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I. THEORETICAL AND DESIGN CONSIDERATION S

The characteristic of thermistors which makes them

usefu l for measuring f lu id  velocit ies is their  large negative
temperature coefficient of resistance, which can be as high
as -5.8 percent/degree centigrade at room temperature, com-
pared to 0.30 percent/degree centigrade for platinum (refer-

ence 1). A thermistor immersed in a stationary fluid can be

heated by means of a current to a temperature higher than
its surroundings. Thus It will lose heat by steady-state

convection . When a thermistor is exposed to a moving stream

of fluid, it loses further heat by forced convection. The

temperature of the thermistor and hence its resistance depends

on the fluid velocity and temperature as well as the heating

current. Assuming a constant ambient fluid temperature, a

relationship exists between the fluid velocity and the

voltage across the thermistor.

The velocity can be determined by either maintaining

the thermistor at constant temperature and adjusting the
current, or by heating the thermistor with a constant current
and measuring the voltage drop in the thermistor circuit.

For fast response, constant-temperature operation is superior

because it diminishes the effect of time lags caused by the

thermistor (reference 2). Current required for constant-

temperature operation can be adjusted wi th appropriate feed-

back amplifiers, and the ad jus tment  may be read out as a
cnanoe In bridge vo 1ta~ e.

Cons ider tno  co n s t a n t - t e m p e r a t u r e  operat ion , the
power supplied to the  t h e r m i s t o r  can he expressed as:

(1)

—

1
~~~ ~~~~~~~~~
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VT = 1 .Lr~~~cto~ vct~ a

• 
~~~~~~~~~ 01 ~‘ l s t auce

In con~ tai t - t e n p e r a L u r e  operat ion , }~~ is constant
and VT can ne mea~u x t~d. ?:do power Is diu~ tpated in the form

of heat and carrl.od •cway ~y ~;ne mo v in  stream . Therefore,

an energy-balance equatioi~ can be writtcn as

V 2
T

= ‘
~~ c ~~ l~ — 

~ a

wh ere
= ccnvo t~~v~ ceat transter coefficient

C

A = thernilutor surface—area

TT = n~r i I .~~or ho r T p c ratu r e
= ambient  - i ’lu ih  temperature

If tue  e rm lsto r  t empera tu re  d i s t r i b u t I o n  is
casumed to be un~. iorm and constant , its res is tance can be
determined using data supplies by the manufacturer. Because

the ambient-fluid temperature and the surface area of the

t he rmi s to r  are known , h only must be determineS .

Consi ier1r~ the  t h e r mi s t o r  as a sphere , an expression
inv o lv In ,~ for ’ hcyn~~i 1o  numbers  less than 2000 can be
w r ’~~t t c r j  (reference •)

h d
= O • + ~~~ ~~~~~~~~~~ (

~
)

I = ~.( u I ~ rn •i :LrH2 ~
— 10_ u t i n  C — C  u 1 I C t ,  ~. 1

J r , = hi

• VS
- i S~ : • - •

1• 0

V •VV - - .- -_ _ _ _ _ _ _ _ _ _ _ _ _ _
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p -= f l u i d  - i c r i u l t y

) V = fls~ - i .

S = thermistor diarcuter

= f l u id  V L S C C U i t ~,

Equation ~ solved in terms of h
~ 

yields ,

= A + B ( ‘ i)

and substituting equation ~‘ In equatIon 1 y Le~~Iis

VT = L(c  ÷ D ~ V) ( j ~~~~A T ) ° 5  ( - v)

using AT for  the  t empera tu re  ~1h f e r e t i c e  Le t  ween the  t i e  r mi st or

ani the  f l u i d .

R,r and AT are c o ns t a t i t s  in a cons t an t teu~p e ra tcr ’ ’
mode of operation, and the vo lt -a s~e Is propor t i onal to  the
one- four th  powe r of the v e l o c i ty  In the Heynolds number r a n ’ e
considered. Therefore , VT can be inc reased at con s t a n t
ve loc i ty  by increasing RT or AT. Howeve r , th e y  cannot be

increased simultaneously, because an Increase In R.~ will cause
AT to decrease due to the prope i~ ie s of t }ie rmI st s r s . ‘he
relationship between the  resis tance and t e m p e r a t u r e  of a
thermistor may be expressed as (rel’erence 1):

R(T) 1 1
R(TQ) 

exp - r~~ )

~i r  ere
h(T) r e s t u t a n c e  a t. t~~r~ - t c t  re T

i c s i s tanse  at  t emp * :t - a t i i e  T0
V 

- — a l on st al t oh t h e  r~~d r ~~a]

The te st operat no p o i n t  u a h :-r:J :~ or ‘at.

