2018 4F 10 H
5536 B S

Journal of Northwestern Polytechnical University

Podb Tk K2 % Oct. 2018

Vol.36 No.5

https://doi.org/10.1051/ jnwpu/20183650807

ET—TRIMEBORES
MR E SRl

s Asems! #T

Low s, 2!

(1P Tk K2 3 S Sheli=fpe, Bev P2 710072; 2.0 EfL & 1 HI0F90 8T, 7108 68 214063)

W OE.ART—HAEEEBCRASHBRATY NG ESMEERGE TG % BITRASHH O
FBNE vHiE ety EE SRR E e o F BB W09 B8 7R AT 45 ) B AR R ALEE | 2%
AN EARSANEL B SR KAREAER SRR EAEA 5B K AR KA &
UMBE-ANRBEIE 2 ABOREEZTHAHE R AF B G EGMEAER KT A E ey Hi kAt
BT T AV R B O R AETUN AT R | S ¥ BB R TR 28 R 55X 3 498 (CFD 15 AR B3 47
T HE R, A EEREW R AMEIAER G X EFRNMAL Z AR &S RRBKIERTIZEZE DT
2.8% , 3%t TILTF ,CFD 45 A7 2] 69 B 0 R R 5 XIS HABAR LI £ /£ 4.4% A R, 51K AL A 69 TR
L FEAE CFD FAMAE AP Z T CFD ik 1.6% , &8 P 7 537 % LA T 2 R 45 Z 4K F CFD 7
L RRE R TR G TAM B O Rk R 0 TAERCER

a‘é ﬁ? "lﬁ—‘l1’]’ﬁ—§i$,/ﬁ}%,/)ﬁf_g:,aj‘;:;’}ih\*ﬁ
FESES.V233.7 MERARERD A

AR RATAR X — U R PR REAL 2 A s bl
T RE FROR | R R TR RE S A SRR A M
L SR D s e SRR 92 ) 2 00 1 i A 2
B TR R0 2 v P BE AU 2 0K b O o Al o 48
bRt FEBETT WY BERE G2 o it S50 R A e 2
—IUEAT B RIS RAE

AT AR RE T — R T 2 30 28 3 Ak
B CFD K B 400 R0 22 1 45 I 2 55 7 0k AR
W2 BT et o0 A P R TSN O G BE AT, AR
FESLYERE S JLATAS Y N ARG, CFD SU{EAR 4L
JrEREE ST NI S AN E Z L SC R TE—
JL TR Y RE TR ¢ AR P PE R 2R (XA AY
N BURUER AR BE T 2R B, BN R AT CFD 47
B H) B ANE T e BB R =
BARAL G ZE PR RE . P2 AL TN 2R 1 PERE LA —
SERPRTEE S B T7 B O K DL 75 it Kk g A
7 e 222 ) 4 i A 2K s BBOXSH S NOHS 2 AT AR K
SN, SRR AT ST B O R MERE S A5 S8

5 B #9:2017-09-12

X EHS:1000-2758(2018)05-0807-09

AR Z 8] 9 2 Al B e & Il R b
R, R AR BT I BEH IR T 250 2R B 1R BE T 0 A
oAt A AMHIRBFTEN SLET X B AR i 2%
ESIB VNN g (N N E PN § = A OF 1
RARI T EMAAI A Gt Ty ik e 55
PO RN X R AR AL HEAT R AL B IE O AE A
fill DR T RO A R AR A
B0 JEAD G ST TN TR PR RE O A K 2 H
R R ARSI PO (L AT e S TP S
HEALTTO B0 A RE R T ATHE

Y A EPN L EE PR SO
2 AR 12, i 253 AL 1 A5 R LR
A, DRI S B R BRI SRS B A, Ok, 18 SCAE
FEST VR A BT T IR N R S A S K )
SR T B R B A T A LA AR A LA
SO TR BIRE, o S 1R 5% P itk s
I e S EE SR MIBLARAR 2 ) B A58 | A I
fih b S — RS R AL B O R LRSS L

