) ) i
(14 (h/2) L, 1 ES | DT ) ) 3tn (D, (T ') D((1+
(h/2) L VS D, (T ) oy (DT ™))yl + . )

($z)2{(1+ (h/2) L, 1 EX* "1 Dy (T™ ) )l (D (T™ ') D(( 1+

(h/2) L, | E5*'1 D (T™ ) )" o ((1+

(h/2) I U ER D T T (DT DR - J s

Es(Xg, 0", 1[ ij. k[ N= 1,
Fiir'= 0, Xijk 15 8,
Bkt 1 (X, ) 1 (s ee W
A N TN 223 18] 351 3 2550005 2 PR 1k 2% A
$1= O(h)I
Xt (32) bk Fi s o, 1 ABLIES HER AR 13
Jpml_ J el o $t{3Dp(TZL+ l)l}ﬁ""”,
D/ (1+ (h/2) 1 ES L DT ") ) e ™ 4+

3D, (T ") Dr

m+ 1

L D[(1+ (h/2) 1 ES | DT
3D,(Ti ) Dr™ ', Df(1+ (h/2) | E5 | D;I(T;TI))‘IF"**‘]%

m+ 1
h

))—lFm,+1]4+

(32a)
(32b)
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- $53Q”1;p"”1+ Dv,;"thl‘F ll;"hr’"”, ™l -
($0)5(1+ (h/2) L1 ES 1 D (TH ")) (Do TR ) D((1+
(h/2) L VES T Dy (T ) o (DT ) De™ Y )) )+, F™
($0)5(1+ (h/2) 1V ESl DT )" n(Dp (TR ) D((1+
(h/2) LV ES L Dy (T ")) "o (Du(TI ) D (14
(h/2) L | EW L DT ) "o (Dp(TH )y De™ 1)) ))), F™ e+
$3[(1+ (h/2) L 1V EX LD (Tt )) oDy (™ ) pp™ ) -
(1+ (W2) L | ENt DT ) "n(Dp( i) p™ )+ ., F™ 4 -
$t3[124';+'p"”1— &J;lf”“]+ Y A
($5[(1+ (h/2) L, 1 ES 1 DL (T™ ) Jyln.(D,(T™ ) D( (1+
(h/2) 1, 1 ES* 1 DY (T™ ) ) oy (D, (T ) p™ 1)) -
(1+ (h/2) L, | E5 L DT )" n (D, (T3 ) D((1+
(h/2) 1y VES L DT )™ g (Dy(TE ) Bp™ )] + s F™ e
($)5(1+ (h/2) L1 ET' L D™ ) ) Yoo(D, (T™ ') D((1+
(h/2) L, | E5* 'L D™ ) ) o1+
(h/2) 4y 1 ET LDy (T ) o (D (TR ™) ))) =
L™ s B3R ™ (34)
T e W2 R (34) (R AC A TG R A

3F™ I F Y $8 3D, (TR DE™ Y,
Df(1+ (h/2) L, 1 ENl DTty ) o™ 4+
3D, (T ) DE™, DI(1+ (R/2) L, | ES 1 DT ) o™ 4+
3D, (T ) De™ ', Df(1+ (h/2) 1, | E%, | D;I(T,:’“))‘IF””I]%\
(1/2){+ 2o +F'"+2}+
$63D,(TH ) De™ ", (14 (h/2) L | ETl DY (T )™ Toer™ a4
3D, (T ) De™ ' (14 (h/2) L, | E% | DY (T ") )" Toye™ 1 +
3D,(T#* ) Dr™ ' (14 (h/2) L, | E5, | D;,l(TZl+l))_lDsz+l4}+
$t{3Dp(Th",’+1) nE™ D+ (h/2) LV ES L DTt T e
3D,(Ti )y De™ ', D1+ (h/2) L,V E% 1 DT+ Y) ) o™ s+
3D, (T ) Dr™ ', D(1+ (h/2) L, | E% | D, (T 1))*%”“4}\
(1/2){+ o P "}+ Dost+ 5" ' 2=
E+ ™' si— M+ F™' sy, (35a)

