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Bevezetdéként az elsé eléadasokon a targyban felmertld alapveté

a)
b)
C)
d)
e)
f)

9)
h)
)

J)

K)

kérdésekrdl lesz szo:

Mit szeretnénk egyaltalan merni?

Mely mennyiségek mérésére alkalmas az aramlastechnikaban?

Miéert hasznaljunk épp lézeroptikai modszeren alapulé merestechnikat?
Miota lehet hasznalni?

Melyek az elényok / hatranyok?

Méréstechnika korlatai?

Mit merink?

Seeding / tracer problematika?

1D /2D /3D

Mit kell tudni a lézer fényforrasrol?

Mit kell tudni aramlastanbol?

Mit kell tudni optik&abdl?

Mit kell tudni kétfazisu aramlasokrol?

Mit kell tudni szemcsedinamikabol?

Mit kell tudni méréstechnikabdl? (adatgydijtés, -feldolgozas, -kiértekelés)
Mit kell tudni digitalis képalkotasrol? (kepfeldolgozas, kamera/objektiv)



Aramlasba juttatott részecskék
tipusok / méretek
A szallitdé kozegben valo viselkedés
,seeding / tracer” problemakor

POR - Dust:
size range: d=0,2 [um]
description: solid particles, produced by breaking or attrition, abrasion,

wearing of solid substances, perceptible to the eye, the diameter is larger than the
wave length of light.

FUST - Smoke (fume):

size range: d<1[um]

description: solid or liquid particles or droplets, originated from condensation
or chemical reaction, in most cases chain-like structures. Produced at combustion,
chemical processes etc.

KOD - Mist (fog):

size range: 0,1 <d =200 [um]

description: liquid droplets originated from steam condensation or by
atomization, spraying. The mist droplets and the saturated steam of that liquid are
In equilibrium state.
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a/x : atlagos relativ tavolsag

Let’s calculate the ¢ [kg/m°] mass concentration of n particles evenly distributed in a particle-gas
mixture having a volume of Vg.,. Let’s assume that each particle is sitting in the center of a cube.
(see Figure below).

The concentration can be calculated:
3 3

n.X ‘T X ‘T
C:Zmpzzmpzzvp'pp: 6 pp: 6 P
= 3 3
Vosp Voip Vo n-a a

where ¢ [kg/m®] mass concentration, a [m] average distance between particles, Pp [kg/m?] density of
particles, n is number of particles.

For the average relative distance (a/x) between neighboring particles in gas we get:

X 6-C S 4
| : : : _____________
c[g/m’] a N ai X@ : E
M [db/cm?] S S A S
10 47 350.000 | &~
1 101 35.000 hee-- e Lk
0.1 218 3.500 I S
Conclusion:

- In case of usual particle concentration values the particle-laden flows are very dilute mixtures.
(the distance between neighboring particles is very large).

- particles are present with very high number even in particle-gas mixtures having very low
concentration,



PARTICLES

Table 2. Particle response in turbulent flow (n = 0.99).

Po Gas Density  Viscosity fe dp
Particle (kg m=%) (10° Pa) ratio s v (m? s (kHz) Sk, (m)
TiO, 3500 Air 2950 1.50 x 103 1 00295 1.44
(300 K) 10 0.45
Al,O4 3970 Flame 20250 3.00 x 10— 1 00113 246
(1800 K) 10 0.78
Glass 2600 Air 2190 1.50 x 10-° 1 0.0342 167
(300 K) 10 0.53
Olive oil 970 Air 617 1.45 x 10~° 1 00645 3.09
(220 K) 10 0.98
Microballoon 100 Air 845 1.50 x 10-3 1 0.1742 850
(300 K) 10 2.69

the Stokes number Sk, a characteristic non-dimensional
frequency of the particle response. Sk is defined here as

Sk = (%)U2 d, 6)



PARTICLES

Table 3. Seeding particles in gas flows.

Light sheet
dp Pulse energy, w t
Maternial (um)  Laser pulse time (mm) (mm) Reference
TiIO, (M = 2.6, <1 Nd:-YAG 10 mJ, 20 ns 15 0.3 Reuss et al (1989)
p = 3500 kg m~3)
TiO2, ZrO-> 0.7-1 Nd:YAG 110mJ, 12 ns Paone et al (1996)
Al,O; (m=1.76, 0.3 Nd:-YAG 400 mJ 0.2 Muniz et al (1996)
p=3970kgm=3) 3 Nd-YAG 9 mJ, 6 ns Anderson et al (1996)
0.8 Ruby 20 ns 150 ] Krothapalli et al (1996)
Polycrystalline 30 Nd:-YAG 135 mJ, 6 ns Grant et al (1994)
Glass 30 Ruby 30 mJ, 30 ns Schmidt and Loffler (1993)
Oil smoke 1 Ruby 5J Stewart ef al (1996)
Corn oll 1-2 Nd:YAG 100 mJ Jakobsen et al (1994)
Oil 1-2 Nd:-YAG 120 mJ 04 Westerweel et al (1993)
Olive oil 1.06 Nd:-YAG 70 mJ, 16 ns 200 05 Hocker and Kompenhans (1991)
(m=147, Fischer (1994)

p =970 kg m~3) Raffel et al (1996)




PARTICLES

Table 4. Seeding particles in liquid flows.