E &M B . s B2 4 (20150653006) 5 H de @A FEARMI Y 55 3% € 10 %8 45 ( G2017KY0003) 7% Bl

EF BN AT (1984—) , PHAEL TV R = By BRIFSE B, 32 2 M S a8 S shHLIR i = 07 B0



- 808 - ode Tk ok

¥

%36 %

BRI R AW ZR G IR, FJim R IR R AR
PEAT T RS B0 R R AR T, O 3 R dh
AT T X FE L

1 BUORGEMKEE

BRI A &iﬁ@aﬂ(ﬁxﬁlﬁm SR
0, HUSCE 0, M ELEEESCR n, |, BEBCRIEAAL
R,

1.1 KAmKER
B0 S AR K T EEE R OE T BRI R L
WA Bl 3 B
h,=A x ng (1)
o, A K BRI R L N AERRIRE K

Eomﬁﬁimﬂﬁﬁmﬁ4X§Aﬁ%@ﬁ

M, C, MBI,

Bl S SR AR 2 BRI v R R R A TE X
TR OB T JRiil i 2 2R 80 AL 80 3 1)
5

2
v

h, = f@ (2)
K, ¢ A JRERI R R AL
1.1.1 BAREKAHFL
I AR A A WA B e S et
T 8] B PR R

2

hsgi (3)
S ¢ Ik ARk R R
AO
BB A %K R R S TR

IR ST & A A B0 R WA B BBk R S
TR Z [ SRR

4,) >
l =o.75[Aj (4)

Arb, A, WA IEOHER A, SRR A HE,
1.1.2 st AR B R

1) MR S BRSO by

2 T R 0 2R A B I e P O 3l 10 UK g B
Wk

L w
X X (5)

Ao, A BEERUR REGL AR I K B
Dypo AWMV 25 5K Ty AR W, AP B AR
& H, HIKBA T,

KB OR EEI U SEAUK I 280 B0
AR AT R R, KD EEBUR REC A R
Colebrook #EFEANT, 7K Iy EERR 2 R BUH B v AR
AFT 2R THIRH R B ) PR

_ e A -2
A=ﬂ&A»—[@@f@§ 3J} (6)

WDO S N
K, Re ML s %L, Re = VHEQ,vﬁﬂ‘(ﬁfﬁimBJJ

BOPER B A AR R LS L
I8 R TR B HE B AR A4 S 25 0 A
EWoR

(7

b, ¢, AHEe R R R, €, R Ak
FHEBE R E, A i o RS R AL D,
MHEEHE AR, D, R 0 B AR AL B B RS
VERTA e it 11 3 e 1 A, A O 25 IEHEST AR
e 11 A B, DA AR A AR
W8 YR K ) BAR Dy BOR/NBEE I 520 IE
AWLMo | R A SRR
i EAR, RS AP SR A e BAR R

44
/K ST HAARE XL D, = HmfA, NEH

T P YD A X S ) b B TR ) A R
F, €, ARTR At 38 AT X6 1 A T SR 4
SR VI3 0% 7 545 B M- 5824 S 5K ) B
# Dy
DIII + 2l)IIM + DIIZ
Dy = i (8)
K, Dy, AN HE AL YK ) BAR, Dy AR
JiE AL K ) AR, Dy, AR AR
HEKIEAR,
FRPE IR A AR S 52 K by, IR RS
2|l il R IS i D B
hl*Z
sinBcy ©)
A, by, IR 5RA By 9 T M BU A 22T A, A

L =




4551

FELEE 55 BT — i sl B AS B0 SR 25 5 40 RN 5 AR T - 809 -

RV A 52 A

B(6) ~ (9) HORMAMBENARAK(S)
Hh, RIVRTAR AT IS LA 2 5ORIAL 3 46 17F T 48 K
PAE PN ¢

2) MANBIKFIBN K b,

RN g i kI K S RU L TR 17 NN
R hy, BRI b, FIFLTIHIK by, Z R R]

hy=hy +hy +h +hy (10)

AR R/ s RS 7 BRAE L, D
W

h’shzgshg (11)

A, £, Rl kR BB, W, b
RSk 5 T RA AR IR M 2k , al R
il g A AT R

2

Cn
hdw = gdw ?2 ( 12)
g

b, £, RIS FH e, = 0 Wik,

Ay h A R T g W T AR
R AR 127 b i 5 4 R Bk &R Bl

AW
2

o

hexl = gexl 2g

_ A 1—[A1 2 +K( Alj 14
4“_8.(%j[ o) -2 o

A, ZEK WBUES %% 1 #75E 0, A, A, BT
TEPE T R A, o SRR A
*1 BB KWEE
a,/(°) 8 10 12 15 20 25

=

(13)