~~‘ : r d — — t h a t  i s , t u e  l a t est  v o 1 t a ~~e Ia n  l i ’  o~~l~ l~~n , o  h o t  a

~
vert veloI :i t v h ; u h s Y t i t - h o  f o r  F , , n ~ q i a 1 1 u i  5, s

O f k r ash ~~~~~~~. ‘1h~_ r’_ -: _ ~1 t ho l O j f l t  ~on3t iI ~ - -
~~~~

‘
~~~~~ ‘

1T and TT can be dtfl’erei t l a t e d  to I t o  a n u x i n rr. L •

TtO ~ se ts the  bes t  up~ r at  In , - p o i n t  o~ h e t h u t r :  1:3 ’ or ’ . ~~~~
Ippro pr5 rl t.e vai r s  for  the  v a r iou s  ~~ a i i ~~~t l e o  In  e - l t u I ’ ~ ut

I:
V 

~~~~~~~~~~~~~ 

-
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5 and L , a temperature dIfference of’ 50~F between t h e
thermistor and the water yields a max~mum VT.

For the velocity probe developed at Davidson

Laboratory, equation 5 can be used for velocities up to J4.5

feet per second. Figure 10 shows the solution of VT as a
function of velocity obtained from these theoretical consider-

ations using appropriate values for the various quantities.

The shape of the curve and the order of magnitude of tire

voltage are In agreemen t with our previou s experimental

experienc e (reference 2). To extend measurements beyond this

region, a 1aiowledge of heat transfer from spheres in the range
of Reynolds numbers of Interest and an experimental program

of testing are necessary .

The use of thermistors as fluid velocity meters has

t een tried by others as well as Davidson Laboratory with

moderate success (reference 2 ) .  At present , the  main d i f f i -
3 l r l t i e s  encountere d in t h e i r  use are :

(a) Their Inherent nonlinearity--the signal produced
by a thermistor is a function of the velocity
to the one-fourth power, depending on forced
convective heat transfer and flow regime.

(b) Their sensitivity to ambient temperatures
(reference ~)--an intrinsic property of’ t~.e
device.

(c) Their interaction with a conductin,; fluid--
supplying electrical power to a thermistor
in sea water requires either insulatino t o e
thermistor to prevent electrolysis ox ’ t r i o  x s o
of alternating currents.

(d )  Their  general insensitivity to f l o w  - I l  root on
( r e fe rence  5) - -th e  coo 1in,~ c h I c  .t t  01 t I e  h i t
ve loc i ty  is general ly  hi l e p e t i  I~ n1 01 Ut ci- —
mtstor ’s ori entation.

(e) Their ten ~ency to chan u In c l a r a ~~ c r 5
Siring use. (T~ Is Is a r’ bIo ’tr oh 0 ~5 — wI u’
anemornetry also).

I) Their phys t .al ? r a V  I I I

‘1
- .V~~~,;. - -



However , c k > n t t n u i n g  ef f o r t s  to e l iminate  these
d i f f i c u l t i e s  have met w i t h  modera te  su ccess  and may be sum-
marized as fo l lows :

(a)  The inherent nonl inear i ty  in the thermistor
response can be c ompensated fo r  by appropriate
electronic c i r cu i t ry. A diode linearizing
( reference 5) circuI t  can be used to r e c t ify
the thermistor  response or a nonlinear ampli f ier
can be used to compensat e the thermistor’ non-
linearity or both may be used together. In
addition , the thermis tor  can be operated over
a l imited linear range.

(b )  Correct ions  fo r  ambient temperature can be
achieved by using a second thermis tor  to measure
the f l u i d  tempera ture  near the ve loc i ty  ther-
mistor , whose response at various ambient tem-
peratures  under a constan t operating temperature
can be determined by ca l ib ra t ion.

( c )  The the rmisto r  can be shie lded t rom a conduct ing
f lu id  by coating the  mater ia l  wi th  a t h in  layer
of glass at a cost In response time or sensitiv-
ity or bo th .  Time constants  less than one second
and resolutions of 0.01 ft/sec at low velocities
liave already been achieved In water ’ .

