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Abstract M nor losses for oscillatihg flov n a ductwith sudden area change have been mnvestigated through non- Inear

theoretical analysg PIV measuranent and CFD smulatim The nfluence of phase difference between pressure and vebcity on
the m mor losses has been analyzed The results show that the res stance characteristic has a dependence an the phase difference

between pressure and velcity However this dependence is weakened as the non- linearity strengthens The CFD simu lation &

usefil for the flov characteristics analysis n oscillating flow.
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Fig 1 Two- dmensimal channelwith a sudden area change
’ , (2) ,
1 X (
5 )’ :
R D L 4S
L L Uou, u; 0
sp, = Q xu,| &, Ly Gikj___- Ju -—Jd&@+ (i—m 3
- q {A+A] QHfA ox | WTgy TViTgy N (3)
f _ $P1 s Al A s
U(12)Qlue e dy, A, , A, Ui, dic
dhe fsp :

L, L. ’
26 ”Lq# Lt fe (4

FLALy
we=Uy /A, (A>A), U bem Bl A f oL

b



7 RIR AR Cryogenics # 11#
, f;10nm = Uolls VO 9 ul + l_g Uo ] dAde
l (L1+L)Q§{|ulclu1] | wie [ 9 We I | wee
dhc
fvisc = dX
(Ll + Lr) Q | Ui | Uic -L h 3' 1 PN
(4)
, 2
’ 100mm @
1 00mm 80mm @1 00mm
f= , 3OHZ
ﬁlmlin+ fvisc f , 0 H][I], 10(hlﬂ l,
(D~ g;) LA ’ f -+ 100MN e 100mM
hr
,5@ /u (5) g £
et Qucja A % LY
5 (P1 /111) PgUiZ
7
2
8K, Fig 2 Sketch of the expermen tal apparatus
: “Re LI tanh(/iK / PCBI06B5 |
B P
2 /(K /2)) -1, L +L ’ (PV) 0
_f:fl(dhr/dhl)+ﬁa4/Ll) (6) ’ ’
, - 1+L L 15 R
£ £ 24 s
1 :f=30Hz [u, |U3m/s
= AL ’ 1 5 (P o M) O~ 360 45
5 (Pl /uy ) >
(2) ,
5 ul = 5\/1 ’
» Vi Pl s ’
Sui- Spi , ’
’ R/ ,
, PV CFD
’ ’ 32 PV
3 PN R A /A= 0. 8§
3 PN 5 (Plout /ulout) =

474 ,



0~ 360
0~ 360
0~ 360

Cryogen ics

IR RAE AR

12#

Tabh 1 Numerical canditions

A A,

lupy [/(m/s) 5 (P g /ug) /(b)

3m/s

08

8m /s

2 Mm/s

038

3(b)

02

B o y
2 > §45533as !
ool 2 = @ A (hZiinisif
2 2| & A N 2 “\ o B .
A N e e] . [a W) PR P i
) ) ~ [®)] m 0 \\ Vet i
o o v g~ ) =4 _m ‘M AEEtE oL
R _— t ‘! DY
- (<a) 1 o N m u Lttt N
I A A A P
~ | ” T E R N
~~ B N
m m M. P e
P
) & NIZIlL :
. o . : L Eeaetirg s
~ — ~~~ vA =l //?(‘I).l\\.\.l \
@ g o - A S S ANWU“?(!( N
8= S A LA A
Ve R — ~ D WA v . \
- — ) N “ S \
- L
= Ao o O ,
: |
o & |
= - [ ¥
o o m g = L
R I~ \ Iy
& ol
< 2 Iy
- rd
<+ . R A~ Fa
= N - i
= — < a8
—
8 - Q) v
o ~
2 s
= 18 £ L 5
] AT ] 2 a
- 7 I 8 E
" Y S, car et o o
iy AL 3
5 ~ / Aot 11 2 ~
= ; N = -
T8 i SN I -1 0
£ ,ma 2] A deth = ~
5E 5 —
C g =]
.Y/m.,:;'. &
eI ; = £ m, “
i S
Y P 8 m &
?.:__.\..Aduw._.\}u:-}...{ O/m M ‘WJ m o
e LD 48 = =
ke ] 2 3 =
N Q5 v
1 - 8 .
r2 e P R (5] m
1 i = -
1= (= g ~ m, A
1 — s+ e
ST ‘g
. o —
PEPEPEFEN EPEEFETIS PRI BRI P o o = s %
= = o =] =] = =) o =) =) n (@)
V) Ve <t o N o el <+ en N s !
wury X wu/ X <
80 S C
S 4 —

