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An investigation of flow field and acoustic noise of a range hood

Student : Chun-Chieh Wong Advisor : Wu-Shung Fu

Department of Mechanical Engineering

National Chiao Tung University

Abstract
The major purpose of this paper is to study the flow field and acoustic noise of a
range hood by numerical methods. In the numerical calculation, a finite volume
method and LES turbulent model are adepted-to solve the flow. For acoustic noise

analysis, Ffowcs-Williams and Hawkings formulation is used to predict the sound
pressure level of the range hood.

The results show that the acoustic noise level is related with the pressure
fluctuation of the flow. The acoustic noise of range hood is composed of narrow-band
noise and broad-band noise. It is dominant at 5800Hz which is in the sensitive area of

human hearing. Therefore, the reduction of the range hood noise is essential.
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B ABRAE T D R B B2 0 B 1-3 T 0 Ao RGBSR
SRR FONPERER R TA S R o FIH 5 F 2 T ARRME T AR R
& FIERE
1-2 @;’;wﬂ)@ﬁ

wifd o AR Bk o g 0 B9 4 Lighthill »¢ [1,2] #r4g e
Rima §F R AL o Lighthil]l - 82 A28 de 8 2 4258 5 & g )
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2-1 27
SR AEE B R LB EE R SR o H Y p N
RS E SR E R R e A R T2 f B A 4T 0 Tt 2

21

R BRI A S e o b B F Bk 2 0o IS AN Nk T

F_*
0

AR LI o

R R B AR 2 Fd r v e o 0 b R e 3 FARE
FPAEe T od WEFIRELRRREERT S AL L RP F 2]
Bl o FFTFEFFIAER O FR S w6 R 0 EgER o B

EERCERRE O B R YR 7R AP P ez MRS .

A2 @ R T E S R ST 4B 2-1 1 B 2-4 7o 0 &
B % 900mm > B & % 765mm > F& 5 500mmy o YE e)di o £ RS E AR L 250mm &
180mm > > v B /&5 150mm 3 Tk 5% KWE S5 200mm > #hes £ R

% 100mm > F * #&E 5 12 ¥ 4Bl 2-5455F o

ETIES

2-2 & 7R 8 i fe gl

A B K- T B R 0 TS G B A AT TR R T OBRR

Lo Zf %A LE-
20 1 fEiREE G G F o JRRMF 5 2 448 (Newtonian fluid) @ &3 % 3k

(viscosity) = & & w4 o
3. L EARRE -
4. 2 FREARRT AT RFIRF L SHA TR T e B8 E
¥ if # % © (no-slip condition) °
5. AL RER ~inFu s 2 FR a2 REBR G TG AW TS

= W



et 2R R AN B R AN X

AR o B AR o A AT

i AR5

%Jra—xj(pﬁj):O

i Al A

%(pui)-i_ai;j(pﬁjui _Tij):_gp: +5;
F(2-2)7 2 1 = 2us; —%pg%:éiij —Em
F(2-2)¢ sy =%(%+%)

Fonda 2 #2538 (k-equation) :

ﬁ(pk)+i{pﬁjk—[ﬂ+ﬂjﬁ}=

ot X, o ) OX;
2 ou. ou.
+ _ —~ &8 _'+ i
4 (p+ pg)—pe 3[ﬂta& pk]a&
He
ou.
=2s. —-
p 1 aXJ
o, =9 1%
’ Tpy P OX;

Fod &£ 4258 (e -equation) :
? ol ) o¢
—(pe)+—| pliie —| u++4 | = |=
o ) axj{’l“g (’l <75Jaxj}

ou

& w 2 i oy, £
C51F|::ut(p+ p )_g(ﬂta_+pk]8_}+cg3_ﬂt pg —C

X. k

R AR~ TR

(2-1)

(2-2)
(2-3)

(2-4)

(2-5)

(2-6)

(2-7)

2
_R? ou.
1-03e ™ pZ v pe s
82( )p k g4p GX-

(2-8)