K 0.14 0.16 022 030 042 0.62

I RIRE T 7 Az 1) Dy 25845 ik B4 2K 3 iy 2
A, ARSI T4 K

§ 2
1 2
2 47 + ‘fz Dl
d’z Al {1 - ‘pz -
- 02
L A,
hy =Cy| — X H,
‘ t 8i,sinf, '

(15)
A APH ) R C, B TIRBILT S8 i sh
A AR SRS R K, ¢ D9 IR0 AR AR, 8.,
MRS AE,

PRt A8 N SR R
hhi = hl + hd = hf + hsh + hd“ + hexl + th
ek bk

(16)
1.1.3 ®WrTHKRAHE

1) SIETMY K Z KSR b,

I TCM 3 K T R AR AE /K ) B
Ky, JRTRRIRYKIK b, FIFEY B K b, 3
g,

WIEY RZ WK IR by, -

hy = hy, +h,+h, (17)
IK AT BESAR R Y IESIVIEEN

oty TR EE P K T BEERR Ry,
C2 Lv
"2 Dy,
A, Ay TCH R I Sl A N R R R L,
NI Y IR A IE SO Dy, N EE ot
PR RS EK I EHAR,
PRI AL RY K b, A

1
_drupll -~
-

hy = A (18)

2

b,

(19)

2

A, by ATEM YR SR, b, Mg 5
JE u, SRR FEE

TIEY WA @Y O o, MR AK(13)
KATRR . YRS SR A E SO

[J/hsinaR JA3rsinaR]
T T

= 20
ay L (20)
cm3D3
. D
A, A, =nD,b, A, = wD,b, ,a, = arctan =
cn3 3
R

ay, RIJCM e D iaE Y sk i, L, 93B3
JEEFE AR 5

H(20) A BY HHUR LI A (13) , BiA]
WEIFEY R E R REY BL A,

2) WsEIB SRR E MK Sk

Wase AR R K IR b [RIRE 2 BAL 5 8l )
WK by, FEEEBUR by, PIFRIT

W7 LK IR A,

he =hy +hy (21)

A, AR 1) B RE T AR K T Bl T3k hy,



- 810 - ode Tk ok

¥

%36 %

h _7’3(81112)2 & : biz :
de 2g D b3

3
iﬁ:l’”\ s M, %%’L‘ﬁnfﬁﬁg%{*ﬂ&&%,cmz = uzd)z ,;H\:'ﬁijt
ZH0E LT gt .
IK I EESEARR A b,

(22)

2
m Ce 1
ho = —A X — 23
: 21 [Ace 2g SCT]- Ay (2
5 . e o 2 f;;ult-(Re’B)
U, A HIRTE PR BEBR BT, A =,

co FIASE TR B RTRE I, AS g T B — R
SIHYRTATAR A, A 5 Mk P AR T T AR

3) HHYTHBOK SRR

A HUBLN K IR by

hy =hgy + hy, (24)
TR T EERERE 42k
. (n,0)°
hy =4y ng4 (25)

A, ¢ YT REBOR B Bk R, =
st (5] | b,

K I3l 3R R FGE YK AR B
BEETLRTR| /N
) :gtm[w(bz/Dz)msz CH, (26)

2, (b/R,)? ‘

AP, £ HY BB B9 skdhi 2 R4, Hoth S 80E
SCHISCE S i

Li L RTIR , TARA BRI B0 2R 45 3 Wt B AF
I A B ZK TRy AT RARIR A

by =h, +hy +hy, +h, +hy =

h’s + hf + hsh + hd\\' + hext + th +

WA ik W Y
hy +h +h, +hy +he + hy+hy,  (27)
I TWERR oD WER
B IR SRR
hyy
m =1 H, (28)
12 FRBMKEREE
1.2.1 "t AMBRAE

