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Abstract

The thesis analyzes the factors of affecting air charging efficiency around the amounts
of intake air for the turbo engine. It puts forward to a series of measures to improve the air
quality and charging efficiency. Moreover it determines the maximum air flow of intake
system through the engine combustion chemical characteristic calculation and test analysis.

By way of analysis and rescarch, it determines the calculation method of the piping
design, intake system restriction and air flow speed according to the experiences
accumulated by a great deal of vehicles design, and designed intake system is estimated by
Excel that surns up them mentioned above. It provides a method for the criterion design.

The thesis analyzes the principle of thermal exchange of charge air cooler on theory.

Considering the using purpose of charge air cooler on vehicle engine, it establishes density

resume coefficient #,that can obviously indicate the effect of charge air cooling as the

estimation index of charge air cooler used for vehicle, and it is applied in designing
calculation of charge air cooler,

In the study, the thesis is to apply the method that combines software Fluent of
CFD{Computational Fluid Dynamics) with special softiware KULI on automotive cooling
system, simulates charge air cooling system. The method solutes the problem on describing
the air flow and temperature fields under hood directly and quantitatively. Through
simulating and analyzing the heat cjection performance of matching the charge air cooler
with full vehicle, it determines every design parameters of charge air cooling system,
validates the comrectness of the imitation analysis ending by wind tunnel, overcomes the
defects of traditional methods that needed to determine the parameters of charge air cooling
system by several test before, that is not suitable for current developing requirement. It
provides a practical method to research and develop of other vehicles for the future.

Keywords: turbocharged engine, air-intake system, charge air cooling system, CFD

simulation,
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R €260-20
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#L12 X 1772 (mm) 114X135
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AL O H (kPa) 170 136
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W kg MM+ E C. H. ONERRIE N . 5, g,(kg): N:

8.+8 +8, =1kg 23
BUEsSm C. H MR, R g aR:
C + OZ - Coz (2.4)

H2 +1/202 -H20 (2.5)




ok A K X ¥ OH % B # X

Eix (O, & (W) 8 (0) REHRTESHA C=12, H=1, O=l6, IR
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MixHEA 19.41m’ /min B[ HTRE, LRERY, HBBHRENRENY
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Fbss, EALRHENRTASHNRS ERBETH - ERENRE".

3.2 PR RERRIT

321 PABREEEGE
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D SEFHNEHRBURL R RBREKNME2.
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322 PAREEREHE

EE-FRERAT, SPAREENEREHERYY, L Ef. NiRE
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BRESFINRENERREERNERS. BRERAKR, WSITHHNEHE.
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MHESEE. WPARNE, BTRIVEXHSBERBATEGT, BERBLES
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DL 18 T 2845 2 I T A RUORBAE , — LB T P B SBETE 60~80C £ 1E
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3) NEHSEIERTRNE —BRNDT 2%
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5) HEHESBURHE M ERITE.

R 2R BB AR
FABAHME: 7208
BEPSERE: AT =110T
Rl <\t A <30T
AR K L ERE AP <16kPa.
hRREAHYE, . 80~85%.

332 FISRREHISHE

T2R11 ERRAEHFA. ARERFEH, HEAREIENTABER. X
PR K, TR RTHER, HEHUSHIR 3L
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T2 B gEHsH
BFRT: BXEXE (mm) 792X560X50
TR+ (mm) 50X8
' B 39
EEE (mm) 0.8
FTHMTEA [w/(m. C)] 240
WR (FER X EE) (mm) 12X4.5
¥ G 40
HHAOER (mm) 89
BiRA R HHEEIR
BFFREMKS (md) 0.4435
ARBARERAS,, (m) 15.07
HEEHEH (mPaW) 0.072
R (em¥Kw) 21.12
BREAERBEERS,, (mm’) 309.76
L WHREFAIHR S, (mm’) 12080.64
BB BAER R A K L, (mm) 109.6
LA HABE R K L, (mm) 4274.4
#HMHBERZRHY D, (mm) 11.305
SAEEURERNY D, (mm) 13.79
AR RE RRERN Sy, (M) 11.394

