ISME

[]

ardekani @irost.org


www.SID.ir

[]


www.SID.ir

CTA

mm

(Constant-Temperature Anemometer)

[ m
- kg/h
p
d K
Mesh
nvs nvs
Sensy flow
Sensy flow
()
Q=h.A5.(TW—Ta)=hA{—R”‘Raj ()
R«
Ty A h
a R, T Ry


www.SID.ir

L] ()

Nu=0-42Pr%%+0.57 Pro® Rre®®
T, =(T,+T,)/2

Ud/l p Re= Pr=pCp/k
Kk h
o)
Q=R,’
()

R, =hA(T, - T.)
RJ?=hzdI(T,- T,)=xINuk(T,- T,)
() () ()

_rlk

R,I° (R Rey(0.42Pr0210.57Pr 2= Re®)

a

RJ* = A+BU®
(R,—R)
' B A

A—042( gk j(—”c"jm
_0. -

R
B=O.57( gkl J[” Co Jm[p dJO'S
Roaa \ Kk H

a

[ ]
(E+e)>=E?*(t)= A+BU"(t)
E(t)

Nu=hd/k
d
Cp

()

A,B,n

u(®)


www.SID.ir

[+ Y<Re<

CTA

CTA

[ ]
Ri=(Ra.R)/R:

[ ]

RW = Ra(1+ a(rw _Ta))

/ n
m/s Re=
~ um
[ ]
[ um
CTA
CTA
Rs
E

E3(t)= A+BU"(t)

4p

L]


www.SID.ir

A

(v)

K = 61— f) ¥

(
(

—_ = ~ O ~

)

\/(Uz )2 \/(J1 )2


www.SID.ir

Ty —To)
(
[ ] °C
Tw
CTA
T, =

T

n= |

uo  E®
)
%
(T, —T)
(T, - To)
T,-T.)
T, - T,
T Ta []
/
T =
% °C


www.SID.ir

n=/
() n
T T 0.5(1+m)
[Tw _TaJ
(-)
mm mm
£ =051
£ =043
mm
(u) . )
U u
)

[

mm

]


www.SID.ir

mm

X= mm
m's
% £ =0.430.51
%
[ ]
%
%
% _%
%
mm mm
Hz
£ =0.43,0.51

U= nmnvs


www.SID.ir

=051
mm
mm
CTA

mm

mm

B =043

mm

[ =043

Sensy Flow


www.SID.ir

[]


www.SID.ir

m's % / [ =041
m's W/ %/

p =053 t
=041

[1] Miller, R. W., "Flow Measurment Engineering Hand Book", McGraw-Hill (1996).
I( ) n n ) ) [ ]

[3] Weiss, J, Knauss, H., and Wagner, S., "Method for the Determination of Frequency
Response and Signal to Noise Ratio for Constant-Temperature Hot-wire Anemometers’,
Review of Scientific Instruments., Vol. 72, Number 3, pp. 1904-1909 (2001).

L - o []

[5] Wieghardt, K. E. G., "On the Resistance of Screens’, Aeron. Quart. Vol. 4. pp. 186-192,
(1953).

[6] Dryden, H. L., and Schubauer, G. B., "The Use of Damping Screen for the Reduction of
Wind Tunnel Turbulence”, J. Aero. Sci, Vol. 14, pp. 221-228, (1947).

" C - - []
- ()

[8] Sherif, S. A., "On the Propagation of Random Errors of Constant-Temparature
Anemometers in Nonisothermal Flows®, Fluid Measurment, Vol. 22, pp. 75-86, (1997).

[9] Takagi. S., "A Hot-wire Anempmeter Compensated for Ambient Temperature Variatinns”,
J. Phys. E: Sci. Instr. Vol. 19, pp. 739-743, (1986).


www.SID.ir

[10] Kramers, H., "Heat Transfer from Spheres to Flowing Media*, Physica Vol. 12, pp. 61-
80, (1946).

[11] Bradshaw, P., "An Introduction to Turbulence and its Measurement. Pergamon Press’,
Oxford, (1971).

[12] Callis, D. C., and Williams, M. J., Two-dimensional Convection from Heated Wires at
Low Reynolds Numbers. J. Fluid Mech., Vol. 6, pp. 357-384, (1959).

| SRR

[15] Improved Temperature Correction in StreamWare. DANTEC DYNAMICS, Technical
Note of Dynamics, Publication No. TNO49909, P2, (2002).

[16] Kanevce, G., and Oka, S., "Correcting Hot-wire Reading for Influence of Fluid
Temperature Variations', DISA Info, No. 15, pp. 21-24, (1973).

