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ʅʝʢʦʪʦʨʳʝ ʪʠʧʳ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ*
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ʋʜʘʨʥʘʷ ʪʨʫʙʘ ʄʋʊ(ʚʘʨʠʘʥʪʳ)

ʈʄ ʈʊ ʈʄ+ʈʊ

1 ïɼʨʘʡʚʝʨ, 2 ïʆʪʩʝʢ ʩ ʛʘʟʦʤ ɸ(B), 3 ïʆʪʩʝʢ ʩ ʛʘʟʦʤ B(A) (ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʦʪʩʝʢ)

Mʋɺ< 6.7 g~2*104ʤ/ʩ2 Mʋɺ< 2

g~105ʤ/ʩ2

ʋɺ-ʫʜʘʨʥʘʷ

ʚʦʣʥʘ ɺʈ-ʚʦʣʥʘ ʨʘʟʨʝʞʝʥʠʷ
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ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ

ʐʣʠʨʝʥ-ʤʝʪʦʜ

(Schlieren Technique)

1 ïʧʝʨʝʜʘʶʱʘʷ ʯʘʩʪʴ; 2 ïʧʨʠʝʤʥʘʷ ʯʘʩʪʴ; 

3 ïʩʚʝʪʦʜʠʦʜ; 4 ïʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʢʘʤʝʨʘ 

1

2

3

4

6

5

ʈʘʩʩʝʷʥʠʝ ʄʠ

(Mie scattering)

1 - ʠʤʧʫʣʴʩʥʳʡ ʣʘʟʝʨ;  2 - ʩʚʝʪʦʚʦʡ ʠʤʧʫʣʴʩ; 3 - ʬʦʨʤʠʨʦʚʘʪʝʣʴ 

çʣʘʟʝʨʥʦʛʦ ʣʠʩʪʘè; 5 - ʚʭʦʜʥʘʷ ʜʠʘʬʨʘʛʤʘ; 4 - ʧʫʯʦʢ ʩʚʝʪʘ 

çʨʘʟʚʝʨʥʫʪʳʡ ʚ ʣʠʩʪè ʪʦʣʱʠʥʦʡ 1 ʤʤ; 6 - ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ
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ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ

LDA

(Laser Doppler Anemometer)

PIV

(Particle Image Velocimeter)

1 ïʜʚʫʭʠʤʧʫʣʴʩʥʳʡʣʘʟʝʨ; 2 - ʬʦʨʤʠʨʦʚʘʪʝʣʴçʣʘʟʝʨʥʦʛʦʣʠʩʪʘè; 3 ï

ʪʝʯʝʥʠʝʩ ʪʨʝʢʦʚʳʤʠʯʘʩʪʠʮʘʤʠ; 4 ï çʣʘʟʝʨʥʳʡʣʠʩʪè; 5 ï

ʠʟʤʝʨʠʪʝʣʴʥʳʡʦʙʲʝʤ; 6 ïʦʙʣʘʩʪʴʚʠʟʫʘʣʠʟʘʮʠʠ; 7 ïʨʝʛʠʩʪʨʠʨʫʶʱʘʷ

ʦʧʪʠʢʘ

V

t
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ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʥʘʯʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ

ʄʝʤʙʨʘʥʥʳʡ ɹʝʟʤʝʤʙʨʘʥʥʳʡ

(ʣʘʤʠʥʘʨʥʦʝ ʧʣʘʤʷ)

ʅʎʇ ʧʣʝʥʢʘ

(ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʘʷ)
çʄʳʣʴʥʘʷè ʧʣʝʥʢʘ

(ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ)
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ʌʦʨʤʳ ʥʘʯʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ(ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ)

ʢʨʘʩʥʳʡ ʮʚʝʪ ïʤʝʤʙʨʘʥʘ (~ 1 ʤʢʤ)

ʙʠʨʶʟʦʚʳʡ ʮʚʝʪ ïʥʝʪ ʤʝʤʙʨʘʥʳ (ʛʨʘʥʠʮʘ ʧʣʘʤʝʥʠ)
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ʇʦʩʪʘʥʦʚʢʘ 1. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈʄ (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=0.67

Air/SF6

ʆʜʥʦʤʦʜʦʚʳʝ

ʚʦʟʤʫʱʝʥʠʷ

h0 /l=0.14

Mʋɺ=1.2

ʠʟ ʣʝʛʢʦʛʦ 

ʚ ʪʷʞʝʣʦʝ
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ʈʝʟʫʣʴʪʘʪʳ 1. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈʄ (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=0.67

