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In this paper, the results obtained from experimental measurements of average and turbulence quantities
of a turbulent rectangular impinging jet hitting a fixed wall are reported using the laser doppler
anemometry (LDA) method. The nozzle to plate distance is 10 times the nozzle width, and the tests are
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
experimental errors on average velocities, namely data sampling and residence time in measurement
volume. The results reveal that the previous stated correlation for prediction of the number of data
required for ensuring independence of the average flow variables on the number of the sampled data is
not sufficient by itself, and depending on the turbulence intensity of the flow, this correlation could
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] oljges (Gl 1 S

6o ST w5l Ok 50 397 se ) S Sl s)e slacbisl
b K s 02l 5 a3 3l sy a5 jsb los el ouds oolil
b Kz 310,18 4 (535 5 W)l 513 gy wlie b S e aliadons (9,0
e ol 5l 5l 50

slogin 5l chdz 9o @l Gelizd (pl jo eoliiul 3)90 55 s
Jsb a8 ol (l 2 See yw adlfe 93 Wil o0 o5 Casl @2 3900
3 $n S e Jsb g s 9 660 sl gy Sl b e e
5 9 a9 ;See D00 b il ad) ey 30 GgilS alold .l 1agili 785
0l dasgi b LS ol o 428,51 o 80 MHZ Lyl uilS )3
o el oad il TS 8,8 4 @lee 60-G1 Joe JLKw
e 81y 09790 (Sl KL3l0p (n Fer e g 2T 88 5l (Ko eaijle
el Jbw oz sbaglyr slJiSew 4 bape Slaalre
@y 4 Gl Gt glodae @ Cod oaiiby ol glacyje
Jel by Vb la Soasl 5 lace w50 by Sepm s pSojlul
5,5 0,51 200 MHZ b (5355 (gl JUSieus

cil Lo l38le 5 5l el by lojes &jgoar adsl slaesls
s S5 5 s S s sl el oad Julos Taesls
o5 alraly coll a5 eud solil gan 93 (Sigy Sl plralr
Alp pee ) lals cds ol 1) Slabl,y Gl lawg olKiws
5 o Solegil S oKiulej] jo laialesl ales .csl mmO.1
5 ol oSy 53 gdly Tabl, 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 5 (oo Suille wdito

G5 ojlail slallas R oob Ol g By Allin (pl pgo Bun ]
dLE} Cred g ol L.g).sfc)“..\jl L_gLezoolo slaws )l Ls""'L‘ 6L|a$ -
pr ‘5‘)4 Lg):fo)'bsl >0 dl:.o Q|)$ pa> QLo)‘ [WIRVY )'1 J..ab

ol 0,lgp0 4 azad] Co 095

SR LT Ol 9 Jlug -2
lyo)lsee & 0,55 olyz (2islojl Sl o)lsz sk AlHL S
3 e ol S5d g0 cdalin S opl o A jebles e oo lis
J5sS slo s cmins 0 38 comey el 350 o ez il sla s
QT L Co a5 Col L59_9| dmio (o> (699,95 JUB cbladl 35 (b >
(Wla,8 5 SIb 59,0 4 1y Sl 45) O L5l w5 0I5 g0 055
Oy @ ol g cal (50,5 50 atan S SO 0 ol el oas oSS
ololn Ssdie gy O Sl eyl S by bl
5 sn bl (S Sy 3,y o aliima 4y 5955 5| iy o] GFL S
ek JUIS Gk g5 o UK (glaSud dmio Giys dus ol 3B oy
Ja JEl ) ol ol 1555, (Said] 2l e 45
Ol (@3 e Sln gm0 99 9 b 93 ired O9d o0 camy Lawgs
LSS5l ol bl jalain; soe ay aiiy a5 o0l a8 )3 i o Co
S (o0 ygee el 93,8

o b JUIS S5 59,8 51 blaasl SSb 59,8 51 5l 32 5l o 2
5 oads Lol altizes 3,y 5 05 o ygee blusl 3o o sz sebiiuns
99 ;0 WS oo 3,95 abadore pl YL [0 sezge Cub Ambe A e
S8 o abaze Ges olaiel o Ol sl el 0,55 amin )b
obis Co o o)lae Gl oo iz 95 cpl b acwl sad ols
55 Jolo ozl

S el o ams co las | aliis awaie 4 by e olal -1 IS
ool o des 20kl Jlow o (295 JSb 2 @