Uz1s3b—03€W{P+2fif%F0“””* (2-9)
Y
C pk’
My = fu “p (2-10)
€
fu _ [1 _ o O0I98Re, [1 " 529} (2-11)
Re,
Re, = y\/E @12
14
2
R :k_ (2-13)
1Z3
c,°C,>C,»C,>C,,5kgm%kisd HHcEird 2-1 957 o
it £ 258 (energy equation)
0 0 ( ~
_ 4+ — h—F )=
o) 5 (en-F, )
0 o (o au, ou;
il +—\UuUp)l-p—F7. —L+5 2-14
6t(p) GXJ-( Jp) anj I 8Xj n ( )
He
Fo, @ #ug
S, R

2-3 B R i

R U R RS VAL S RN S SRSt | RPN SN

T

MRl FR o Ak ? R EERTAM N v E AT ARL A FR o T

N
=

AASER S EERMEARRER L FE Ak BE SR R 0 PR L
R o
I »vgdic B4 4R

A AT RAKTLE GRS o

p=0
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2. FHER
FEg K & & F# 0% ® (no-slip condition) e
U=0>V=0>W=0
- A T AMER R EESBFOER KT Ao T B R
A B 0 BT R LR A
k ¥2 ¢ P4 * near-wall model &J2
y' . Y <Yy
ut = (2-15)
&ln(Ey*) .Yy
#d5(2-15) ¢
ut: (u-u,)/u, u R S R
1
U, | R R . :(T—j
0
7
k : von Karman ¥ # » 0.4187 E: 255 k#9793
A Y il B P AR y;—%ln(Ey;)=0
3. E P Eagggh
& i & ©=3000rpm -
2-4 Large Eddy Simulation(LES)
LR E TR F kY o 0 T AT EEE L HRE .
Flut > v A% LES iR Bos kiR 0 T2 BTN o LES MnaE Y b g R
5~ % B (Large-scale)¥ =t 28 % & ( subgrid scale(SGS))= %4 o & LES

v m e s

11
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BERZEHFS o LESHI* iEini# (filtering process) k|4 imsv gk o]

Won o Wip2 I E (filtered variable) s &40 ;
P(X,t) = I¢(x',t)G(x,x’ﬁx’ G(x,x) & filter function (2-16)
D

filter function -/ ™ Z_&

1 A A
Z X——<X <X+5

G (x,x")= 2 (2-17)
0 otherwise

f1* filter function ¥+ Navier-Stokes * #2;% /g > B 7 {7 :

op 0 ( —

_t ui :0 _18
z 8xi('0 ) (2-18)
o(—\. & (—\_ o[ do;| 8P| 0z

(ot r = (puyu; === =HaL 2-19
at(pu')+axj(pu'u’) ax,.(”axj} o, o, (219

A2 R(2-197

Q

ij

o ou ou; || 2 au
= T &4 % 2 (stress tensor): o =|u — +— |- pu— o (2-20)
oX.  OX 370X

j i
T » < 1B &4 7 (subgrid-scale stress): t; Epruj—,ou_iu_j (2-21)

% 7 3 LES & A25% = 5 3Bk Si(close system) @ It 7 & #(2-21) 5 faficst

v peE o

1 —

7j —Erkk5ij =-24,Sij (2-22)

H §ij El %_,_au_l (2-23)
2{ 0x;  OX

1295 Smagorinsky #7#& 117 SGS #53¢ > SRR BER TR AR B T BN G

p=pL2s| (2-24)
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# o \§\E\/ﬁ B REERL T TARE

L, = min(kd,CV'"?) (2-25)
#(2-25)%" » k 5 vonKarman % # - d 3 E#E® 0L B > C, 5 smagorinsky
¥l -3 0.1-
2-5 Ffowcs Williams-Hawkings = 423 (FW-H = #25%)

FW-H = #2338 g d 3o 42 4258 12 2 Navier-Stokes = #2358 #r R ezt
B DA 2N F 71 HRERIE  BARERE M E e ERE o FU-H

SAERT LA AT R

Ly b
(2-26)
H o
TN N 92
U, " L4 G2 R E

ViaxGrwltziadasE
VR S5 A A SES A T A
a, : HHY

o(f) : Dirac function

H(f) : Heaviside function
p'EEH Y PHE(p =p-p,) > @ T 5 Lighthill B4 %€ » &x4oT 30
Ty =puu; +h; _aé(P_Po)5ij (2-27)

v

P, & & 455 & (compressive stress tensor) ° @ Stokesian in#87¥ 4 7 5

(2-28)