Air/SF6

ʆʜʥʦʤʦʜʦʚʳʝ

ʚʦʟʤʫʱʝʥʠʷ

h0/l=0.14

Mʋɺ=1.2

ʠʟ ʣʝʛʢʦʛʦ 

ʚ ʪʷʞʝʣʦʝ

FLAMENCO

Dt = 116 ʤʢʩ

ʚʦʟʜʫʭ

SF6

ʈʘʥʥʷʷ ʩʪʘʜʠʷ
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ʈʝʟʫʣʴʪʘʪʳ 1. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈʄ (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=0.67

Air/SF6

ʆʜʥʦʤʦʜʦʚʳʝ

ʚʦʟʤʫʱʝʥʠʷ

h0/l=0.14

Mʋɺ=1.2

ʠʟ ʣʝʛʢʦʛʦ 

ʚ ʪʷʞʝʣʦʝ

FLAMENCO

ʚʦʟʜʫʭ

SF6

ʇʦʟʜʥʷʷ ʩʪʘʜʠʷ
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ʇʦʩʪʘʥʦʚʢʘ 2. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈT (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=0.67

Air/SF6

ʆʜʥʦʤʦʜʦʚʳʝ

ʚʦʟʤʫʱʝʥʠʷ

h0 /l=0.14

ɺʦʣʥʘ

ʨʘʟʨʝʞʝʥʠʷ

ʠʟ ʪʷʞʝʣʦʛʦ ʚ

ʣʝʛʢʦʝ
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ʈʝʟʫʣʴʪʘʪʳ 2. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈT (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

ʌʦʢʫʩ

A=0.67

Air/SF6

ʆʜʥʦʤʦʜʦʚʳʝ

ʚʦʟʤʫʱʝʥʠʷ

h0/l=0.14

ɺʦʣʥʘ

ʨʘʟʨʝʞʝʥʠʷ

ʠʟ ʪʷʞʝʣʦʛʦ ʚ

ʣʝʛʢʦʝ

Dt = 116 ʤʢʩ

ʚʦʟʜʫʭ

SF6
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ʇʦʩʪʘʥʦʚʢʘ 3. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈT (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=0.67

Air/SF6

çʇʣʦʩʢʘʷè ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ

ɺʦʣʥʘ

ʨʘʟʨʝʞʝʥʠʷ

ʠʟ ʪʷʞʝʣʦʛʦ ʚ

ʣʝʛʢʦʝ
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ʈʝʟʫʣʴʪʘʪʳ 3. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈT (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=0.21

Air/ʉO2

ɺʦʣʥʘ

ʨʘʟʨʝʞʝʥʠʷ

ʚʦʟʜʫʭ

CO2

ʚʦʟʜʫʭ

SF6

ʌʦʢʫʩ

A=0.67

Air/SF6
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ʇʦʩʪʘʥʦʚʢʘ 4. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈT+ʂɻ (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=0.67

Air/SF6

çʇʣʦʩʢʘʷè

ɺʦʣʥʘ

ʨʘʟʨʝʞʝʥʠʷ

ʠʟ ʪʷʞʝʣʦʛʦ ʚ

ʣʝʛʢʦʝ

V - ʦʙʨʘʟʥʘʷ L- ʦʙʨʘʟʥʘʷ
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ʈʝʟʫʣʴʪʘʪʳ 4. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈT+ʂɻ (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

ɺʦʣʥʘ

ʨʘʟʨʝʞʝʥʠʷ

A=0.67

Air/SF6

ILES-TURMOIL
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ʈʝʟʫʣʴʪʘʪʳ 4. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈT+ʂɻ (ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=0.67

Air/SF6

V, L-ʦʙʨʘʟʥʘʷ 

ʛʨʘʥʠʮʳ

ɺʦʣʥʘ

ʨʘʟʨʝʞʝʥʠʷ

ʚʦʟʜʫʭ

CO2

ʚʦʟʜʫʭ

SF6
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ʇʦʩʪʘʥʦʚʢʘ 5. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈʄ (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=-0.45

3D

ʚʦʟʤʫʱʝʥʠʝ

h0 /l=1

Mʋɺ=1.23

ʠʟ ʪʷʞʝʣʦʛʦ 

ʚ ʣʝʛʢʦʝ

r2 < r1
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ʈʝʟʫʣʴʪʘʪʳ 5. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈM (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=-0.44

