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Hot-Wire Anemome‘rer'

o i

Constant Current \2\ ‘éo @int Temperature
Anemometer (CCA) ?\Q ((/Q, &.Anemometer (CTA)
R o2 :
Wire current NS 0 Q‘ Wire temperature is
maintained con@ %\ maintained constant
v \)

. 3

Equilibrium wwe}@ Equilibrium wire current is a
IS a measure o (Iy C|ty measure of flow velocity
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Hot-Wire Anemometers

Energy balance equation for the hot wigein

equilibrium condition:
l/="wire- current

I 2 RW — h A(TW _Tf ) R, =Wire resistance

T\ = wire “temperature
T =temperature of flowing fluid

h=" ilm coefficient of heat transfer
A = heat - transfer area

v his mainly a functien of flewwelocity for a given fluid density.

k King’s 1 aw ‘ h:C0+C1N
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Measurement of Average velocity using
CTA in "Manual Balance” @@e
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Measurement of Average velocity using

CTA in "Manual Balance” Modg{fc\qn'l'd...
S
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Measurement of Average velocity using
CTA in "Manual Balance” Mod@fg\qmd...)

I.VL \%
?\‘\
T - -
N
el -
v For accurate WQKQ'& %u) hot-wire probe must be calibrated in the
fluid in which/it is t?ozh used.
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Measurement of Average Velocity using

CTA in "Manual Balance” Mod@fg\qmd...)
&
N

21'1

The calibration curve

T f 0 1
- RK should be a straight line.
=C, + CB\/@ W
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Measurement of Fluctuating Velocity

using Constant Current Ang\g{oﬁﬁer

v The current ca@}g@med constant at I, even if R, changes, since

R, >>R,.
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Measurement of Fluctuating Velocity
using Constant Current Anemometer

C wrren =0

e Electrical enetgy generatee—~¢tnergy lost
Ej’ f;;%ﬁi by convedtioh = gnergy stored in wire
—vz};: Z?I

Desrlancje Energy lost by ‘eonvection:

h W AT, ~ T, +2CAV it

-

f(V)=f(\, +v)=C,+C WV

~ f (V0)+ f ’(V Xv:v0 h=~ (C° X Cl\/\TO)—F (;iv

an ‘ C,+CAV = (C0 +C1\M)+ K.v

Vv,

k 12(R,, +1, )dt=A(T, =T,)C, + C,\V, + K v)dt = MCdT, M = mass of wire

C = specific heat of wire
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Measurement of Fluctuating Velocity
using Cons'ran’r Current Anemome'rer'

q I7R,, + 171, — A[K. (R, +£)-TJCr+C NV, +K )

dr,
tr dt

\\/.P\J— _, . Sa. 1:., _,f';%/\:\i/ﬂ\' AISO’ | 2RWO J A(K” RWO _Tf XCO + Cl\/\TO): O

ang the term containing the product r v of
two sSmall quantities can be neglected.

Voltage across R: IR, = URY + ()= E &Pe

l where,

e(s) Ir(s) IAK((K R ~T.) K K= -KAI(K, Rwo—T)
v(s)  v(s) 17— AKJE, +CyV, )-sK MC " L+st AK,(C,+C,\V, )~ 1
MCK,

T AK (C,+C WV, )-1
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Measurement of Fluctuating Va[ocu‘ry
usmg Cons'ram' Current Aneg{o eter

Frequency r,

1+ jot

&o@ﬁ

1+mr

Cut off frequency: gsm
%F §%ﬂz

1
%'\ .
v For turbule We have to add electrical dynamlc mpensation
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Electrical Dynamic Compensaé{ion
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Electrical Dynamic Compensa{uon
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Measurement of Fluctuating Veloci{y using
Constant Temperature Anemq&&e@er
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Measurement of Fluctuating Veloci{y using
Constant Temperature Anemqgﬁe%rgr