~ - Ou.
P, =Pg; —u{au' +—! 2 Uy 5“}

oX; 0% 30X
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AFV-H 2 B hBRAEY > $-BiemBPhg @ F 3 kpengd
Bt kP FiniEd o 528 L BEERE A BRI D HEAG P RS B
it e hii- FIAEBERE AL IBBFERES MR TE L B
oo FW-H = #4258 ez 41 * p o % B hGreen’s function £ B¢ ¢ 573
BRAEHBELE G F AL EREBEERYZ NG REROE A WA

AIERE R A G e R AT ER O BFAET AR L o

FEF IE A
p’(it)= P (;,t)Jr pL(;,t) (2-29)
Hoe
N ¢ lpeU,+Uy) pU, (M +a,(M, -M?))
47rpT(x,t)— fj_irz(l—Mrf }d8+fj_i Siomy ds
(2-30)
1 L, T, L,rM+a0M ~M?))
4 =— | | —————dS dsS
L[| b s L L sl
(2-31)
Ui :Vi+pﬁ(ui _Vi) (2-32)
L, = Pijﬁj +pui(un _Vn) (2-33)

i (2-30)2 0 (2-31) % e FE5L 5 hut BPERF (retarded time) ™ ehfg A 3E o
§ O ER AL R - KPP g BT R AR T AR
EAI B R A S B TR T Y R BT L B { 4

BEFHI R - S BPERF T T HELT

oD (2-34)
aO

tEARERET r i RS R T el o
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2-6 » £ i (dB > decibel):* ¥

P BFERNRRELZAL BB ELIAB cAREAL F- BHEK

CROHY HI RPA R RFES TR GEFETR R AR

BATe VRIETHE R o B AL B AT

#-33 = % (sound intensity level):

IL= lelogw{lLJ dB

ref

He:
| : #3 (sound intensity)

BB i+ 3 (sound pressure level):

ref

SPL=20x loglo[PiJ dB

He:
P" . % (sound pressure)

P

#-3-i ¥ (acoustic power):

LF,=10><log1{PPA j dB

A, ref

oft)
H ¢
a : ¥ # ,0.1
(I ;3

15

(2-35)

oo %% %3 (reference sound intensity) » I, =1x10""*(W/m?)

(2-36)

0 %% %R (reference pressure intensity) » P, =2x107(Pa)

(2-37)

(2-38)



PA,ref :

\\\Xr

% it £ (reference acoustic power) > P, =1x1072(W/m?)

BALEat BRI AR LT P ha L BT AR RApbe o AR B 40T

AT

N .
L. :10xlog10(210““0) dB

i=1

(2-39)
o

L, : &AL E

L % iBHEFSPPERSEFRLSLE

TS S 9 & 20Hz ) 20kHz 2 B o d 2t A B4
PR RORIEREIE TR RIII BT S ILE (TR

e Hop et R RS e SRR g B % e -

Ao - e B R

oo B G RLRH e G A S e 26 o 0 B 2 ARV e 5N

1.562339 f# 2.242881x10' f*
W, =10log| - Vs T
(£2+107.65265 ) f * +737.862237) (f2+20'5989972)2(f2+12194.222)2

(2-40)

W, : 4 f# & (dB)

f : -H:—F’]T &

4

BHT R et B 0 P fE AR SN A B R R dRT
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Cs2

Cs4

0.09

1.0 1.22

0.9

0.9

1.44

1.92

-0.33

*C,;=1.44 for pg >0 and is zero otherwise
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W, (dB)

-160

aal 1 P e | L P N |

10

10

10° 10° 10
frequency(Hz)
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3
i
el
g
=
A
N

3-1 $cid > 2
A d A Bl 2 KRR RN R R L kE 2 LR
R84 B et gt Fluent v 5358 T 5 o 1% 5 3% 4 72 (finite-volume) fp i* %

