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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the results obtained from experimental measurements of average and turbulence quantities
Received 28 November 2016 of a turbulent rectangular impinging jet hitting a fixed wall are reported using the laser doppler
Accepted 14 January 2017 anemometry (LDA) method. The nozzle to plate distance is 10 times the nozzle width, and the tests are

Available Online 08 April 2017 repeated for three different Reynolds numbers, namely Re=3000, 6000 and 9000. The aim of the current

research was to investigate and compare flow in different Re and also to determine the two effective

Keywords: . . . . . .

,_aze, Doppler anemometry (LDA) experimental errors on average velocmes_, namely data sampllng and re§|d_ence time in measurement
Particle Image Velocimetry (PIV) volume. The results reveal that the previous stated correlation for prediction of the number of data
Turbulent Impinging Jet required for ensuring independence of the average flow variables on the number of the sampled data is

Residence Time

: not sufficient by itself, and depending on the turbulence intensity of the flow, this correlation could
Data Sampling

become ineffective. Further, in the present study, the residence time is used for calculation of average
velocities, and the results are compared with those obtained by particle image velocimetry (PIV)
method. The comparison shows good agreement between the results from LDA and PIV when
considering effect of residence time within the averaging equations in the former method. The results
show that the behavior and quantity of the dimensionless average velocities for various Reynolds
numbers are identical at most cross sections of the flow domain while the dimensionless turbulent
stresses have different quantities at different values of the Reynolds number.
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Fig. 1 a) Experimental setup [14] b) Jet impinging enclosure
0)lgs & i 3,55 abaisme (0 [14] alfiylej] ol e (Gl 1 S

S5 S nom w5l Ok 50 397se ) S 6o slacbisl
b S s 02l 5 4 3l sy a5 jsb los el oud oolil
b Kz 310,18 4 (535 5 W)l 513 gy e b S e aliadoes (9,0
e ol 5l 5l 50

slogin 5l chz 9o @l Gelizd (pl jo eoliiul 3)90 55 s
Jsb a5 ol ]yl See yw adlfe 93 Wil o0 o5 Canl @2 3900
3 $in S e Jsb g s 9 660 sl gy Sl bz e e
5 9 yag;See D00 b il ad) ey 3 GgilS alold .l 1agili 785
0oy dasgi b LS ol o 428,51 jo 80 MHZ Lyl uilS )3
o el oad il TS 8,8 4 gl 60-G1 Joe JLKw
e 81y 09790 Sl KL3l0p (n Fer e g 2T 88 5l (Ko eaijle
el Jhw oz sbaglyr slJiSen 4 bape Slaalre
@y @ Gl Gt glodae @ Cod oaiiby )l glacyje
Jelo by Vb la Soasl 5 lace w50 by Sepm s p5ojlul
5,5 0,51 200 MHZ b (5355 (gl JUSieus

cil Ll l38le 5 5l el by lojes &jgoar adsl slaesls
s S5 i s S s sl el oad Julos Taesls
S5 plrale Cobld & oad oslital sun 33 (SKeigiSI alraly
Alp peee ) glal cds ol 1) Slabl, Gl lawg olKiws
5 o Solegil S oKiulej] jo laialesl ales .casl mmO.1
5 ol olSiils 53 gdly Al pole 5 SLSe pwnige o ato

? Dantec Dynamics® FlowExplorer™

® Burst Spectrum Analyzer (BSA)

* Laboratory of industrial and human automation control, mechanical engineering and
computer science