333 DHEGEIHTR
G F AT

\|EN 1=25°C, FHEN 25km/mh, MBTRHNTSHNEER V=Tm/is, KB

BHNE 1.1,
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3331 AMTSHPNESE
EHZESEREREONTARREOFTRE, A PABRY ORI

SEEREA, AHEAE, AXERRCHARE MhRBHADRET, = A4,

T, =55C
AR B 3K = L2 1005 2803, BHIT,=175C, AN CHIE) %2
SHBE AT =T, -T,=175-55=120'C, BEFTSKHFHRENT, = LT nsc, &

FRER, BRMTESKHntSE .
SEELLRAEC, =1.009k7 /kg-C

p-4p/2 3
; Wl ZEREPT
BE AT g/m

0.32

HFE ) =244x107 LY . 3.26x107°W f(m~ C)
273

B E
-5 0.683
b = LT L N 0510 m? /5
PV

c
wYSE P, - v‘—A:f"— -0.675

3332 BMIBARNGHE
ERHTTREY,, ©0,=V,-S,, B

V. - QIS = 21.96m /s

P19y
AR EEER, =V, D, /v,=16496

BERAEW0~12x10° AW, MAZHEEMRB BN LB X BN
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Nu, =0.023Re*-Pr}?, NZHE SR MHETSAENZERR, EREREN:
Nu, = 0.023Re)*- Pr* =48.35
BB N k= Nu, - 4,/ D, =139.43W/(m".C)
33.33 A MESHMESE

AERRBRRQ, =5V =31045 m’/s; BTHSBEN K 25C, BATRE
M ddE, HOEM, R 38C, MAREHREN:, =31.5T, ERRER, 40
e B REBBE X RR):

HH p) =1.2957-3.4455X 10t,=1.187kg/m’

SEEH C,=1.005KJ/(kg.C)

FRERH A =2.4395+7.6636 X 107°t,=2.7 X 10?W/(m."C

BEHGE v)=13.104149.9227 X 10"t,=16.23 X 10°m%/s

RS P =0.701
3334 X NIRARMITN

R ARARETAMENEQ, =0,,8, 0, =C, xArxQ, xp;, L ATH#
HAr=13°C, Wr,=38°C, WMAMEHBEHN 31.5C, dFHERHHEOEE:,=38
CTHBRBEHOBMIREN 0, WAV AZAMEDEE ., =38TC; WRHHEBH
RS REREN S DREREKXT 5%, MREUHEHKE R ELEM, EHit
5, HIWREEEHIE S%BM

AWEEER, =V D, /v, =5948

MTEEECH 5948, IRBRARARRTERNER, HANHERXEER Y.

Nu, =0.664x R}’ x Py*, Wi Nu; =46.03
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AW ARECN: k) = Nu'\x1!/ D, =90.12w/m>C)
333.5 BiaiAE
FIHALEA Rg = (S, -0 Sy, -A)» W: R, =2.52X10%m’."C)w

333.6 A BERRMHN

K= [i +%+ R‘?} = S4.T3W/( m2.C)

MELE PR RERRBKHETURY, #0005 DHHEEED 39%, w058
HIE Y 61%, FRAMT BT,

3337 BB TEHBEHR
ar, <&t ;— (T, -4) _(75- 3]8;5' (5;2 =2) _70.45°C
In 1, -t In ~
T, -1, 55-25
33 WARMN

Q0 =K-S,, ‘AT, =58kw>4%kw #HEER

334 BAXHEREEK

3341 ANTESHESE
RBVHIIEHTE R 2200pm B, BB SMED Tovs, BI\ALERTH, KEK
MEBEEHEFEMIEW, ATLARIRAHESARRENV =4.45m/s5. t=25C, REFE

1

L1 ESHLE Q@B T, =138°C, RIEHARAHKE -7;:—,-Tti><100%3380%, e his

T,=47.6C, MHMTSHBEAT ~ =904C, FHEREART, <92.8°C, 7ZBEH,
MU EHDESERN:
W p,=1.2175kg/m’

R A2 C, =1.009K)(kg. C)
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HER (BRARED A,-3.102X107W/(m.C)
BEHRE v,=14.46X10°mYs
YRS P,=0573