. B 0 1A R 2 2 4 4 5
I, AR N
Q. =pA, . /2¢AH,, (29)
SR, A, R R AH,, R RT
R 2,

R +cl
Ay = [ RAR =m(cl* + D, x cl) = 7D, X cl
R;

(30)

T i Q, 75 B M i i AR B A
HEIGE I Z W R 2 Ap, T LAE S R K
WK AH, WT5 SRR BN R IE DRI R A B
Pl ek 2R g IR T B PR SR T MELRE B2 A R

WitL Re.,
LA -
r= + 1.5
2 X cl

Aorf, A HBH ) R B, WTARYE SO P SR, A =
K X Ao s Ao :fcole<Re’A>0 K j{lé’é@ﬁ%%{,x =
1.095Re ™7

(31)

caDya
v
N, e FEEIRMIBR IR S IIE L ; D, R8BSR
wKITEAE,

Re = (32)

ey = (e, +eu)"” (33)

S o B B R R A e, =
Qe Sy B A A O PR S B

A,
AR BL 22 A0 b 45 TA Ay % ] B2 A 7 5l 2 el )
3k Ry S B B AL Al e R ) —2F
u,D,
‘"D,
TEgrE MR O, BIEAINE LT B E45a
FRAEN(31) X, 7T LIS 2 %5 35 2R s U 1 3 200
o NTHEEE SN O Z AR ) 2, fR %R
PSS HE 1 AT 2 () B T TR 9 7K
P, GLAE RN OK K H L, 3 ) R AR
Hy o W D BY RS IO RY K H,
RS 2R R R AR A A R D AR
H,_.,
AH,=H, -H _, -Hy_» - H, , - H,_ (35)
A JE IS FEBOH S AN R TEIM A HES:
T oA MR TR AR Y B Hs BB R | Bl R RO AR BLOE
AR 2R Tt T ) B 8 A W (A Sl B, 3 LT
IV R A Y H ) 25 o PR gl s o 3
JE RGN RAE .

b 2 A/ 2 u;
Hy_, = |:§0§[bz] + ﬂﬁilﬁi - f%ﬁpg(A?] :' X i

(36)

(34)



4551

TRV, & F—ouii sl s &

M4 ) 2 5 B B 1 AR ] A Ok
SR T Sl AR AR R VR TR 7 AR B S e i
SRIEHERR 1A LN o, , BSOSV s R BE A
Dy SR T TR TP PR A S - e Sl A R o AP TR
SRR BRI R s, AR,

®, = @ (37)

28 4/7
1+ 2.39[0.17 + D:j

PR, 2 M v B TR A

() el (0] o
o) (29) R, )

H1 (36) 20, (38) A1 (35) A7 AH, K R15
1) AH, A BB B A A, F1(31) EEHR w1
AFIAZ(29) b, o] LA BT 0 %% 8] Bt itk U
Q.o WH e, =/(0.),0.=f(pn,A,,AH,) 1 = f(Re,
A) H Re =f(c,) ,JTAMER /T T ZA B s
ol AR S T R TR A
1.2.2 BERIEEITHE

2. T i U 5 S 2 s P T DR S R R
W YA B el LR R R Q. 5 R EIEKITS
BB RR TR EOEN SRR, HRECR
I RE SR

Q.
=1 - 39
n, (0 +0) (39)
AH,
uD; xcl |24,
-1 - = 40
™ (Dybr) (40)
fﬂfﬂ D, AW EHAR, HaSHoe LRI CE 4,
/«AIKT%%ﬁ?fEmwﬂﬁi Q... SHIEH &
Q, ZIEIMKR .
Ql)es
= 41
7" ch ( )

1.3 #mi kR
e REEEIR Py R B 4 b 4 T A 4
R RER G EINUE SSUNTONE SV e vEile 3 PP K Sy
HA,
P, = const X n’D; (42)
IR Ty A S e L R PSR T EE A O R
SRS mE BRSBTS BRI LIS 3
Cﬂ’ 2D§
8g

=2mnR,=P,

K, o MRRBEEEHUL REL

(43)

U IR ZE A 1 R 5 R T - 811 -
EOEM RIS FRIIER P, R,
b,D
P[}l=VQH=71T 2 ;d’z'l’z 2 (44)

