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DEVIATION OF THERMAL ANEMOMETER SENSORS WLTH SAGGING WIRES
FROM THE COSINE LAW

I. L. Povkh, G. P. Eremin, UDC 533,6.08
and A. M. Novikov

The authors describe a calculation method and determine numerical values for the
influence of the sag of the measuring wire of a thermal anemometer sensor on the
deviation from a cosine law.

In determining the absolute magnitude of the velocity vector in three-dimensional flows
using thermal anemometer sensor wires one measures the magntiude of the effective component
of the flow velocity, which influences the heat tranfer between the wire and the flow. These
quantities are related by the cosine law [1]:

Vs = VcosS$. (L

When one allows for the influence of the longitudinal velocity component on the heat
transfer the cosine law takes the form [1]

Vy =V (cos?d + £2sin?8)'/% . (2)

These relations are derived on the assumption that the measuring wire of the thermal anemometer
sensor is straight. However, this condition does not hold in actual sensors. The deviation

of the measuring wire from the straight condition stems from technical causes in the sensor
manufacture, and also from the linear thermal expansion of the wire.

We now derive the relation between the magnitudes of the effective component and the flow
velocity vector for the case of a sagging wire, when the wire forms the arc of a circle. The
effective component of the velocity vector in the segment of arc QP of the measuring wire DQA
(Fig. 1) varies from V§: to Vga. The area of the filgure FIQP is

Srror = Sorr — Sopg- (3)
Using the notation
OP=0Q=r, (4)
we obtain
PF =V, ()
1 5, ) : 8, 8, :
SFTQP = -—2— \sﬂ (f + Vbt)z dd — ‘—2— (‘ r2dé = \S\ (TV{,{: + 7 ngz) dd. (6)
J
5, 8

1 1

The average value of the integrand is determined by the relation [2]

73
1 180 1
Vt o — 2 42 = ————— Vt —_ 2 2 dﬁ,
(I‘ ot T 9 Vst ’)cp (62 61).71 y <I’ of + 5 Vﬁt) (7)

Denoting the right side of Eq. (7) by I, we finally cbtain
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Fig. 1. Basic relative positions of the flow velocity vector
and the measuring wire of the thermal anemometer for various
angles o and ¢, if: a) @ >¢/2, 0 >90° —¢/2 b) ¢/2 < a <
90° —9/2; ¢) 90° —9/2 < a</2; d) a < 90° —9/2, a < 9/2,

Vs =(— rt 4 V- 20ty 2, (8)

We take the absolute value of the mean effective component of the velocity vector for a
curved measuring wire to be the absolute magnitude of the effective component of the velocity
vector for a straight measuring wire of the same length, if the heat transmitted by the two
wires is the same. For the basic cases of relative position of the flow velocity vector and
the measuring wire (Fig. 1), the quantity I is determined by the following expressions:

8 8,
j,— 180 vz{,-(j' YT (T — S8 db+ | Vl_—mdé)—l-
(Pﬂ} 0 0‘
5, + 6. . . B
+ Vi [(*i%_—SOZ)ﬂ (k2 4 1) — (sin 28, -} sin 26,) 5 ]} , (9)
6 _‘ .
I, = 180 Vi [r \ v 1— (1— k%) sin? & d6 - Vit [M (k2 -+ 1) — (sin 28, — sin 28,) k1 ]} (10)
g | 180 : 2
180 & o 5, _
Iy = Vt{r[( Vi—(—@sw§ds+ [ VI—(1—#)sin®d dd-+ [ VI—(Q—#)sin®d dé] +
P o 0 ’ 30
< — 2__1-
~|—Vt»[ (6”5“:8‘35 90V % k2 1) (sin 26, -+ sin 28 -t sin 26;) = - H (11)
180 ., ( & : o
I, = Vi ir .S V1—(1—#k¥)sin26 dé + S' VIi—(1—kY sm26d6]+
i & . 40
2
v [(58—69“1:5” ) T (k2 1 1) — (sin 265 — sin 28, — sin 26,0) f—QJ—]} (12)
where
8 = o - _‘;‘_ — 907, (13)
8, = 90° — o -+ %L, (14)
63:90"—&-—%—, (15)
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Fig. 2. Ratio of the effective component of the flow
velocity vector to its absolute value Vg/V as a func-
tion of the angle of attack o (deg) for circular arc~
shaped thermal anemometer wires with different central
angles ¢, and experimental results: 1) for o= 0°; 2)