33.4.2 AMBRARETN
HREARTRREY,, BHEER 11 BV U OHE Q) =13kg/min, H

o

£y

= 14.73m/s;

Q{ 'Vz'sb’ %Vz -

HMEFEHER, =V, D, /v, = 11516

BT EESCH 11516, REABEAZEES, HITHMKERXBEA A,
Nu, =0.023Re}" Pr}’

Nu, =0023xR,, " xP,%* =34.53

PR BRI by = Nu, - A,/ D, =94.75w/(m’."C)
33.43 AMIRARNITE

AESEBRRQ, =S, V'=1.97 m'fs;: HTFHSEEARERE=25C, ¥
AESZTTNERE, HOERL N 32T, RINMEEE: =28.5C, Ei%EEN,

ARSERYESEC:
. 0,=1.2957-3.4455 X107 ¢_=1.198kg/m’

ZEHH: C,=1.005KI/(kg.TC)
SWEK: A]=2.4395+7.6636 %X 1071, =2.66 X 102 w/(m.C)
IEFRERE: v, =13.104149.9227X 1072, =15.93 X 10°°m?/s

LEARFE: P, =0.701
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AR B S T AR Qn2=0n1 #, O, =C, -Ar'-Q;-p,, HIILATIH
HAt =7.2°C, MW2;=322C, WAMTHEEN 286C, HTHERENBOEE
t,=322CHRBREH QR RESE 1%L, SETAARAIH DR, =32T;

AREWES: R,=V'-D,/v,=3852

RERAERARL EROER, KA RHER BN

Nu', =0.664x R,™ - P,"*=37.04

AR ESCh: k= Nu) -4 /D, =T145w/(m%.C)

3344 S BIERARMHN

-1

1.1 g, ] =40.73w/( m>.C)

.k

K'=

3345 HMENBREITR

_ @ —,)-(T; -1,) _(138-32) - (47.6 - 25)
T -1, 138-32

n
In——= 47.6 - 25
Tz -t 1

AT, =53.96'C

33.4.6 #ARTH
Q' =K', AT, =33.12kw>17kw #HEEK.

BERHHESRETRBEAERARARETHR, SHATTNTEREEL
R REE R IR. PR RREEBAERRESER LT 3.2:
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#32 TRBERAMEREAERRRER

P A BAEAREKes) | 008 [020 [030 [050 [070 |
kW)
T 3840 2 S E (m/s) Dpn
(kPa) 0.244 | 1.107 | 2.248 | 5.636 | 10.488

Dp Qut

(Pa)
0.5 7 107 | 231 | 299 [380 |426
1 18 108 | 251 |345 |478 | 566
2 51 108 | 262 [37.2 [549 |680
3 97 109 | 265 |382 |579 | 732
4 156 109 | 267 |388 |597 |766
5 228 109 (268 [392 [610 | 790
6 311 109 | 269 |394 [618 |80.7

3.4 BABTNEIR, T

340 IR IEERAEREE

RS E R — R AR RS, KB RFTRTE P SRR R LI S
MPFEARE AR P BRRTER, B (ESH—PHREAERIE 3.4):
Tni“Tho

BHYE: n=- T 3.1
BEE: AT =T, -T, (3.2)
BEFBTFARKEDE
AP, = Py = Pho (3.3)
T..p, L., pu Ti0Pho
—» ERH | FHH >
5, BEZS ARG RS

B34 EAS—hARELTER
BOLMEAREE T DR AR BHER, TR EESBERITNITHR
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WK, WEPSHRBYMENREHSEREER, ATRARANMEENB
K. MRNAREBERNR LRI RSP ER W, BRETERN. )
FEESETTE, ENNEERSEEEXp 'R_pT’ ERBEE p HREMES
KT EERK.

