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Example Calculation

Consider Venturi Flow with a Gaseous Oxygen O, with
Measured Static Pressures p;, p,

P, 3000 kPa P, | | 2000kPa
D, |=| 08cm >\ p -l 04cm
25 °C i
T, | L Foye || oo
A="p>
4

e Part 2: Assuming Isentropic Flow .. Calculate the Massflow and Flow Velocity
Through Venturi at stations (1) and (2)

y= 1.4, Mw = 32.0 kg/kg-mol
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Compare results of compressible Venturi calculations to
values calculated using incompressible Venturi Equation

Massflow, V', V), o Assume T, =T,=25°C

Zi
%//\\\

2- (p1 Pz) 2 P (Pl — Pz) Incompressible Venturi

\p.[l_[ﬂrm AQV [l‘(ﬂ] Fnsations

p Base mcompresszble

Use Cd=0.95 for

calculations

VZ:
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* Check to see if Venturi is Choked

p, 3000, ..
p, 2000, \
y 1.4 = 1.89293
Y+ 1 |7 (14 + 1y (1a=1) Subcritical Flow!
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A r+l i
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e -(pl) / _(pz) ’
A2
})O N A 2 2 2 =
1 2 2
e '(pl)y _(pz)y
- A2 _
1.4 + 1 1.4 + 1
| 4
| 'l" 8 'l 1.4 ].4
L) 3000 - 2000
| ‘0.4°
| 4
( 0.8 --, 2/1.4 2/1.4
! = | 3000 - 2000
L 047
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* First Calculate Stagnation Pressure

Subcritical Flow:

Engineering

P

0

= 3041.89 kPa




UtahState INiechsnicsledhenospace)

UNIVERSITY . Engineering
Example Calculation

 Now Calculate Masstlow through Venturi

( 2 y+1
y < r+
m=A,- || 2 || L[ 22 | 22| | -
\ \y_l Rg .TO })0 E)
(2T ,, 05
: 104 - ] : ( ( Y . ERSRN
o4 24 (3041.89-10") 1, 2000 \<""% 2000 | 1.4 ||
0.95 | ||’l Jll 1 | ’ll | || 1000
00 L 14-17 | 83144612 | 3041.89° 13041.89 J |
| )| , (27315 + 25) | g
" " 37 / :
= 85.971 g/sec
5
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e Calculate Flow Velocities at station (1)

( ) | [... 141 ) 0.5  =0.140886
LA f f - '|| 'nl
M, = (LJ (&J ! —1ll= i. 2 i (3041.89, Y14
-1 | | J | .l -1
\V ’ P J) L 14a-17 l“ 3000 )
v R -T,
Vlel'\/y'Rg'leMl' y—gl — =
VHTM‘ 2
© 8314.4612 D.5| = 46.2772 m/sec
i 1.4 (273.15 + 25) :
| 32 |
0.1408 | |
1.4 =14 2
I ' 0.1408 |
\ Lo, ) )
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e Calculate Flow Velocities at station (2)

( ( r-1 Y ,. l.--- 1.4 -1 l N 0.5 = (.797752
| | —_— ,
M, = (LJ (QJ " _1l]= (2 | 304188 " 14 ]||
— N 11 } =T
\Vy ! \pz )) | 14-1"| ZL)OO' ]
R -T
Vz=M2-\/}'-Rg-T2=M2- y}’_gl =
VI+TM22
[ 8314.4612 B 0.5 = 247.429 | /.
114 (273.15 + 25) |
32
0.79??: :
1.4 = 1
o+ }o.mw‘z |
| \ Z J J
7
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e Calculate Massflow Using Incompressible Venturi Equations

. 2-p-(p,—p,)
m - AZ * r 2‘ -
-~ | . 0.5 = 108.509
| 3000-10 3| g/sec
| 2 (3000 - 2000) 10" |
| 8314.4612 |
| ] (25 + 273.15) |
[ ,04.%)m| 32 |
1095 — |- | 1000
N (04, |
| T=17" |
| 0.8 |
|,,_ |
8
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e Calculate Inlet Velocity Using Incompressible Venturi Equations

V = m =A2_ 2"(P1_P2)_ _
1 p-A A 1 [Azjz
"

0.5 = 58.677

| m/sec

3
¢ 0.4 2 (3000 - 2000) 10

|
|

|

|
L)
|

|

|

|
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0.8

3
3000 -10 "l I
) |

o
B

O
oo

8314.46

I,_, | |
| -
| |

| J

(25 + 273.15)

3£
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e Calculate Throat Velocity Using Incompressible Venturi
Equations

V. = m — 2'4(p1_p2)‘ —
2~ = 20
p-A, A,
i
1
0.5 = 234.708

m/sec

3
2 (3000 - 2000) 10

'4W4W
|
8

=

=

i'l

| |
-
I 1

(25 + 273.15) |

32
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Compressible vs. Incompressible Comparisons

Flow Stagnation Massflow Mach Flow Velocity
Conditions Pressure Calculation | Number

Compressible 3041.89 kPa 85.97 g/sec  0.1408 46.28 m/sec
Station 1 (inlet)

Station 2 - - 0.7878 247.43 m/sec
(throat)

Incompressible 3000 kPa 108.51g/sec  -- 58.68 m/sec
Station 1 (inlet)

Station 2 - - - 234.71 m/sec
(throat)

Quite a big! Difference!, Incompressible Equations
Significantly Overstimate massflow ~ 23%
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