/P’ &jet‘t\‘i‘}’flcﬁf)vc'&ﬂe \/ Hefe, @ige balancing
tion}s made automatic

Ko §</ ying a feedback

&Q/Q" Q<<i2 a§a gement.

t;h\?\?pe %CQ O&uctuating components of
A\ \F current:

C) A.‘ : R+R, .

i, = i;

R\ eé‘*”l’& 2R+R +R,

N PR  R4R,

‘\&v‘ . = 2R+R+R
_‘____L,‘ xc'& w

E@ rical energy generated — energy lost
Energy balance GQ&E@’“ \)Q-by convection = energy stored in wire
(1, +i (R, +T, @@ Rﬁq ~TJc, +C.\WV, )=
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Measurement of Fluctuating Velocity using
Constant Temperature Anemometer

B bl e Energy balance equation:
- (1, +i F (R, +1,)2AIK (RiAr )-T, )€, +C,\V, )= MCK,, c;rt
[:}j] Initiak St€ady.sopditions
L IR = A(K.R, =T, )C,+CV, )

Ryo € To scope
§ and, the-termsicontaining product of two small

p R

RO e quabtities-are neglected, i.e.:

21 ir.vand i’(R,+r,)

r(s)_ K _ 1, -
i(s) 1+st 1+st-

21 R : The effect of velocity onr,:

K_ — m w0
AK(C, +C V= ‘ <
s M1 (el e K
= MERs ; v(s) 1+st ( v(s)  v(s) _1+SJ

FTAK(C + €N )T
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Measurement of Fluctuating Veloci{y using
Constant Temperature Anemqg&eérgr'
/.B idge thklim koge From theory of super:QQ é@ﬁ' total effect of

I, and v on

@%@M causes a bridge unbalance
R

" s

o, baikye encibolion commenk AV %%%/W )=—K,r(

From d.c. amplifier: (S §Q\
\5%

v~ Using these 4‘8&1@@ a block diagram representation can
be develo
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Measurement of Fluctuating Veloci{y using
Constant Temperature Anemomefer

Bri \
/ e &® Q
: & s
(B[oclﬁfl%gég an Representation:
<K&
At O
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Measurement of Fluctuating Velocity using
Constant Temperature Anemometer

V
Koje——
oy
R+REANMT % Iy
2R+R +R] 1+S:"T —>

The relation between input v andeutpute;

e,(s + ERKB.)
(Ke’ OR(m)'ZRIj RWRi R KV(S)] (%m21+ ) ) 1

KKbKaR/
eo (S) Kct . K _ Im T

’ A 1 T, =
v(s) 1+s . .
(s) T, {HK,( R+R, .KbKa} {1+K’( R+R, lebKa}

“\2R+R,+R, ) I “\2R+R,+R, ) I
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Measurement of Fluctuating Velocity using
Constant Temperature Anemometer

V
Koje—
R+REANMT % Iy
2R+R +R] 17 oc s
(KKbKaR/
|
e0((8)):1K“ ; Ka=- " D T, = :
V(s +5S
T, 14+ K R+R, .KbKa 1+ K’ R+R, .KbKa
2RAR +R YV | 2R+R, +R, ) |

v K, and 1 can be taken“as constants. This is because the term

containing the factor (ZR':FERJ also contains K, which is very

high.The fluctuations+n ~, are quite small and hence the factor

R+R
(2R+EW1R3J can beltaken as (1/2).
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Comparison of CCAs and CTAs

v The feedback type CTAs provide preferable solutiops;.compared to
CCA:s.

v In the CCAs, current must be set high, énough, to heat the wire
considerably above the fluid temperature,

.

v" A sudden drop in flow velqeity may cause the hot wire to burn out.

v The CTAs naturally overcomethisproblem, as the feedback
arrangement automatically sets the’wire current to maintain a safe and
desired wire tempekature, forevery velocity.

v" The time constantof the:CTAs, 7, is always much less than z, since an
amplifier with a'highgain K_ is used.
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