4 o )lasis 17 093 1396 Hu5 (oo Suille wdito

G5 ojlail slallas R oob Ol g (Byre Allin (pl pgo Bun o
dLE} Cred g ol L.g).sfo)“..\jl L_gLezoolo slaws )l Ls""'L‘ 6”45 -
ol @lp @aSoilul pze o Blae Ol jeas ey Soe el

ol 0,0 4 azad] Co 095

PEL LT O i 9 blwg -2
[ o)lps & ca 9,95 by (2ol Sl o)lyzyb WL JSs
3 e ol Dgd g0 cdalin S opl o A jebles e oo lis
A lo s i 2 98 ey w0l G35 Ko (7 ilie sla s
Ol 4 Cor o Sl (Bl amio o (6895 JUI bl (330 >
(Wl )55 S 5950 4 1y Jlw 49) ©f (Glsb a9 WIS (o0 3595 »
Oy @ ol g Cal (50,5 50 atan S SO 0 ol el sas JuSas
oboln Ssdie gy 0 Sl eyl S by bl
g ge bl (Sl Sy 5,y o Aliiom 4y 55y 51 i ol GIFL S
hebs JUIS Gb oo o ISE (glaSd amio digs, aw ol SSU !
b JEl 51 Jols oz (31550 5 (Soadl (all s o5 oo
Ol (93 et Sln gm0 99 9 b 93 ired O9d o0 amy Lawg
b So 5l bz (Sl jalsn) sas 4 dey &5 oud a5 Sl 0 cr
S (o0 ygee el 3,8

cae b JUIS S5 09,0 5l bl SS90 51 bz Hgee 5 e &
g od (ol alaize 5l 5 S (o0 j5ee blucsl (3500 ;3 35790 (ilaitne
99 ;0 WS oo 3,95 abadore pl YL [0 sezge Cub Ambe A e
IR e abize Ges olisl 3 ol (Ql3l e 3,55 Ao Sl
obis Co o o)lae Sl Gl oo iz 95 cpl bl sad ols
255 Jeol> bl

S el o iams co las | aliis awaie 4 by e olal -1 IS
el oo 20l Jbow < (29> JSB 20 @

15 Grocskes 200) J5b Looe il 10 (H) ol amio b 36 alols
[15] Sy 5 Uyga 51 iy bl Dl cnl ol o i 5 ki
ailpe SLEzEl Gud ity oS ol olis oliyl ol 48 e
alols cpl )5 5,0l 5l 0 S 0 Dy HIEZ10 alols o cc s (s35as
ol aiad] 5,95 a8 j0 T (635 e Al a5 Sl bl g oo
ok 400) S (258 215 20 (L) o)lps & Co 993 alhime oo
o » abiizme iz slajlgs b pac ) liebl sl alols ool
ol 0ol a8 )5 JLa3 0 Lo (635 e Aho [, Cas pu

Re= oo @ oo & o 0y5n glyx o jalsn, oue
sz 50 obyz bege S Byme Ujer o5 09800 8,25 Ujere /v
sl Jlow (SSlors S U 5 (bt JUI) 3L

Py 0 Ol S sxSoilal eg g Jolie ol b 20 JSs
Se ol Gy ol e wesee LA Ty sam oL )5 e e
o0 Iz gz pa g5y 5l 55 oaiiSlaz a4 &5 ()5 Aol i
baze (59,0 4 (Fome gly SS9 90 ] 45 6ok 4 09 oo ool
bt L5 sl 4l ol 45 055 oo 0wl L 5 y5e Jlws lod b
SrSoiul oz b 4l ploa lalgs ol JSis Joxe oS 090 00 JSi5
b 90 (JgiS Guid )0 09 ge b0 ()58 sl Langs oS Cu
Gxsleez slp g oad 00l by 4 (535 0 Ao p d50e Sjgo 4 5y

! Beam splitter

94


file:///C:/Users/Desert%20Rose/dropbox/MME/Farvardin%2096/0409/Enew%20170409A%20B%20960101,%206,%209%20.docx%23_ENREF_15
file:///C:/Users/Desert%20Rose/dropbox/MME/Farvardin%2096/0409/Enew%20170409A%20B%20960101,%206,%209%20.docx%23_ENREF_14
file:///C:/Users/Desert%20Rose/dropbox/MME/Farvardin%2096/0409/Enew%20170409A%20B%20960101,%206,%209%20.docx%23_ENREF_14
https://dorl.net/dor/20.1001.1.10275940.1396.17.4.38.4
https://mme.modares.ac.ir/article-15-6659-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-18 ]