= & Navier-Stokes equations » 14 % 4 % * SIMPLE ;& & ;2 3+ 5 #£ & /i 32 PISO

C_glr

B R RS A PR BT AR B F M0 Lo e A2t

PR S Ao E — BB A G A A K0T 4o 31 ShE 0 3B A
7 "LREAE 2 0= 52 4258 (conservation equation) ¥ # 7 4o
jag;:’dv +> [(pp7-T, V) dA=[s,dv (3-1)
v ioa v

£ g5 ERAPM R T, 5 At A HORSHS Rom e -

NG-D)P - I BT 5N

IMde(pqﬁV)’;—(pw)‘;

(3-2)
; ot &
F3-1)¥ g = rR-H 4 = ¥ T8 (convection) 1 2 P47 38 (diffusion)
Z(p\w-_A’)j —Z(rﬁqﬁfA’)j =>'c,->'D, (3-3)
i i i i
PHoE * ¢ BT hE T TR kAT
Djzlﬂm[ fjl(¢P_¢N)+(§¢'A._ fjl§'dPN)j ] (3-4)
e £ 52 8PHS > doy 5 PEINZ SR T, 40 Sl o
%38 11 Upwind Scheme £J2 > 1345 (3-3)5  endn > Hinsm v d T 74 7 ¢
,F. >0
C,=F, & : (3-5)
Py ,F; <0
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F

Fj 5 i o jfog, D £ 40§ 3-3 #57 o

$$(3-1)¥ eh% = 38 5 K IRIE (source term)

J

- —

;= (ov- A,

S¢dV xS — SZ¢P

FELE (DRT ARG

apfp = Zanb w + S, + Bpde

nb

3, =Y a,+s,+B,
nb

B, = (V)" /&

23
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(3-7)

(3-8)

(3-9)

(3-10)



PISO #c it &
gk &3 4750

(D7 IFfEE > 4250

au;, = H(uI nb)+B u,P+sl+DP(PN”+—PN“_) (3-11)
H
( |nb) zanbul nb (3-12)

7 Dp (P, — Py )i 02t UG Ak RS PR Op/OX, 0 Dy b S e Gl 4]
3-4 -
@)F VF A A5
Bi—BY+ Y (p"u"A,)=0 (3-13)
i
U b RBEE G ff A D B R
573 £ (mass flwdl % BB A 0 TS e Ao
d (3-11)7 7 e 4
apu" = H(u, )+ B, +5:+ De(P - PY.) (3-14)
Be(3-14) 5 5 x B-13) R T HE RS S g

8Py =D 2Py +5, (3-15)

H e s % kiRIE(source term) & Bhig B u foul e #ic o
1 i i

2. (347842 ¢

(1)3 R+ & p# E (predictor term) :

a,u') = H(u®, )+ B, +s5, + D, (R - P)) (3-16)

I,

29 POLRIB BB @ ipaul) v d 2 2 G-14)@ 5] -
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8,02 = H{u{%, )+ B, +5,+ Dy (L)~ P)

(3-17)
BA RN AT 5
=>a,Pl +s (3-18)
nb" nb 1
nb
FRRER HPY s H s e gt B ul fouV st T @ B A P
ﬂfpu )+ r(3-17)3i+ & LN ) B
(3) ¢k 4 ig It 3+ B F# £ (additional corrector stage)
a,u%") = H(u) )+ BW?, +s, + D, (P - RY) (3-19)
q) — Zanb Pn(k?) + Sl (3-20)
nb

=123 58 EE% 0P g 2 Kl BRI qETY RS HKEfE

1719 Bl it 1 (8 o

PE R LT S R T A JTaiE R
1. & — 1B R P4 (time step) endp (& =2 #ic

A RS A E R A RS S

s

C; =X (Bids|-

oly < (4 % it) (3-21)

Y AfEILHEE > AT E L 0.001 o
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3-2 7 i 7 # 4 $2.(sliding mesh)

AL ARSI EBR I AER IR EWE HE PR AT N
BL % A i (7 o 4o 3-5 977 o

d B 3-57 0 172 R @ b ekl (vertex number) 4 W 5 1-6 L% 11-16
BLom ARRP CHBER LI TAh e T amET TR e K H A w L 1S5
2 6-10° i #EARY PR VAFEFR I HBEDEZRABFERERBE L E
AERABEFNETHHBE ) RIS EL CHBIER . g ABET a K ERRL
HALRECE RGO 2SI IR RE RS EABE T o Mh R
Pefp o ATl m dd et T LATH TR R @R G R & (1) 384 1
fe6z B Rhipd - 2183 (4) Rt 2fc64piaiee BT o)t 0@ b F -
BT EEBRB N IEM G I D RS Gk o