CO2

ʚʦʟʜʫʭ

SF6

T = 1.5 c0 

T + =
1.5 c + 2.6 

0 DT 
ʤʩ

T + 0 D dT  t+

ʤʢʩdt=116.27 
T + 0 D dT  t+ 2 T + 0 D dT  t+ 3

T + 0 D dT  t+ 4 T + 0 D dT  t+ 5 T + 0 D dT  t+ 6 T + 0 D dT  t+ 7 T + 0 D dT  t+ 8

ʋɺ

ʋɺ

ʋɺ

ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ

X

Mʋɺ=1.2

ʠʟ ʪʷʞʝʣʦʛʦ

ʚ ʣʝʛʢʦʝ

Dt = 116 ʤʢʩ

3D

ʊ

ʃ
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ʈʝʟʫʣʴʪʘʪʳ 5. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈM (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

CO2

ʚʦʟʜʫʭ

SF6

T + =
1.9 c + 6.3 

0 DT 
ʤʩ

T + 0 D dT  t+

ʤʢʩdt=116.27 
T + 0 D dT  t+ 2 T + 0 D dT  t+ 3 T + 0 D dT  t+ 4

T + 0 D dT  t+ 5 T + 0 D dT  t+ 6 T + 0 D dT  t+ 7

T + 0 D dT  t+ 8 T + 0 D dT  9 t+

X

A=-0.44

Mʋɺ=1.23

ʠʟ ʪʷʞʝʣʦʛʦ

ʚ ʣʝʛʢʦʝ

Dt = 116 ʤʢʩ

3D

ʊ

ʃ
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ʇʦʩʪʘʥʦʚʢʘ 6. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈʄ (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=-0.57

3D

ʚʦʟʤʫʱʝʥʠʝ

Mʋɺ=1.4

Mʋɺ=2.3

Mʋɺ=5.3

ʪʷʞʝʣʦʝ/ʣʝʛʢʦʝ/ʪʷʞʝʣʦʝ

r1 > r2 < r1
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ʈʝʟʫʣʴʪʘʪʳ 6. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈM (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

SF6

Mʋɺ=1.4 ʈʘʥʥʷʷ ʩʪʘʜʠʷ Mʋɺ=2.3

Dt = 20 ʤʢʩ

3D

ʃ

ʊ

Raptor

Mʋɺ=1.4 Mʋɺ=2.3
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ʈʝʟʫʣʴʪʘʪʳ 6. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈM (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

SF6

Mʋɺ=1.4 ʇʦʟʜʥʷʷ ʩʪʘʜʠʷ Mʋɺ=2.3

Dt = 20 ʤʢʩ

3D

ʃ

ʊ

Mʋɺ=1.4 Mʋɺ=2.3
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ʈʝʟʫʣʴʪʘʪʳ 6. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈM (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

SF6

ʈʘʥʥʷʷ ʩʪʘʜʠʷ ʇʦʟʜʥʷʷ ʩʪʘʜʠʷ

Mʋɺ=5.3

3D

ʃ

ʊ
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ʇʦʩʪʘʥʦʚʢʘ 7. ʅʝʫʩʪʦʡʯʠʚʦʩʪʠ ʈM ʠ ʈʊ, ʮʠʣʠʥʜʨʠʯʝʩʢʠ 

ʩʭʦʜʷʱʘʷʩʷ ʛʝʦʤʝʪʨʠʷ (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

A=-0.57

3D

ʚʦʟʤʫʱʝʥʠʝ

Mʋɺ=2.1 õ2.9

ʪʷʞʝʣʦʝ/ʣʝʛʢʦʝ/ʪʷʞʝʣʦʝ

r1 > r2 < r1
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ʈʝʟʫʣʴʪʘʪʳ 7. ʅʝʫʩʪʦʡʯʠʚʦʩʪʠ ʈMʠ ʈʊ, ʮʠʣʠʥʜʨʠʯʝʩʢʠ 

ʩʭʦʜʷʱʘʷʩʷ ʛʝʦʤʝʪʨʠʷ (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

t
3D

(t = 0..110 ʤʢʩ)

Dt = 10 ʤʢʩ

VAS2D
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ʈʝʟʫʣʴʪʘʪʳ 7. ʅʝʫʩʪʦʡʯʠʚʦʩʪʠ ʈMʠ ʈʊ, ʮʠʣʠʥʜʨʠʯʝʩʢʠ 

ʩʭʦʜʷʱʘʷʩʷ ʛʝʦʤʝʪʨʠʷ (ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʛʘʟʳ)

SF6

t3D

(t = 120..230 ʤʢʩ) 