for 9= 90°,
S0 —at . (16)
65:90°+a—%2_, an
8 = o+ —‘—';—~900, (18)
o0 B as)
68:90°—a_i;‘2_, (20)
8y =90° fa— P (21)
2
P, (22)

81 = 90° — ot P2

" Since the sensitivity factor of the measuring wire has a value 0 <X k <C 0.3, the integrals
in Egs. (9)-(12) are elliptic integrals of the second kind in Legendre form, for which numeri-

cal values are given in [3].

As can be seen from the relations (Fig. 2) calculated from Eqs. (8)-(22), a large sag in
the measuring wire of the thermal anemometer sensor leads to a considerable deviation from the
cosine law and to a reduction in sensitivity, which it is important to allow for in measuring
the velocity vector of three-dimensional flows. A certain amount of discrepancy between the
experimental results and the calculated curvea (Fig. 2) can be explained by the deviation of
the actual curved sensor wire from the arc of a circle.

NOTATION

V, absolute magnitude of the flow velocity vector; Vg, absolute magnitude of the effective
component of the flow velocity vector; «, angle of attack; &, angle between the flow velocity
vector and the normal to the wire; ¢, ¢i, ¢a, central angle of an arc of a circle; r, radius
of a circular arc; k, sensitivity factor of the sensor wire for the longitudinal velocity
component; S, area of the geometrical contours; t, time.
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DETERMINATION OF THE VELOCITY PROFILE OF A STREAM OF
NON-NEWTONIAN FLUID

K. B. Kann and V. N. Feklistov UDC 532.529,5+532,135

We describe a method for determining the velocity profile from measured values of
the flow rate in several pipes of various diameters.

The velocity distribution of a fluid over the cross section of a stream can be found
rather simply for a known law of flow, i.e., the dependence of the flow velocity on the shear
stress. Non-Newtonian fluids differ widely in their rheological behavior. The law of flow
is an empirical relation which must be sought separately for each case.

Kutateladze et al. [1] succeeded in separating a rather large subclass of non-Newtonian
fluids whose rheclogical behavior is fairly well described by the linear fluidity law

¢ = @ (1 -+ 7). D)

Smol'skii et al. [2] proposed to plot the velocity profile by graphical integration of
dw/dr = f(tg), which in turn can be obtained from the Mooney formula by graphical differentia-
tion of the experimental curve of the flow rate as a function of the wall friction stress.

The velocity profile for practically any non-~Newtonian fluid can be obtained by this method,
but it is rather complicated and not very accurate.

The existing methods of measuring flow velocities (photokinetic, electrodiffusion, fluoro-
scopic, etc.) are complicated both with respect to procedure and with respect to the apparatus
used.

We describe a simple method of plotting the velocity profile of the laminar flow of a
fluid in a ecircular pipe. This method is based on the fact that for the same longitudinal
pressure gradient the velocity curve in a channel of radius R; has the same shape as the por-
tion of the curve for r <X R; in a larger pipe of radius Rz (Fig. 1l). This conclusion follows
from p. 67 of [2].

If the mean flow velocities ﬁi in N pipes of radii rj; << R are measured for the same longi-
tudinal pressure gradiemt, the piecewise linear approximation of the curve (Fig. 2) leads to
the following relation for the velocity increment between the i-th and (i — 1)-th cross section
of the profile:

- 92 = 2
Wiri — Wi¥i—1

Aw; =~ 3 — 5
B ri By T
or
— . -
C o —wi (2)
Aw, e 3 — o — "
ﬁ{+’ﬁi+’1

where By = rj/ri-.. Then the true flow velocity w, at a distance rj from the pipe axis is
given by the sum
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