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Abstract

A simple and accurate mixing model for twin-screw air compressors is proposed. The modeling
process is based on basic thermodynamic principles, and a hybrid model with compressor dis-

CEIEE .

XESIH: ], RE, WE. ETRTHEEE USRS B RS @B @S5 E, 2020, 9(4): 430-438.
DOI: 10.12677/m0s.2020.94042


http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2020.94042
https://doi.org/10.12677/mos.2020.94042
http://www.hanspub.org

T8 %

charge pressure as the basic characteristic variable is determined according to the operating cha-
racteristics of the compressor. Based on a large amount of experimental data and the use of par-
ticle swarm algorithm to identify the parameters of the hybrid model, the shaft power calculation
model and volumetric efficiency calculation model of the screw air compressor is established.
Compared with existing models, the hybrid model is more streamlined, while taking into account
accuracy and practicality. The hybrid model was verified, and the results showed that the maxi-
mum error between the predicted results and the experimental data was between -4% and 2%,
indicating that the model can predict the energy consumption and exhaust flow of the air com-
pressor in a wider range. The hybrid model proposed in this paper lays the foundation for the
subsequent performance analysis and optimal control of the screw air compressor.

Keywords

Screw Type, Particle Swarm Optimization, Hybrid Modeling, Volume Efficiency, Consumption Model

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 53|

Wit 5 A3 b PR DR A JR 2 s vl AR G LR )2 I 1 2 A A oy I 2 s WL 5 A i
TARATEEARAE B EE 20, B USRI Z MR T2 RS R G (HRAE 2 UR S L A 4
FAE LRI IIAE . AR B 19 Tk fE S, R4 2 TR GRS S FE LN 9.4%, £ UK
FErh, HISATREFBIA T TR BRI BT A ) 5 A5 [1] [2] [3]. BB A BERE A VAR AE TR A @
HE P It P (I R 4 = TR SIS AT RERE, DU RIFEIRISAT A B (9. 1R 2 b idnd ftb 2 i il)is
1T R GUR BARISATRERE, 01 U030 22 I LR A TR P 2 5 B A1 90 Pl B 2 A0 2 o [ 70 (R T4
TR B s B HE U RN RIS AT RERE . IS B AL A TR R G R R — A
3 B FEIE F1[4] -

T2 RS RS Z AR, SHEESOE I RGN . & PA R E A REE B
RIBERIAIRT IR . (LSRR T IR[5] [61# R 2k TR i E ., RERSEAFH ) 2 IR B ST 2 AL 12
BN RARR  (H RS IR D B R R B2y R, AR SRR SR AR E R RIR . T
H, 38X A R IE 2 — Lo IR URF A R P B it B . PESRIUR S I, BT DR AE R 7
A BT FETTELT] [8] & 2 Wit 2 AL TAE AR, K LRG0 AT 2 R ity . W<l i)
B A R RS T RS, ARE 0 ST ARG R . Gl ST A B AR
MURFF 2 R HUEATZN A H . AR AOREAOUE S SE Rl S e PR B, T DAE I 4 R v it
PR AR e T . (R TR Tt (TR RAGEH TEMEZEE. A5#([9] [10]is
HI CFD Y75 3 51 2T I e LA il AR AT TS A LA AR 5 R I A IR Hh #Avi%3d - (E2 M F CFD
THELIEAT R AE LA R SR ERI R BB . IR o — MRS 2 A AR R A2, FIH CFD 3%
ARSI A PR BA —E M RIR . BEE T HEM . KEdE . B REshGE R bod g, e
[11] [12]RH 48T 2 TR R B AR T e I 28 R 25, S S RE AL AN IR e LA T SRR . N e R 25 1)
S FZ A RE S0 mBEAR AT CSCE T SRR P o R 22 X 2 A TR AR R (1 S B At AT U 2,
HAE A SR W] REB B/ AR WA T BRI . I8 22 A3 e X IR T 22 1

DOI: 10.12677/mo0s.2020.94042 431 e RSE TR


https://doi.org/10.12677/mos.2020.94042
http://creativecommons.org/licenses/by/4.0/