AET AT, BLE 12 X ESAM DA SHROTRTEESN. BE (D
SERFEEBSATE: Q) EANIREIERARIRE (1~258), ESHE 2

B BHEHp, - ;T  (3) PRBRBHENRE, HHOBSEESH SR AL

ki

HESADRE Q~3%), WHARE G5 NEERIBAE, - ;’;:‘ .
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Pis Pui  1( Py Pu
Apmp, —p, m=220 0 B T TH 35
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K XA E R RSy, K36 R

i(l_ﬁ]_l Pi _ Pr
- Ap BTM Py -1 I, T,
AP, L Pui _ Py
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[ [

(Ap, =p, - p,,» BMEZSETABHELR

17, (3.6)

M 3.6) AATELE Y, MBHSES p, WHFRBHENEAp, BF, ¥y,

HATREN I, RPE[BEREAH, EFFOFRHRE RN TR, RN
tEaERE. Fit, E¥REEREy, RO BN MISERYSH.

LM RN — 2R K EEARAE, A% TN8SHAs
KRR —REAH, AHZED PR RNED R Ap, W RSN BEH
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D W BEZSEPEJPEEARE A,
2) BERASHEORET,:

3) REHEEEp,:
4) BET, tRn, REH—F Ik,

3.5 M

HTERFTREE5 -—BATRBOMEHERFRR, HhFEgHe TEERER
Wikl BHHERTAMR. BRETHERKILAEE, SEETHEAE—EHE
FEX.
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4 R RFEHAIMEBESH

4.1 QIHERBNE T

FRREKRBREERKRTFRPH—NEHS, KEEDRRTARIIN
MESBFERZPLE, REHERSVESER. BERBSHEER, NEHL
BEELER. MESNMAIRGEERBRY FARAGTEBERW, 202w
ARG UEREHRER, BEBRAR. RERKIRE, RRIESEERRRE
o, FNHELSTEREAR, FRENAN. FR—MFEHARK, REL7, K
BEEN TR EFMTE. ANERENBERE, BEARAR, FRENA CFD #
HMAES RS (Fluent) M KULI &4 &, BRPARASRENILER, 4
HE AT HRERE R, FR-FITRHE, RESENTERT.

CFD &3 X Computational Fluid Dynamics (8 REE) %) BRIRK. EEME
BEAEVENBR, SETERARNERTRER. WEaME, CFD AT Rl
I EHEER, BRI RSB ARSI oL T A A R B R S R
BHRAARENES THE, SHRERDNRSEESRKE MBS, ATE
PRI AR MBI E B TLLA Y CFD BRIAABIHMA R AR —#. CFD @RS L
FIAFERY: RUREYEER . HEEERME. &R,

Fluent £ H i E R L HCRHRATHREA CFD &4, FRERIART BRI & E R
EREHNNERE. BTRATZH W ENEERMENERHREAR, B
Fluent fE BB MW SUE BRI . RSN RIS NETHREN BEN
PR AR KRR ERR, [ Fluent ERR. W, HH8. RN, Z48H.
ZINMBEHFER ZEA.

EES, RERH. PR REGESFRSAEBHAR A T HBEA.
Aif CFD # KULI % vHEHRAF, S 3945 € M ERURUR SN oh 38 DU R A0 Y B 2E fh 5
H, BYEHLH. PREAZPNNFREE, EBINEFAHTLRENMERE. B
B AREFEEF= R CFD K8/, 38 U1 Bt T 8 £ UKL 4l B4 B 5 E A 5T,
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ARESHEEIMAXR, SERLE, RORATEIRERBEARE S50
RHRRERG A RARBENBELHRREE, AOESN ke Sam,
R RE R IE.
REFH Fluent 8 A vH B4 1 S0 BIEE RV W SRR S, B
W ERGHEHAA. AR, EHBNTRHE. ARES, REkesg
#6h KULI 4RI R &4, MASRYIE.
KULI $t {2 BRI R 24 7 77 5 0 T B2 W Hg Rl 4T i S8k,
S5&GHRBRTERML, CREERER. tHARESMRA.
WROFEAR:
SRR A R 0 TR B R HE:
MBS P REFLBBMAMN KULI R,
BEAHNPERENRELERS K,
) PR BA B RR IE R BGAIE (7 W RE R
CFD #R4r BTEEHE V=25km/h B R FINLSHIE T B AT SR E AR A
AR FHLAE B E R SR
TH1: EESHEBKE (ShEK 191kW) &, FUBHE 2200rpm; T B RS
B’H 23.08kg/min, FHRBEXEEOERER 179.2°C, HIEF N 31.8T; #
ARRAIF AR E D 280 Ymin(BD 4.67kg/s), ZEMHLKHAKBEER 86.8C (HE
BRI K KRS ): B BB B RIS ZH TR
T 2: ZERSHHLE KM (5 1025N m) SRBEE 1400rpm, FHABHES
RN 13kg/min, PABRTAHGEDNEER 138°C, HEEBH 27C; HBH
BIGIFKFR A 175 Vmin(BD 2.92kg/s), R EHHLI 1 7KIE B 2 82.3°C (BI R Bk
BIEFKMEKERE), %RARSNHARNRIVMEET TR,
R CAE ITHEXIELR A LE 4.1, B 42, SH4001EFH CFD i
ERATHERR, BrHOEER,
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4.3 Siiainim s