BeAb Do AR 2 1IEH B0
X T 2 34) B A B AR AT, 05 1 T V398 e 2 30) 1350 + EF + o AT,
JUJ AT e H
- $t3[lﬂlhrm+l+ Dy

m+ 1

2th+1+ ll"s'thJr 1’ Frn,+ 14 [
Es o™ e Ts e M F™ 250 ( 35h)
XFT 2 34) Al HA #E I, B8 - D(Dyne), — D(Dyny), — B(Dyp.) 72 BILHEH) IEE
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BHREF, KEONIE LT, AR BT RR AnT 28 ), I D, o= Doy, Do. = Do, XH
U 2 T 2R 1 38 b AT VE Ao i, HE AR 2 R L
— ($0)%3(1+ (W2 LV ES 1 Dy (T ")) " n( Dy (T ) D((1+
(h/2) I | ESul DB (i) o (Dp( TR ) De™ ') ) ), F™ s =
($0)% Dy(TE ) D((1+ (h/2) I, | ES 1 DL (TE) ) (D (TH ) e ) ),
DI(1+ (h/2) L1 E% 1 Dy (T3 )) o™ 14 =
($0)%5 DT )(1+ (h/2) L, 1 EZ L DT ) oDy (T De™ ) +

Do(TH ) D1+ (h/2) Ly | E% ) Dy (T ) ) oe( Dy (THY ) D™ ),

(1+ (h/2) LV ESl D)) ™
D1+ (h/2) L, 1 E5 ) DT ) el =
_ ($t)2{3DP(T?+ DD oE™ (14 (W/2) L,V ESy L DT (14
(h/2) L, | E5 | DT ")) oo™ 4 +
30D,(T# " )pr™ ", (14 (h/2) L, | E5% | D,(Ti" ")) '(1+
(h/2) L, 1 ES 0 DY (T ")) oynr™ ' +
3D, (T ) D o™ DI(1+ (h/2) L, 1 E% | DL (TR )7 (14
(h/2) L, | ES L DY) De™ s | 4+
30D, (T )Der™ ", Df(1+ (h/2) L, 1 E3 | DT ) 1+
(h/2) L, | E5 | DT )" De™ s | 4+
3D(TH )™ Dy (THY ) D1+ (h/2) L1 E3 ) D (TH ) ' e
(1+ (h/2) L, | E5 1 DT )) " "opnr™ ' +
3D, (T )De™, DD, (T ) D(1+ (h/2) L, | E% | D,(TiY) ) ' e
(1+ (h/2) L, | E5 0 DN Ti "))~ nem '+, 4}1 (35¢)
X R A THE(35¢) BUZE 1 I, R IE 8 14 2% ( C) Ak e = (29), il 14
— ($0)%3D, (T ") Dor™ ', (14 (h/2) L, | E% 1 DT ) ) 1+
(h/2) L, | E5 0 DT ) oy e ™l
- ($1)°D1+ by nr™ ' 7 (35d)
Ak D1 R —f e IR B0 3 (350) PR EIAE
_ ($;)2{3 oD, (T ) De™ " (14 (h/2) L, | E% L DY (T ) 1+
(h/2) L VES L Dy (T ) oy oo™ 4 + ,}[
($6)%(Di/2) + Do r™ ' o 2+ M+ F™ ' %5 1] (35e€)
xR (34) A 5 2 TUE Tl il =
— ($1)%(1+ (h/2) L, 1 E5 1 DT )" 'n(D, (T ") D((1+
(h/2) Iy VES L DT )™ g (D (T ) D™ 1)) )+ F™ g
— ($OXDV2R + DoF™ P+ D™ P D™
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Num erical M ethod and Analysis of Com putational Fluid

M echanics for Photoelectric Semiconducting Detector

YUAN Yirang'. LI Chang feng' LIU Yumxin's M A Li qin”
(1. Institute of Mathem atics, Shandong University , Jinan 250100,P .R . China;
2.School of Mathematis and Physics, Qingdao University of Science and Techn dogy ,
Qingdao, Shandon g 266042, P . R. China)

Abstract: For computational fluid mechanics simulations of a three-dimensional photoelectric sem+
conducting detector, a modified upwind finite difference fractional step scheme was proposed. The op-
timal eror estimated by using techniques including calculus of variations, energy method, induction hy-
pothesis, and a prior estimates were obtained. The proposed scheme has been applied to simulate the

photoelectric semiconducting detector.

Key words: photoelectric detector; fluid mechanics model; upwind fractional step; theoretical analy-

sis; actua application