Light sheet
CW power
dp or w t
Material (zem) Laser energy, time  (mm) (mm) Reference
TIO, 3 Nd:YAG Longmire and Alahyari (1994)
Al2O4 95 Ruby 2J,30ns 100 08 Liu et al (1991)
Conifer pollen 50-60 Arion 1-2W Westergaard ef al (1993)
(p = 1000 kg m~3) McCluskey et al (1995)
Gallagher and McEwan (1996)
Polymer 30 Ar ion 05-5W 0.5 Draad and Westerweel (1996)
(p = 1030 kg m—3) McCluskey et al (1996)
Phosphorescent 80 Ar ion 5W 1 Willert and Gharib (1991)
polymer
Fluorescent 50 Nd:YAG Hart (1996)
20 Cuvapour 45W 1 Roth et al (1995)
Polystyrene 500 Khoo et al (1992)
(p =1050 kgm™3) 15 Ruby 25md, 20 ns Zhang et al (1996)
Thermoplastic 6 Nd:YAG 50 2 Hassan ef al (1994)
(p = 1020 kg m~3)
Reflective 60 Ar ion 18 W Grant et al (1992)
(p =1010 kg m~3) 30 Ar ion 12-18 W 200 Grant and Wang (1994)
Metallic coated 4 Ar ion 2W 2 Magness et al (1993)
14 Ar ion 1 Johari et al (1996)
Microspheres <30 Ar ion Graham and Soria (1994)
(p =700 kg m—3)
H> bubbles Ar ion 1TW 0.3 Dieter et al (1994)




Stllyedeési sebesseg

1 T ‘ T 100

kY

Cu

[m/s] - 3 A
p p= 3000 Iglm Z 1 1

0,1 2500

2000 \
1500
N

0,01

1000

oyl

0,001

N

0,0001 \

h > ﬁff;ﬁ/,}Z}}Zﬁﬁﬁﬁﬁfﬁ:::::"iii

0,00001 \

10

Cu-tényezével
korrigalt w ; gorbék NGt
0,000001 NG

VA

0,0000001 F=:

/ \\\\~~ __—Cunningham-tényezé Cu (d ;)
0,00000001 — L ‘ ‘ ‘

0,01 0,1 1 10 100
Szemcseatmérs, d , [um]




Reynolds-szam

100

[Eny
o

Reynolds-szam, Re, [-]

0,1

0,01 E

0,001

0,0001

0,00001

0,000001 .

C— = 1 m/S

+

0,0001 m/s
w= 0,001 m/s
w= 0,01 m/s

= 0,1 m/s
w= 0,2 m/s
w= 0,5m/s
w= 0,8 m/s

w= 2m/s
w= 5m/s
w= 8 m/s
w=10 m/s
dp=1.54 mikron

0,01

Porszemcse atméré, d, [um]

100



Tehetetlenségi parameter (V') avagy a reszecske Stokes-szam (St,)
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Térfogat- ill. tdmegarany

Charatceristic parameters of the primary & secondary phase:
- carrier fluid (primary phase)
- seeding /tracer particles (secondary phase)

Volume ratio: -
4 o py [kg/m’]
v Upt P 800 1500 2500
o —»__6 _5 0,0001 | 1,3-10° | 6,710 | 4,0-10™
Py, a’  p, 0,001 | 1,310° | 6,710 | 4,010
- - . —8 . —9 . —9
Mass loading ratio: c 0,01 1310 16710 | 4010
c [gr;mgl 0.1 13107 | 6,7.10° | 4,010
M=_P_g Pr 1 1,310° | 6,7.107 | 4,010"
p 5 6 -6
Py Py 10 1,3-10 6,7-10 4,010
100 1,3.10* | 6,7:10° | 4,0-10°
M _Pp or %p _ Py
a, p, M p,
where: M Pglkg/m’]
Cp: particle mass concentration A
pg: density of gas (carrier phase) 00001 } 1310 | 1010 | 8310
- density of particle (material) 0.901 Lo19  | 1,009 | 8,30
Pp- yorp 0,01 1,3-10° | 1,0-10° | 8,3-10°
E;/mg] 01 1310% | 1.0-10% | 8.3-10°
1 1,3-10° | 1,0-10° | 8,3-10*
10 1,3:10% | 1,0-10% | 8,3:10°
100 1,3-20% | 1,0-10" | 8,3-10%




Térfogat- ill. tdmegarany

Témegarany, M [-]
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Teérfogatarany
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A részecskek hatasa a szallito kdzeg turbulenciajara
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Figure 2. Change in turbulent intensity as function of length scale ratio.




Ellenallastényezd képletek kozotti eltéres (w=0,1m/s, olajkdd levegbben)
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Ellenallastényezd képletek k6zotti elteres (w=0,001m/s, olajkdd levegbben)
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ONALLO FELADAT=2. ZH (30 pont )

Digitalis kép(par)régzites segitsegével végezzen optikai aramlasi sebességmeéreést!
Cél:

Egy folyadék, targy stb., akarmi adott térbeli pontjdnak a mozgasi sebességet kell
meghatarozni. + Hibaszamitassal.

A v(r,t) sebességvektor adott (minél rovidebb) At=t,-t, idGintervallumra vonatkozo
,pillanatnyi’ sebességének (valojaban ez a At alatti atlagsebesség) legalabb ket
komponensének (v,, v,) digitalis képfeldolgozas alapjan tértené meghatarozasa.

FONTOS:
Hibaszamitas = az adott térbeli ponthoz és At id6intervallumhoz
sebessegkomponensek mennyire pontosak (idében?, terben?)