PURTRE R A R E 2 SN A S AR At 2 T B < 0 F R AR
BEE~ TR A RRBIDFIRERE 2 1> B @ EFRHEF AT RIE T
r/!)fi' o

3-3 RRER

4

R gAY R E RSP N R N E KRS R Tl
oo @ gt R EF IR AT N E BT et B i R 2 B R e ac ek e
R (A FENSR R L PR T e REL G R DRE -

- RV 2 5 i (structure) $ 1 £ 2254 (unstructured) $# 1 » 7 3
AL A2 RpARk > 27 b § DA R FER PR RET LG
Er,,g—r,,lf'zf»_:,‘:l';ga,:‘ TP Z N EF IR TN R S e fedlic e d
W AIEWE RSP hAAFRE A > R REPHRARIRSDRARY R
Bt o d NPT E BE P BRER S TR RN e AR
EAF s o R DRR ARG NIRRT EEYEEY LR

IR R FED B ORR
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A SR TR B2k Ak BREBEYRTE ﬁﬂébﬁé—fﬁiﬁh’]‘% » 4B
3-6 #T71 > BAh WP MBI PP LG RRAE LT L

MR R ETLGE AP E L P ERRHE -
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* Update properties.

l

Solve momentum equations.

l

Solve pressure-correction (continuity) equation.
Update pressure, face mass flow rate.

l

Solve energy, species, turbulence, and other
scalar equations.

=, Stop \

| Converged? |
. A

B 3-2 FEIAER
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Vertex mumber

Mesh black 1 i | o3 4 5 //

(1] © 2| <3 ° 4 T 5|7 6
11 12 13 14 15 16
] i 8 9 I
Mesh bloeck ‘Rh""""‘- Boundary number
- —_—
U (1)
1 2 3 ‘ 4‘ 5| 5‘
II". 11 V12 113 Y14 \15 \16 Lower mesh block moves,
\ \ \ \ \ \ distorting the mesh
e
U (2)
1 2 3 ‘ 4‘ 5 5‘
11 [J12 J13 14 [15 [16  The interface slides to
/ f / ! / f a new position
'I II |I { ll
— e
J 3
il £ ol Bl B gl o B g
i 11 17 13 14 15 16 Lower mesh block moves,
& i 8 g 10 teducing the distortion
—_—

(4)

B 3-5 A4 Efe i SR T LW
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AT BN FRR A T e T o B e BN R AL W T IR ek &
2 BH R E kg A T o

TR 417 o B e 5T BB B s vk B T
WO AR FAE o 2 E 0 2 R & SRR R 4 ]
42 #% o

d R TR EREE AT AR B2 N2tk o KT RS T PN

\4

SR ML R - B FEOT o F ARURE A TR E 0 2 R AR B
SR FOERSBAAL ARG KE R B B R TR ERE R BT
T NSRS AEE URAPEE - 2 SE

BlA4-3 o R T W3R AERGB2Z A B £ A5 THL 57
e B PiEB- BA G o B P amh Aty e P ER TR SR TiE S gt
B4 L0 BEZLIHMARBEHRINEROETR T A X e FER- BRER
Bgoo TEG Be A TR % g BT BRSO XA BRE B2 FXR
FARFE O OUEAL B2 Fefp s TR FI MR 2 P IR R 2L A

e oy G BEF o d 209 B M (5o 0 X=50mm i B AUl (7 3

BlA-4R s Tind2e CEREa D27 AR £5 CRErL i
E T AR B b o B R G T U AR LRI AAR R R~ > U R
SR BRI ER A Be DR EESE AR S 0 T Z=—150mm At
(7o ends (5 SE BRIV AT R AL 2 e BEIGY b SR & il
I TSN IR D e e ARG LB B R U TN IR

LY ) SE I
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4-1 4 50 E A8 R R A 7