T8 %

P N AT ML, S0 AL FE A SR AR 2200 A A RS AT IR, AL IR
PURIRLEE . VM BEAERI B . BT AR R ZEIITE 0%~10% 2 (7)o AH ECEE T Hh 28 I 45 FR 5 A5
R, Gl A @SR BAA @R L, RE AR VS XA . RERESE S AT
T35 2 — € BORG FE LK o[RS A LE BT AN LB A RIR F CFD 3BT RN S50 5, a5 A
AR HBCA BRI ], RERS RGP HIE T T SRPRit S ACSCHl I A R SR SR AT 2 LI 2
Koy ST ZHOIAR, AL /RG] (R I SBTAE A A S F R R A

2. DURHFF = FEALEYHRAREY
2.1 DURFF=EH B TIERE

ST 2 FE ML ER AR TAE R R R B AE JC B . e e ot R HE SR S R S ol F AT
WS FR4a FHES . JIERIBH A T EAHME & A I, B R a1 A 4 TR AR CAE I R AR IR .
T B R AL A TR AR R, IRAENLIW AL DT R aa AT, U SRR B i KT
WIS FESE R . I BRI SE FLRS DB, Sei & @ B RUE 1 e R e i #E . e s
WA AR R — D>, B AR NHES AL T . AR R 4R AR ] 1 B . WA S R AL
SERREAT 5 TAE S FEAAEIR KM ZEE o RUNTE S IEALSEBRE T i FE v, 75 BH FH % 7 T AR MG & 1 B4,
e R SR BT R Il A () AR SR B R 2, AR I HE R T 2 R ik, R 4E i AR AR
—ANERGLITEAR, PR SRS IR AT RO
2.2. WIEHF == EWMAI BTG RIER

RN BRI TIEFT B RN IT ot — AN EE WS E 5, @ FE R H S R
HESE, BT BN RIBREAFERHES R B 18, Fr DAPE 3 1 st #2 i A ot 25 A0 il 100k
A R R R T RN RUSCE N R E R R . AR E AKX A[14]:

m, -m

My = At =—— @

mO
o my DA I e R PRI A BOR SR my PR IR AR (T 5 s mo Y IRAT 2 IR AL B HES
B A MRS FERRMCR IR A U R AR IR R AL
RSB EMHREA R, REERMRETERS, 4, BiHEAFN:

k-1

mZ Tl [ pl Jk
=——==—a—=al — (2)
AZ mO TZ pZ

T, T, 73BN EAENLRI R HE R, a HFIER T
48 U it R 2 N5 [15]:

k+1 1k
p, | % 2k (sz k
m, =CAp,| —= — = || =| -1
b 1( pl] \/(kl) RTz P
C N A% A NHEEE S ISR AN m?; k N2 AR R EG p NHERUE FT Pas py ATRSUE AT,
Pa; R NSMEHE J(kgK): T, NHFSIRE K

A=

©)

m,-m
m,

(4)

DOI: 10.12677/m0s.2020.94042 432 e RSE TR


https://doi.org/10.12677/mos.2020.94042

T8 %

ki 1k
p, | | 2k (m}k
CAp,| 2 21
1[ plj (k_l) RTz p1

Vo,

[ K
P )% | 2 [mjk
CAp, | —= - -1
0 o pl( plj \/(k _1) RT, { P, ]
,=al =+ | - 6
n (M] v, (6)
G A BT IEZE N2 B R 4% . B4 L. AL E BT SHnsem, EW R EZENL N
TARRI T AR — 8, FrUAB R R 45 M Ll = A052m,  Br AFE R 46 AR P AN Be 4 IR 46 i FE L N &5
BB RS, % e=T2, MBAR AT AR TILF A

Jy=1-

®)

P
= ag(%mj + \/% (52 —gﬁ‘mj} (7
_ CAp, [ 2k
b= Vv, \(k-1)R ®)

fEBBUR AR BT LA pyp,vT,, abod BATZEHA.
2.3. DBFZ=ENRYTIRER

FEAEHLE D)2 Pe BT 1675 D 2R Py AT T AR s 4 AL 25 31 10 JBE 45 L0 AN X Sh B s 12 2 BTl #E 14

P=R+P, ®

) } "