[ DOR: 20.1001.1.10275940.1396.17.4.38.4 ]

e o gl._p)e Sgexo

Unis Judoxs 9 20205 w00 02 = RIS 6 38) b s yan Jaungi ©)l93d S &y Ghdaiamne AiibT wa Yl 0lipd 39953 Gw) 2

S 1y Gz 0olo B e Hol8 i loj ol jo 08 oo (6 S v
Obey S & Sl (See KBl cnlpegdle (ples 2 50 0)8 S WS
Fon 55 oley ol o 48 sl als S aesls JUml (sl oS e
o A5 Wigd co o Jole g0l s o glaosls o 4y 08
S gz sosls Wilgl 0y o pb 4 (gogumme jlws slale; jo
g5 4 L) 4l 5,50 so iz B 4l 5,500 10 sg0m 51 b (nl S
a5 sl olas [9] o)) Ken g glozgr 2014 Jlo 0 05 o i (0l
) ks o) e gy sl @pSeill oy, sl
Soloyosls jo ati ol (0,8 0 Dyee Bolal Dge a4 (gl mesls
wils @3l Ll gpTeilail (e Sl gl Oj50 & Wlgi oo
S S 3y Shles o, ,5 a5 Sl il 4 axg b oasl
oobed dloe (sl sl 35290 LIS (65 (e e g 5l Jal>
wolos 53 s Sl pley Wb ol Bl 5 baugie slaceeS

110] 59 Jloe) loslone

39 <l Vo -4
obgy lawg @IS glad o 08 wS e i8S o b e
[16] 545 o dlore (1) alal, Lawgs X S0 50 ,L1s (65 oo o

o 00, 1) = f u; (@, Dg(@w(x — X[a, £])d? @

all space

&,loposls &b g(a) @ adgl e Lo, u,ue‘—l Cs pw Ui(a,t) UT »
S Gap S et b oyl jeam A lSe o 0yd WS e Lakie 4 Col
W(X) g o dwle X[AM]) lagyT polrail> lace b aijls jguim ol
OB )2 g pFojlail o 55 50 SLbl o (SasS > sl &5 S5 &b
0)d b )l by g (rby S9bise ly e 4 0)d AT (Gloj 5 009 X
Ol 5185 oy cin a4 Ly g 0092 dmy (9 (39 @b (nl g on gl
(2 AJaJ‘)) Sl Lgﬁfo)'l..x.ﬂ > ).31).3 NPW 4..3; Jl;i.;l > J.u.ll].u.l 5
V(x) = fff w(xNd3x' @)

all spaced

olas (g,l0 00l 31 asT Slo a8 cewl oads o Lil gogune a5 5o

&l 0gi Ll Sloloe 4o gl 0000 ;0 0050 loj a5 Ko il o

50,5 sleiian 1, B) alal, [16] S 5 292 JSKio ol 2,

g@w(x — X[a,t])d3a = uv

all space
N-1
S aen
n=0 (3)

by G Aty oz axly yo jUanl 0,90 1,3 slaws g=g(@) ol o

=~

-

J.Ia'.i)ol.g.d,w:‘ 6)50)]»-\)‘ l’°'75'>V3 ‘_g)b].umb uL") J}I@T w0, 3N qa>
@) Al 5| g oo |y dlas Xy o S5 bawgie ety B1) Latly, 528,5

25,5 dwle
1, = fff w(a,t)g(a)w(x — X[a, t]) d3a
all space
= uvy;
N1 En+Aty

lim > Z t)d
& am e Uijo t

el = @

® Residence time weighting

95

Beam Splitter ~ Sending lens

Mirror

@ Receiving lens

Photo detector

Fig. 2 Schematic of Laser Doppler Anemometry (LDA) process
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(v) for three different Reynolds number at a) the end of potential core
(y/H=0.4) b) near the impingement plate (y/H=0.95)
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