B U U UV



7 REFHA  Cryogenics # 13#
T P s
AN A _— k) PIV
W7 227NN 52
NAAUE 177 TTTNN o
&&Q\\\"“‘:‘N‘ 2mis v . T
G b g . i < 1B
SANNANARNN L B e e e a)jjl&’zﬁ]
CARNANR s 2 ‘
AR a2 L] 0o NN vy 52
R N O G I P e < R
AV TR A N R N o LA B 0.54
VANNNNNN S e ;
\\\\\\\\\\\H“,,/ju ‘o —
VA ey e £ 0.01
[OOSR NN :: .o S
RN 2 o
% e R & & (" WU, (- ——
el - -1.04

Fig 4 Tme averaged vebcity filed near the sudden change
area by CFD smubhtin and PV mearsurement
4.5 — T T T T T 1
I ) R
53.54 : = ;
El : ; :
: —m—PIV .
3.0q---mmmpemuncianed 0 CFD Beemeemgencnen
! i —O— Linear Theary  |: :
2.5 : f
-180 -90 0 90 180
P (PioufUiiow) ()
5
Fig 5 Outlet velocity canparismm betveen PV, CFD and
linear theory
5 1 1 8
, PV CFD
, PV
CFD
b 2
CFD PV ,
, 60,
5 ;
& Y, 5
5 CFD PIV
, CFD

Fig 6 Pressure and velbcity oscillaton atx= 0, y= 0 n

Fig 1
6 CFD

Re

5 (P lout /uluut)
7(c~d) 7(e~ f)
080201

(a~b)

iRe]

7(b) .,

1 1
f

1

7(a~ b)

Ac /A



# 144 IR BFAR Cryogen ics 7
3m /S 5 (P iowt Miat) 135b , 7(e) 7( 1)
1. 9954 ,
5 (fRe)) 168 503b
b 7(C b
~ ) ,
7(a) 7(b) , , ,
270 — —_—
] [~ s, i By
—o- At A B
1804
T
& 90-
6 B
: ol ~
-180 90 0 90 180 -180 -90 0 90 180
D (P Uy ) PPy fUioud(?)
e ) AIA=02 —m- 27mA, 30 1 dAA=02
C)AIANL = Un | ! ! ! : : ;
P o 2T g 254 D/RE\D/$
L) A A A S e - ANy, | ol L TS
rrrrrrrrrrrrrrrrrrrr o almsty (| L [Fem27me,,
_ &gl = €15- | —o=27mis 4, |
=
&
6K-,
4K =
= 180
PPy u)) P (Pt o))
4.2K _ I 4
) AAI=01 . [~m=5mist,, A1 [—m=Bmsi,, |
""" T o mis p ) DR S NN S = 1 O O S
40K s e — S
T O U T R T . S
o= O—— ] h ] ! ] G : ]
; ) ] : ] i (] ! b
ESSK'-/D\D-—;:kD/D € 2] :'>
| - S T SO N . '\- ° : :
R . N — -
717 . (RPN RUNSSE SRR SR SO O 3
— 64—
180  -90 0 90 180 —-180  -90 0 90 180
P (Pt Uoye)() PPy o/Uioud(*)
7 ALIA, [ugy, |
Fig7 fRe vs5 (P, fuy, ) BrdiferentA, A, |u, |
6 PV CFD
, CFD

CFD



7 ko A

Cryogenics

# 194

ING

90% ,
ING >

[1]

(1) ) [2]

~

[3]

ING , ING

[4]

(2) ING

) [5]

(3) [6]

ING , [7]

ING C ) :

(4) ING ;

b

. LNG
, 2009(2): 40- 40

s >

[J1. , 2001(6): 37- 41
[D].
, 2006
[1. , 2007, 36(5): 20- 22
Cryogenic vessels- Metods for perfomance evaluation
ofthemal nsubhton BSEN12213 1998
. LNG [ 1. ,
2002(2): 45- 48
[n. , 2001 52(10): 891-
894

( 14 )

[4]

[5]

[1] : [M]. [6]
, 2004
[2] SwiftGW. Themoacoustics A unifying perspective for

sane engines and refrigerators Sewickky PA: ASA
Pub lication, 2002

[3] Artur J Javorskj Mao X iacan Mao Xueruj et al En2

trance effects in the channels of the parallel plate stack
in oscillatory flow conditions[ J]. Expermental Themal
and Flud Science 2009, 33(3): 495- 502

ShiLei Yu Zhbin Artur J Javorskj et al Vortex Shed2
ding at he End ofParalkl- plate Themoacoustc Stack
in the Oscilhtory Flov Canditions[ C]. Pwaset 2009,

37 766- 773

Shilej Yu Zhbig Artur J Javorski Vortex shedd ng
flow pattems and their transitions in oscilhtory flows past
parallel- plate themoacoustic stacks[ J]. Expermental
Themaland Fuid Sciencg In Press Corrected Proof
Available o line 9 M arch 2010

YuZhbn Artur J Jaworski

ance and flow resistance on the power output capacity of

Inpact of acoustc mped

the regenerators n travelling- wave themoacoustic en2
gnes[J]. Energy Conversin and M anagement 2010,

51(2): 350- 359