15 GRocskes 200) J5b Looe il 10 (H) ol amio b 36 alols
[15] Sgw 5 Jyge 5l sidgin oobolp Dbl ol ol oads 4235 L
adse oilasel Sl i o5 wols las plasl el ad F O e
alols cpl )0 5y0pl 5l 0 S o Dyso HIEZ10 alols o s (s350s
ol 4] 0,95 5 i 10 Cr (55 10 s a5 il lebsl g5 oo
L):.Aleu.A 400) J)L; uoj.c ﬁ‘ﬁ 20 (L) o)|9g.~> o 0)9}).3 alhaso G
Uedg s aliims il slolyes il pae 5l lmebl ol alols oyl

Re= oo a4 oo & o 0y5n glyx o jalsn, oue
95 Ol bgie Cop Byxe Ujer 45 050 B yai Ujere /v
ol s  (Slodws - J U g (el JUK) 56

Py 0 Ol S spSoial eg g Jolie ol b 20 JSs
Sl by ol 5 esee a1y amy S Ll (g5 (s
sni bz oxm e gy 3l gy eatiSlan aliss 4 o5 ()50 A,k
Lses (5,0 4 gure ygly Gt g5 50l AT (g sk A gl oo oolaiul
bt 13105 ela s 4l ol 55 55 s oaill L 000 Jlw las b
&Sl p> b el les ,lg Ol JeKis oo a5 0gd o0 oSS
S 90 S9iS BT [0 0gd ce b0 (6,9 e ST Lwg a5
Sosleor slr g ood ounli Qliyz 4 (5350 Amivo 3508 S50 & i

! 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

e o gl._p)e Sgexo

Unis Jadxs 9 205 w0 02 = K15 6 38) b s yan Jaungi ©)l933 S &y Ghadaianne AiibT wa Yl 0lipd 399553 G2

S 1y Gaaz 0olo B s Hol8 i loj ol jo 08 oo (6 S L
Obey Se & Sl (See SBlsn cnlpegdle (ples 2 50 0)8 S w5
Fbon 55 oley ol o 48 sl anls S aesls JUml (sl oS e
o A5 Wigd co o Jole 90l s o glaosls o 4y 08
S gz sosls Wilgl 0y yloj pb 4 (gogumme jlws slale; jo
g5 4 L) 4l 5,50 so iz B 4l 5,500 10 sg00 5l ol (nl S
a5 sl olas [9] o)) Ken g glozgr 2014 Lo j0 05 oy (0l
) ks o) et gy sl @pSoill oy, sl
Soloyosls jo ati pl (0,8 0 e Bolal Dhge a4 (g o esls
wils 3l il gpToilail pr (pwsSae Sl gaad Oj50 & Wlgi oo
S S 3yl Shles o, ,5 a5 Sl il 4 4 b oasl
oobed dnloe (sl sl 35290 LIS (65 (e s g 5l Jal>
wolos 530 Sl pley Wb ol (Bl 5 baugie slacesS

110] 59 Jloe) loslone

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

000, 0) = f u; (@, Dg(@w(x — X[a, £])d? @

all space

&l pools b gla) @ adgl (Ko b o) cpaki e o Uj(@ALE) o 50

S GarlKe b b o)l e A S 0 0y8 WS o At 45 e

W(X) g o drwle X[A]) lagyT polral> oo b aijls jgim ol

OB o oIl w550 Skl o (S ez ln &5 (S &b

0,8 ud ) plej g rhg) S9bise O)ly e 403 & (Jloj g 009 X

Ol 3 a8 Sloy ci s 4 Lo g 039 dm (9 (Sg @b ol gd se Shgels
(@) alaly) ] (6505l wm s 955 18,8 JLS5 o ol oo 4o

V(x) = w(xNd3x' @)

all spaced

Solas (g,lo ool 3l asT Sloj a8 cewl oads o Lil (ogane a5 5o

&l 0gs Ll Slosle 4o 5l 0000 ;0 00,0 loj a5 5o il o

50, sleiian 1, B) alal, [16] o Sen 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 jlanl 0,90 I3 slaws g=g(@) 1 ,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 se |y dlaks Xy o S5 bawgio ety B,1) Latly, 528,5

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

lim > Z t)d
& am o Uijo t

vl (2 @

® 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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