{502 Iy 11 4 4 S O
R 7, 127N
U =T s
R 4 8 1A 4 BB A 1251
SR e B L 4 T 5 25071 0 e
Sy B ARFERRRR 7, LI

PD +PDi +Ps&h
=1-—-—— = 46
o Plh ( )
S A AL B R B K P,
"=y g b, “

5w AR R4 S D)% P, R Daily-Nece
[N

c mpa)3
Ps&h =

R)) (48)

R, ¢ HEM 5 m;f&czwu( )?Fﬁaé 5 Re =

10° i5f, C,, = 0.006 35,
A I b A A B T S R e R R ACR S B
R RIS R R,

Cf

Np=1-————"""""X
b 4m(b,/D,) eath,
:2 - [(D/D,) +2(R;/D,) + 2(s/D,) _A1A3}5+
54,
(D,.,/Dz)5 - (DO/DZ)5 (s/D,)
+4 +
5 A,

N
SIS

A D\?
j A9+ [j AT(49 - 44,) +
DZ

2
j [919— 124, + zsin(219)} +

N N
SIERCIE

44 4
jA‘{lOﬁ - —A, + 3sin(29) - AzAﬁ} +
3 37

2

35 20 L2 4 A,A;
A?{Sﬂ = G+ [ sin(20) - A LAY+ ‘} }

3 " 16 4

(49)

I N T e
2(R., —

B A, A, = ) i, =



- 812 - odb Tk ko o R 36 4

cost, 1 T HL s Yo el 2 n,=35 ~ 212,,33%203% ¥ n=8 000 r/min i Q=77 000 L/h, 0 &S

EXHICE S, P,=0.15 MPa, i I JE /1 P,=0.80 MPa, % 2 Ni%
BEAE SR FHBUAR 3 5 07 SUIE, BB BOPLBRA 2% A2 30 8 19 5 B LT 454 2808 HAR B8 Hiedis

P, WE—MAE(1% ~ 2%) P,,, 7] HIELAE ., Bk 2 EMZBORLALHESERIRBHIE

PR R TR T 5l 2R 18 T 2 VR Sl 7 i) AL B 2 [T pen - i

P, —Weh (1% x P,) , FHHE I RABR IR P,

o 1 Bt (RIHE 85.904 1
ATHERA (2% ~ 49%)P, . T "
= 73
Pm _ Pm1 + sz 2 EEOEHAZ 100 mm
M = 1 - P 4 Wi/ NER 13.4 mm
th
1.4 %'t‘ﬁﬁﬁ?ﬁ%*ﬁﬁ 5 M5k 0 HAR 66 mm
T A AR Y R N AT T O AR Y R RR 6 g O R AR 18 mm
HEOREEEROS B MR R AR 7 4 S 1195 R 1 mm
7’ - ’)/QDesHDes 8 H+H§& 7 /I\
P
" 9 I £ 110 ()
yQIhHIl] . 7))
W= 10 R e A 18 (*)
(n.7Mp)
Q (51> 11 i JE 2 mm
Des
Q= " 12 RSE L B AR 124 mm
H 13 W FEIE v 23 mm
Des
H, = "~ 14 BECRGRBLER) 0.744
'yQH ’YQDCSHDCS
=5 = = M (52) . N
th vQu.H, 22 BETFEEHMAEBETAN
(n.mp) s T RN T SV O i N R bl WL 8
BOREELVOF SRR REOCR, sepit i 4913 B0 205 T00 R 203t
RIZRE HURAR L . %3 R,
M, =S, Ry,b5,R, b, 9,) 3 EFRAENNBEOENERITEER
n, :f<nhisDi’Cl’Lcl) EZ% 7/2‘@ &Eﬁ{ﬁ
Mp =f(Q,D2,D0,Di,19> 1 B BACR 0.722 8
nm :f( QDes 7HDes) =~ COnSt 2 %‘L‘ﬁﬂg‘é\ﬂ(?ﬁi% 0768 5
o = £ ) (53) 2.1 W A ZE K J1% 0.991 3
L 2=t ) 22 TR 0.910 3
Hrp , ELOD IR U 254 F B S 80T DL £ 23 T4 TR 557K Sk 0.973 6
HLLE 124>, 2.4 WSS A A K IR 0.954 5
[Dy,A,,D,,b,,Ry,bs R, b, @, ,2,0,8, ] 2.5 B S150% 0.986 7
3 YAl & 0.962 3