[17] Swaminathan, M. K., Rankin, G. W.; and Sridhar, K., "A Note on the Response
Equations for Hot-wire Anemometry"”, ASME, J. Fludis Eng., Vol. 108, pp. 115-118,
(1986).


www.SID.ir

. Cp

2=0

RN

'c-c-b


www.SID.ir

R(09) 20 (1 C) oh Tw (C)
/ / /
/
/ / /
/

U(m/s) f K B d(mm) | |(mm) Mesh(1/mm)
10 | 0.560815 | 2.179516 | 0.435392 | 0.36 | 1.058333 24
10 | 0.659874 | 1.296564 | 0.513423 | 0.48 | 1.693333 15
20 0.60524 | 1.729883 | 0.435392 | 0.36 | 1.058333 24
20 | 0.702021 | 1.029083 | 0.513423 | 0.48 | 1.693333 15
30 |0.631045 | 1.511192 | 0.435392 | 0.36 | 1.058333 24
30 0.72567 | 0.898987 | 0.513423 | 0.48 | 1.693333 15

220 640 280
| / / \
heater‘/ hotwire/ pitot



www.SID.ir

Fan

|JI|JE fowe meter pitot twhe

N
S ]

E
R1. R2 j "x

n.!-'ﬂ-'-.!d-' %—'
pais Gy yis Branly publid 0assE Gy gl

ali3 1Sy ok
i“‘"/ S i i SR @SS
d'ﬂ;1ﬁhﬁwﬂ

%

(R3)

-—

CTA


www.SID.ir

4.5

35 /
3

< —e— hot-wire
W25 —=— hot-film
<
2 4
15
14 . T
0 5 10 15 20 25 30 35
U(m/s)
25
20 -
<
15 4
2 ¢ hot-wire
®  hot-film
10 -
L Linear (hot-film)
Linear (hot-w ire)
5
— —— v
0
2 3 4 5

UN0.45 (m/s)"0.45



www.SID.ir

U (% Error)

150

50 4

-100

100 |

50 |

0 10 20

—e—n=0, m=-1.0
—=—n=0.3, m=-04
n=0.5, m=0.0
—o—n=0.6, m=0.2
—0—n=0.625,m=0.25
——n=0.65, m=0.3
——n=0.7, m=04
—— m=1.0

Fluid Temperature (°C)

(Tr: C y TW: ’

o)

U (% Error)

150

100 \

——n=0, m=1.0
—8—n=0.3, m=0.4
——n=0.35, m=0.3
—0—n=0.375,m=0.25
——n=0.4, m=0.2
n=0.5, m=0.0
——n=0.7, m=-04
——n=1.0, m=-1.0

-100
Fluid Temperature (°C)

(TI’: C 1 TW: ’

o) °


www.SID.ir

1.2

—— B:_’]_
2 —m— B=0.43
—x— B=0.53
0.8
0.7
0.6
0 30 60 90 120 150
X (mm)
(U= mls)
25
20 \
~ 15 —o— (=1
S
=)
" 10 — = p=0.43
5 | —%—B=0.51
0 ; ; ; ;
0 30 60 90 120 150
X (mm)
(U= m/s)



www.SID.ir

p=1

* K KX X —* =043

—% pB=0.51 |

u(m/s)

(x=" mm)

turbulance correction factor

1.16

1.14

112 /
11

108 <
1.06
1.04 /'/

1.02

1 T T T T T
0] 10 20 30 40 50 60

percentage turbulance intensity



www.SID.ir

[ ]

0.2
0 : : : : :
0 0.1 0.2 0.3 0.4 0.5 0.6
Y/D
(U= " mls,x= mm)
12
10 A
8 4
——fB=1
S 6 —a—B=051
o —A—B=0.43
© 4
2 .\L\'
A\H
—A
O T T T T T T
0 5 10 15 20 25 30 35

U (m/s)

(x=

mm)



www.SID.ir

Tu(%)

0.3 0.4 0.5 0.6

Y/D

0.2

(x=__mm)

3.5

25
E(V

V),

15

0.5

T T T

400 600 800
m' (kg/h)

1000



www.SID.ir

Abstract

Optimization of fluid systems requires flowmetry. Various flow measurement methods are
used such as differential (pressure difference), linear (ultrasonic, vortex shedding) and non-
linear (hot-wire/or hot-film). Each method has its own merits and demerits. The advantages of
hot-wire or hot-film anemometry are high accuracy, ability to measure low flow rates, wide
measurement range, and low pressure drop. This type of flow meter consists of a sensor,
electronic circuits, software and various mechanical parts such as tube, screen and honeycomb
for obtaining a uniform air flow. In this paper the calibration curves for hot-wire and hot-film
sensors have been compared, and suitable sensors for flow meter applications have been
selected. The effect of type of screen on the uniform air flow and reduction of air turbulence
has been discussed, and suitable sensor position has been determined. The effects of
temperature on the sensor calibration and the required factor for the correction of the
temperature effects have been presented. Calibration of the flow meter has been given for
completion of the paper.
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