BETE b RS 0 T € T R 0 SR BRI RS e
BT T o TSR B S 3000rpm B BR LR 0 BRER E G
989.33m* /hr > 4ok 4-1 #757 o B 4-5 | B 4-6 5 F # “T 48532 M (path line)
BURIBIA) » S BRI Y ¥ O BRI A B4 TR s e
oo HURARARS N DI RS o o TR MR R AT - PR RR) 2
Bohend it o A N RS @AY R RESME LN T S e o

Bl 4-TD B 4-11 580 TP ERA 2GR > BRI ERS &Gl & R
FIEE 7R RS A kiR N BEING RS FILRE DRSS F L RS
PRA RE IR AR RTA L 2 o LB BRI T g o h A
BABRFOEE MBS b S E NS BRI ES DR 4 R BE
BB il T g F)pt e e e B B EiE R AR R R A A 3
B4 AR o b 5 AR A SRR 0 T g b g
Uk BERoG 2R B9 L R G Ao B 40 o o

R A-12 3B 4-14 5 408 AP 38 AR o 57 LB o RR 4-12 ¢ 7 1o

1"&5} @”Tﬁ*mﬁ@ﬁr ’r*ajr:&'ﬁ;}}l» 3}}@“’11"?’7‘“:' 7‘\(71};—@1"4’\

“}Eﬂ Y

8 XHGA G -MAI3EMA-15 2 ERAGHREE R E W SEE EH
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BERAIHABAERE RN A R B 4-21 T 4-22 5 C

B A ERh BRF2Z M < B ARY F P G N R SR e
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R AP IRy AT A L iR o
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25REm A R S R b B el A T P REE D T e g T s 2 0 3R
BRI 0 FI R AT F R R A S > 2 (8RS T i
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FA-1HRHPDELE SEFHTL S

i% i& (rpm) W h#E(m’/hr)
EREt ) W) 3000 496.22
+ 3Rk % 3000 493.10
B b E 989.33
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2 Tde+03
261e+03
247e+03
233e+03
2.19e+03
206e+03
1.92e+03
1 78e+03
1 B5e+03
151e+03

1.37e+03
I 1.23e+03
1.10e+03

9 60e+02
8.23e+02
G .56e+02
549e+02
4 11e+02

2 Tde+02
1.37e+02 /\R
0.00e+00 Z

Fathlines Colored by Particle 1D

B 4-5 30 T I HITRT X R
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2.74e+03
2.61e+03
2.47e+03
2.33e+03
2.19e+03
2.06e+03
1.92e+03
1.78e+03
1.65e+03
1.51e+03

1.37e+03
I 1.23e+03
1.10e+03

9.60e+02
8.23e+02
6.86e+02
5.49e+02
4.11e+02
2.74e+02
1.37e+02
0.00e+00~

Pathlines Colored by Particle ID

Bl 4-6 4 9 TSI BT ST AR ]
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9.00e+01
B.GTe+01
4.22e+01
1 84e+01
-548e+00
-2 93e+01
-5.32e+01 BIRN R
7. 71e+01 NG
S1.01e+02
-1.25e+02
149e+02
-1.73e+02
-1 8Be+02
2. 20e+02
244e+02
-2 Bge+0?
292e+02
-3.16e+02

-340e+02
-3.63e+02 /\K<
-387e+02 Z

Contours of Static Pressure (pascal)
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M
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4.00e+01

6.61e+01

4.22e+01

1.84e+01

-5.48e+00
-2.93e+01
-5.32e+01
-7 1e+01
-1.01e+02
-1.28e+02
-1.49e+02
-1.73e+02
-1.96e+02
-2.20e+02
-244e+02
-2.68e+02
-2.92e+02
-3.16e+02
-3.40e+02
-3.63e+02
-3.87e+02

SRR SRR

Contours of Static Pressure (pascal)

9.00e+01
B.61e+01
4.22e+01
1.84+01
-5.48e+00
-2.93e+01
-5.32e+01
-7.71e+01
-1.01e+02
-1.25e+02
-1.48e+02
-1.73e+02
-1.9Be+02
-2.20e+02
-2.44e+02
-2 68e+02
-2.92e+02
-3.1Be+02
-3.40e+02
-3.63e+02
-3.87e+02

5N R

]

f 4-8 :h!r"_.