# 41 HHTEAMNUGBE T ERIINESWREHNO . F48. B
B HRES. PRRERBELNERBRAER

#41 FHHETRBEDER B frkes

R THR1 T2

% B R HE R, T 6.3682 6.1076
Y 2.1850 1.3925
ek 4.8076 2.8751
e 0.9831 0.7308

R 4.8076 2.8751

4.3.1 SRl

[AEHEMCERBRENE S oAREEEL, Bl RS e E M H
BN O A B R BTN EH AT T R SR A 043 PR i POIPPIH0
4.3.1.1 FiHHHE

B 45 SN TEEEREANEROKYEE AR, & 46 F1E 4.7 Wi X=0

(HHE) LRIVLARPEEXBAFELE 4. NEB 45 BAaTLEE, £F
HEAE L, SHROEESHRES, T2RI FENEADAAEXNOAERS
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B 4.7 PAEHEIE LHEERS 4, B SHARD, RERENRD)
HLAE P BT BT RS
43.1.2 ENSTHHE

B 4.8 BT RSP, BB, KE. RIVMAEEDRERE S 24 H
FRHVEAABRNERY, EOamETRRFBRELEN HN, HIE 48 &
NEM R T RHMARE A AES, T EA KULL #d b 2EE N EE
BEL 7 i3 R AR RO T 438 .

43



£ ¢ R X FH L+ F SR L

4 1
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e
HP Whines
= riEe
a1 o4 g s

K48 MHEBEEHSHE (TH 1D (E{:Pa)
4.3.2 B HMEL

B LH T RITHAMEEFHEN R 4.2 FE 4.9 Fin, A% TR T HREREH
BHILF RENRRE R THRE 09T, HWEARTER.

#£42 FTHRTRINRBEFHEL

R IR TM2
BRREE (C) 81.30 74.87
BREBESE BARG HEERE




£ v M4 H X F AL F BB X

49 RHMVMNFRERERTR LY BRAK
ME 4.9 PEHBAHBRNGZ FEE RS, K8 3543K(081.3C), #HEIA
Y AREE I TAERE 99°C.

4.4 PR REMRAIEEB NS TS

TN FERAAH, hA RS, KULLRMEHERAHES, FERENEEE,
BRIV, MHASEE. R REER. REESREE. RNENENER
R HER . RIPUREEE HBER. RIPURREE SHEE.

KULI #4Fp UL AR EE LWCF
JEHRE: SFRERERE DR A REEEDEEE XN — A,

ZHEMES: BT RN RERE SRR EREETOERWE L, BH
2 F A 2 b RS,

REM A BESRLRDIEHNENFHGEREN, HTEBRERMET,
fhAl 4 T A PRI .
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i, fEBh CFD BT SAA . S FREAE /e M0 A E:

D REEBRAR YW, EHTS, mll (R meE), BRs. X
B, WEBAR, HEER KR,

2) HWHBEFERER T (MRAEE. TREAGBES).

3) AHESKREMT GuER, RE, BREH%):

4) AR ZRNE T EREREKAE (05ERBOANE, KA THNEE
%)

5) SRR,

4.4.1 BIKULIZ 3R

KULI Ff WINDOWS RERELSBENLRESH. FAREEE. RETH
WA BN ERRIEUEERB TR, SF70FLH 2D 7 3D RERE
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