2 MEBEORMETN
XF L 2 FE 3 R, SR FH SO BT ST R R
21 BORMIESH ELTR BT N 2% TR0 25 15D R )RR R 0.722 8, 5
FLZS B DA R M Zs RP-3 20, A B0 2 BACRI I B 0.744 A EE, AT
A BUREEE S 30°C , RP-3 S BB Sh BT v= DR2EH 2.8% , R @ YU RBIAYHA R IF 1T
1.248 mm’/s; IR 30°C XF 0 RP-3 AU EEA L nl 48 KGR,
p=772.1 kg/m’, HERIPH 25 B0 B TR AR A



55 1)

FRLEE 55 3 T—Juii s AU B O AR ER B0 R 5 3 R it - 813 -

3 ETRRBHENRKEEEIE

B AL AT S = VAUE PRIV O TR O S
FH CFD S TZ A28 B 0 2 B N i S5 B, OF
H 2 S 5 0y AR TR YR 5 SR R AT ) He A B AE
0.6Q,,0.80,,0,,1.2Q, 4 Fp THLHE17TE O NI
P EAE i S T T Q, =21.4 /s, 1554
T 50T B0 S 6 . 53 A RIS JBE 43 A an &l 1 Fn &L 2
Fs .

1 XIIO6 1%x10°
s | ]
0 0.1
2 0-120, n 0-0,
3
1 Xll() 1% 106
\ ;
0 0
o 0=080, d 0-060,

K1 ARECACE B0 RN R

& 1R, RO AR DN T T
IV N R O, HL A8 P sh B AR o B A
P, RO AR R T RO T AU R, B0
SRS N R AR, 8 PN TR sl A 5 2 Y A
XERRPE, [ F 9 B P i e 20 A 1 AN 2 2] 1
.

B2 RTE)T E 0o R A

A 2 ATAL FE R 00 R, 58 PN i 0k
B AR AT A R TO0 T, B IR g
BB AR AN S8 S PR 5, DRI s 0 2 A Y
KW 2 I e % 22 ] B TR A0 8 A T REAIR, )
Bf i e K T BB P I s R S A TR N, eI
T TALT MR R RS 1 R 5e N R T R
JET A AR AN 5] O OB o B A S R
AU A —E e, B, /his TAT i
e O AR SE N B IR R B, ARt D B
IR ITER AT — 78 BB/ | H 2 A B0 ZEAE /N
= LT AR R K Ik

BT AT CFD MYIHERCE R 0.710 9, 5% 4
TR EAH LR 250 4.4% , >R A CFD )
TN B R ELA 5 RS B (EKS: CFD I 80
SRR A S S B A AT X AT, AR
SUTOU T URBR A8 T CFD J5ik 1.6% ., RH
5 AT T T ) 12 78 2 A e (i B 4 3 R I AR B
FEW T A 37 o S AL R ABE TR B A VA e TR0 50

HR A8 T ST 9 B O R A B [ i T
OB IRCR AT IO , 35 BO Y L 0.50, ~ 1.3
Q,, AIBEHL 0.1Q, , B L8 7K 135 R M 25 FUSCR B I
HAMb R E 3 RE 4 FR,

0.98¢
<
0.94f
0.90 1 s .
40 80 120
o/ (mn™

B3 B AR R BRT A A ACR

0.8
= 07
0.6 I 1 |
40 80 120
o/ (m* v

K4 RO RIURBIITTR K Ty



. 814 - wode Tk K

¥

%36 %

P 3 FIP 4 LA, BGOSR AR/ N 0L R AR
IR EESIRERE 77y it T A R E e e d ki S U 1)
TRAITE O , Ak FAFAE BRI X, S E0R 0 2R
PRI eV TR i AR 8
DRFBBIRE TR BLOAROK IR R 1Y
AR ARG (L, A (EL X 7 A I B D i, i
BB B0 A B BE AR, K ) B0 iR, AR A
3 P 4 Ji 1S O SR A BUCR 5R 1 3R A e
2, PR B S R B R T B Y 45 SR AR AR A 1
5P DURARTT Y