FEHRTHE S, BT SRR DR — DR R4 . (B2, B WS M TR AE AL 48
AR T2 S R fE e — D 2 AR IR,y DAASREFH Tl 5 A S5065 5 A i R 11T 2RI [16]
SRS R A3, T BRI ECS SR A R kAR, DB RESERR 2 A AR R AL . PTEL
IR NI DK PN S i RN WSE

k-1
Bl
pl p2

ng”%ﬂi
P, P,

Pi AEANIERIN%, W PN RAES, L 0.1 MPa; P AEZENLIFF L), MPa; o NHE4i
DURI SRS, mihs KON SR AR S, B 1.4,
AR S50 & AT p, Py POy, 0 &8,84 Py, T e HEAT ZHHFN

Hrbfaos o P

k
P-——FP
1 k—l 1an

pi = ai plqvn

U SYE RN E i BT R o R /NS W

P =& P,0n + P (12)

DOI: 10.12677/m0s.2020.94042 433 e RSE TR


https://doi.org/10.12677/mos.2020.94042

T8 %

3. BREERSHHHR

I A I 2 LT 2 MO AU T 1 75 VA R/ — TRV (74004 (LSF), LSF SUHERR N T
JPHCER S, B U L A (R S 22 T RN, B B SR B R R B
BLIE A5 HLEO B R, LR — e D) BB S AT SR I R - AR T 2 I
LB BRI 47, 4 2 FEALEOHEUE ) p, =% R IENLIOBIINE p, =y, FHBHRIIBHC9 o 1
o=[a,8,8,p,] - EH(xy) REEHFENBLIOHIDEABE, x=[x,%,, %] €R"., y=Rif
RUFEH: y=f(xo), NTHEER Y= (x0) FRANSH o, —Ba%0E maE0E, WEK
RN

Ly, F(x0)) =Xy F(x-a)] 13)
SRAGI HARRECN o, (1=1,2,3,---,n) BJS7ET e MEI S HL:
min £ (x)= 12 (x) = X[y f (x,0,) ) (14)

B /N IR T SR BRI IR T SO N REEAR KRR T b B e
5P R SR BHR < MR 2, (B, HHAERNSEOE 2R, i AT ZHHRK
EREE ML, WHREERIR AT R R R, Bk, ESHWG 2 RIS
1%, ASSCRPRL TR S /s = SRA I 45 Rl — DAL (AR A R I fre/MEL. WL B SRR R — AR
RV Ol )1 2R IR L AR O DA SR o R T R SLR A B S H AR A AT 2 /R, G H Fr ek
BRI, R HERENET, B IRl R AN 2 1F N 22 8] B 10— /MR R R 25 (8] [ 7
BERENRE, GBI TAESENESEE AR - NRE. KriEsh il fE e — A B e Ho
BEATAIR, AN — R IE g ME B R 20 R RS H QAT RENE B € H AT H O
i B I AR B R BRI IOALE,  BRAh, K07 a] DU (7] 2236 5018 B AR 0 b B L 1 L e i
i, RFRIEE AR E LR IET T — P E s R A R BB R A A SCRI RT3
P D ZAREHRR IS EOAT 2 R R, R TR AIE B R B B RIE S AR I fME
BIRL 73 S0 (DG I E B B 2 30 (14), FUADRL T S000 HARBR B o0, (1 =1,2,3, -+, n) BEAT 22 )R 23R F
UM AN B EHIR GBS HHR T2 B, WAMNRERM & ER RS H. Bk, i
M/ ZRFRHR AR BAT Y PR . AR5 TR TSRS IE SR, 3R SRR 1 bR Bl i
RME. ZHFRRIRAEE 1 PR,

A 2
X SRR E — S —2Y o zms [
TY,
e
/

Figure 1. The basic principle of particle swarm algorithm for parameter identification
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Table 1. Parameters of twin-screw air compressor
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Table 3. Parameter identification results
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Figure 3. Experimental fitting results of shaft power model
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Figure 4. Experimental fitting results of the flow model
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Figure 5. Relative error of shaft power fitting
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Figure 6. Relative error of volumetric efficiency fitting
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