5N R

Contours of Static Pressure (pascal)

Bl 4-9 i T H B A A G 15 AR
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9 00e+01
651401
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o BEANHE BRI 5 E
5 48800 J ’,

2 830401 N
532401

7 71e+01

-1.071e+12
-1.25e+12
-1.45e+12
-1.73e+12
-1.96e+12
-2.20e+12
-2.44e+]2
-2 B3e+12
-2.92e+H)2
-3.16e+12
-3.40e+12
-3.63e+12 }{j

-3.57e+12

Contours of Static Pressure (pascal)

i AR BB

9.00e+01
B.61e+01
4.27e+01
1.84e+01
-5.48e+00
-2.83e+01
-5.32e+01
7.71e+01
-1.01e+02
-1.25e+02
-1.49e+02
-1.73e+02
-1.96e+02
-2.20e+02
-2.44e+02
-2 BBe+D02
-2.92e+02
-3.16e+02
-3.40e+02
-3.83e+02
-3.87e+02

Contours of Static Pressure (pascal)

Bl A-11 08 T4 b 2R 4 A 7 FriL F)
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9.00e+01
6.61e+01
4.22e+01
1.84e+01
-5.48e+00
-2.93e+M
-5.32e+01
-7 e+
-1.01e+02

-1.25e+02
-1.48e+02
-1.73e+02
-1.86e+02
-2.20e+02
-2.44e+02
-2.68e+02
-2.92e+02
-3.16e+02
-3.40e+02
-3.B3e+02y,

-3 87e+02
Contours of Stati

3.18e+01
3.02e+01
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2 70e+01
2 85e+01
2.39e+01
2.23e+01
2.07e+01
1.81e+01
1.75e+01
1.59e+01
1.43e+01
1.27e+01
1.11e+01
9. 55e+00
7.96e+00
6. 36e+00
4 T7e+00
3.18e+00
1.59e+00 X
0.00e+00
Contours of Yelo

]
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o
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city Magnitude (m/fs)
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3.74e+01
3.55e+01
3.36e+01
3.18e+01
2.99e+01
2.80e+01
2.62e+01
2.43e+01
2.24e+01
2.06e+01
1.87e+01
1.68e+01
1.50e+01
1.31e+01
1.12e+01
9.35e+00
7.48e+00
5.61e+00
3.74e+00
1.87e+00 Xj
3.48e-04
Velocity Vectors Colored By Velocity Magnitude (m/s)
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9.00e+01

G.61e+01

4.22e+01

1.84e+01

-5.48e+00
-2 93e+01
-5.32e+01
-7 1e+01
-1.01e+02
-1.25e+02
-1.49e+02
-1.73e+02
-1.96e+02
-2.20e+02
-2.44e+02
-2.68e+02
-2 92e+02
-3.168e+02
-3.40e+02
-3.63e+02
-3.87e+02

-

Contours of Static Pressure (pascal)

B 4-15 4"

3.18e+01
3.02e+01
2.86e+01
2.70e+01
2.55e+01
2.3%e+01
2.23e+M
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1.91e+01
1.78e+01
1.58e+01
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Contours of Yelocity Magnitude (m/fs)

Bl 4-16 # W EW B BEGEEALA T LR

49



T T"n' '1'? v
s
Tﬂw‘MWH
3748401 %f|% R
3.55e+01 1 k‘Hf*ﬁifﬁ**
3.36e+01 iﬁsﬁg i?ﬁ;#'@‘i
3186401 Nﬁlhﬂ,w
2.99e401 A
1" ¥l \\ R\
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4.00e+01
6.61e+01
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1.84e+01
-5.48e+00
-2.93e+01
-5.32e+01
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-1.01e+02
-1.25e+02
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Contours of Static Pressure (pascal)
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2.70e+01
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1.27e+01
1.11e+01
9.55e+00
7.96e+00
§.36e+00
4.77e+00
3.18e+00
1.59e+00
0.00e+00
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4.00e+01
6.61e+01
4.22e+01
1.84e+01
-5.48e+00
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