TR S MR B O R R PR RE T, R B AR E
LU

1) SO AL IER G IR B L G 2 8
AIMPERETT LA L, REASHF B ARy 12 2
JUAT A5 A6 5 2R Bk T PERE 2 1)l S 8y SRk, P
T RIS RO A TARRCR  HHRE S IR s
WRE/NT 2.8% WP e 7 A B0 AR R AR RE S
YR A T B O R BT T AL RE

2) TEBCH AT, CFD 5 BT FN A 2503 5 i
TR BRI AN FLAR ZEAE 4.4% LA 5 G A6

4

4

=A

ARICAE ST B L FR LR T R () T 58 A

IR TO0 T RRSCR B N 2.8% , L% 5
5L CFD J7riE AR L, PERETUINRG HE L T CFD Tl
DM 1.6% o SR FHAR AR TR 358 7 30k 0 Wk o o s
or R BCE AR, HOt AR

%

SEH .

(1]

XUy, F A Wiz K sLE—FloE B E R A B[], Aa & Bibl, 2003, 29(2) :5-7
Liu Shangqing, Wang Lei. Design of a New Main Fuel Pump for Aeroengine[ J]. Aeroengine, 2003, 29(2) :5-7 (in Chinese)

[2] Wang C, Shi W, Wang X, et al. Optimal Design of Multistage Centrifugal Pump Based on the Combined Energy Loss Model and
Computational Fluid Dynamics[ J]. Applied Energy, 2017, 187.:10-26

[3] Shi Weidong, Zhou Ling, Lu Weigong, et al. Numerical Prediction and Performance Experiment in a Deep-Well Centrifugal
Pump with Different Impeller Outlet Width[ J]. Chinese Journal of Mechanical Engineering, 2013, 26( 1) :46-52

[4] Zhao B, Yuan S, Liu H, et al. Three-Dimensional Coupled Impeller-Volute Simulation of Flow in Centrifugal Pump and Per-
formance Prediction[ J]. Chinese Journal of Mechanical Engineering, 2006, 19(1); 59-62

[5] Yuan Minggao, Liu Houlin, Wang Yong, Wang Kai. Numerical Research on Performance Prediction for Centrifugal Pumps[ J].
Chinese Journal of Mechanical Engineering, 2010, 23(1) :21-26

(6] fufias, RI7ar, S92, BALHEAE B ORI BET PRI (1], HEREDLAR TRE2A41E, 2008,26(2) :40-44
He Xijie, Zhu Guangqi, Lao Xuesu. Application of Genetic Algorithm in Optimal Design of Centrifugal Pump[ J]. Drainage &
Irrigation Machinery, 2008, 26(2) ; 40-44 (in Chinese)

(7] BA, RIOL, WEWR, % SOEL Bir2 BRI TEAISE AT FE[J]. P ERAKFIKHE, 2014(5) :130-132
Huang Si, Song Zhiguang, Zhang Xuejiao, et al. A Practical Study of Multi-Objective and Multi-Variable Optimization Model for
Centrifugal Pump Design[ J]. China Rural Water & Hydropower, 2014(5) :130-132 (in Chinese)

(8] M%IR, vk, MMk, S5 JETUK BRI RO A MR R D AR L[], PUAR R, 2016,35(3)
89-92
Yang Junhu, Bian Zhong, Zhong Chunlin, et al. Method for Selecting Centrifugal Pump Impeller Outlet Angle Based on Calcula-
tion of Centrifugal Pump Impeller’'s Hydraulic Loss[ J]. Journal of Xihua University, 2016, 35(3) :89-92 (in Chinese)

(9] wkWIwy, XUEM, AL, BB DAY RERTERER MR CFD BF5E[J]. PR KFIKHE, 2008(11) :104-106
Tan Minggao, Liu Houlin, Yuan Shouqi, et al. CFD Research on the Effect of Centrifugal Pump Outlet Angles on the Character-
istics of Energy[ J]. China Rural Water & Hydropower, 2008( 11) ;104-106 (in Chinese)

[10] RBHE, REM, RHEH. BOEAKDBRITEL]. 10 R2E#4, 2007,28(5) :405-408

[11]

Tan Minggao, Liu Houlin, Yuan Shouqi. Calculation of Hydraulic Loss in Centrifugal Pumps[ J]. Journal of Jiangsu University,
2007,28(5) :405-408 (in Chinese)
Hou H, Zhang Y, Li Z. A Numerically Research on Energy Loss Evaluation in a Centrifugal Pump System Based on Local Entro-

py Production Method[ J]. Thermal Science, 2017, 21(3); 1287-1299



451 FETEE 5 I8 T— B AL B B A BU S AR - 815 -

[12] Wang C, Shi W, Wang X, et al. Optimal Design of Multistage Centrifugal Pump Based on the Combined Energy Loss Model and
Computational Fluid Dynamics[ J]. Applied Energy, 2017, 187:10-26

[13] 2. JET oK AR IR K R PERE BN AT [ D] i BIBsCiE R, 2012
Li Hua. Research on Performance Prediction of Automo-Bile Water Pump Based on Hydraulic Loss Model[ D ]. Shanghai, Shang-
hai Jiaotong University, 2012 (in Chinese)

[14] Tan L, Cao S, Gui S, et al. Modeling and Experiment of the Hydraulic Losses of Centrifugal Pump with Inlet Guide Vanes[]].
Journal of Hydroelectric Engineering, 2011, 30(4) :191-196

[15] EBL, XA, 2AH, 5 @OR2 THUK PRI BT Urik (1], HREDLM TR =4, 2012,30(1) :20-24
Wang Kai, Liu Houlin, Yuan Shouqi, et al. Optimization Method for Hy-Draulic Performance of Centrifugal Pump at Multi-Op-
eration Points[ J]. Journal of Drainage & Trrigation Machinery Engineering, 2012, 30( 1) ;:20-24 (in Chinese)

[16] Safikhani H, Khalkhali A, Farajpoor M. Pareto Based Multi-Objective Optimization of Centrifugal Pumps Using CFD, Neural
Networks and Genetic Algorithms[ J]. Engineering Applications of Computational Fluid Mechanics, 2011,5(1) ;37-48

[17] Ahmad N, Hamed S, Shahram D. The Comparison of Multi-Objective Particle Swarm Optimization and NSGA Il Algorithm: Ap-
plications in Centrifugal Pumps[ J]. Engineering Optimization, 2011,43(10) :1095-1113

[ 18] Omar A K, Khaldi A, Ladouani A. Prediction of Centrifugal Pump Performance Using Energy Loss Analysis[ J]. Australian Jour-
nal of Mechanical Engineering, 2016, 15(3) . 1-12

Modeling and Efficiency Prediction of Aeroengine Centrifugal
Pump Integrated Loss Model Based on One-Dimensional Flow

. 1 . 1 . 1 2 . . .1
Fu Jiangfeng , Li Huacong , Fan Ding , Shen Wenbo", Liu Xianwei
1.School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China;

2.Chinese Aeroengine Control Research Institute, Wuxi 214063, China

Abstract; This paper was presented a method of integrated loss model by considering all kinds of loss type in cen-
trifugal pumps. The geometric structure and loss mechanism of the flow parts in the centrifugal pump were analyzed,
such as suction chamber, impeller, vaneless diffuser chamber, volute type water collecting chamber and outlet dif-
fusion section. The hydraulic loss model, volume loss model, friction loss and mechanical loss model of centrifugal
pump were established respectively by combining the flow theory. Finally, an integrated loss model of centrifugal
pump was constructed, which can establish the relationship between the 12 main design parameters and pump effi-
ciency of the centrifugal pump. Then the performance prediction of an aeroengine fuel centrifugal pump was carried
out based on the loss model, and the loss model predictions were compared with the experimental data and CFD
simulation performance prediction data. Simulation results show that: The efficiency predicted value relative error of
centrifugal pump is less than 2.8% between the loss model and the experimental data. The computational efficiency
of CFD is less than 4.4% compared with the experimental data in the design condition. The relative error is about
1.6% between the CFD method and the loss model which shows that the loss model predicts efficiency accuracy is
better than the CFD method. It shows that this method can be used to predict the efficiency performance of centrifu-

gal pump under design process.

Keywords: computational efficiency; flow field; flow rate; reliability analysis