(d)  Di rection sensing array s of thermis tors  can
be designed. This has been tried in air and
in water to a very l imited extent  ( references 5.
6, and 7).

(e) Changes in thermistor cha rac t er i s t i c s  due to
changes in the t he rmis to r  i tse l f  whi le  in
operation can be avoided by proper seasoning of
the the rmis to r  ( r e f e r e n c e  1) . Changes caused
by deposition of material from sea water on the
surface  01 the t h e r m i st o r  can be r ’educed b y a
f lush ing  or cleanin~ de v i c e  on toe seusor.

( i’) J’h :,’sI tal  f r ag i l i t y  can l e  tu cr ’ease d by s tr r c t u r al
i i ’ ~~5 I , ;n.

rr~ler .eschr,t h~~~I ’ : 1 S t . t o , i o : - p I t - ’c • i ~r . .~~lop ment I i  f ’ f ’ i —
c ’il iou , can h~ rd ta t  1 e t i u l l vuloc !  ty  m o t e  u s ,  ruo tmi r l ,; in

a te : ‘h e  r~~J e I I  l i e  I by • t O  ho ’ -ire in air.

5 .
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II .  BACKG HOUI\JD

Davidson Laboratory has developed a thermistor’
veloci ty  meter  to measure b It t  ~r n v e l o c i t i e s  under ocean swell
(Fi ”ures 1 and 2), which has been used successfully to measure
f luc tua t ing  velocit ies up to 0.2 ft/sec peak and has wi ths tood
several days of in termi t ten t  operation in water  depths of up
to f o r t y  f e e t .  Deposits on the the rmis to r  surface during
this time did not appear, and handling the probes required

only those precautions normally associated with a fragile

Inst rument .

The voltage outpu t from the thermis tor  has been
amplif ied, l inear ized, and written out using the  c i rcui t
shown in Figure 3. Diode linearizing circuits have also been
designed but have not yet been tested. Figure 3 shows a
typical  diode c i rcu i t .  These l inearizing circui ts  have been
designed ( reference 5) for  veloci t ies  in the range of interest
and can be made to linearize an inpu t as accurately as desired
by dividing the thermistor output curve into smaller and

smaller steps and by providing an appropriate diode bias-

voltage.

Temperatures of the f lu id  near the  veloci ty  sensor
have been measured with a second thermistor (Figure ii) . When
the ambient temperature is known , the correct  cal ibrat ion
curve can be selected for  the reduc t ion  of the ve loc i ty  data.

Figure 5 shows the cal ibrat ion of the veloci ty  probe
at vari ous ambient temperatures  I’or our oceanographic work .
The the rmis to r  was calibrated by towing the probe at d i f f e ren t
ve loc i t ies  in water ’  of’ d I f f e r e n t  temperatures.  F i gu r e  .~~~ shows
a sample of oceanographic da ta .  F igure  ~ was recorded off
Block Island in Augus t  l~) t l  ar id shows ‘ he  s imul taneous



F
recording of pressure, temperature , and velocity at a point

under ’ a wave near the  ocean b o t t o m .

Figure 7 shows a trace taken in a wave channel to
d ice d t o  accuracy of the  th erm i s tor  ve loc i ty-meter .  Surface
e i e ;u t t  n ;-~as recorded as a function of time and the peak

21. ty was -t omputed  using shal low water  wave theory . By
ex a o t 1 n I i i , t o e  ve loc i ty  record obtained, the peak amplitude
of vel0oftv -;as hound to be W i thI f l  3 percent of the computed
va l ic Oh a pp r o x i m a t e l y  0 .5  ft/sec .

t igLr l’e 9 sh ow s  a t race  obtained during an experi-
ment in a wave channel to determine the  phase lag ( t i m e
c o r i o t ~ari t)  - - h  t he  the rmis to r ’ . A s ingle  wave of short period
;;ro er~~r a t t l .  T i e  h i u r mi s to r  and a wave-he ig it indicator ,
“ i !  so  used a s k y r ’ o i  nam f l a t  l Inked to a rotary d i f fe ren t i a l

r a n o i c r r n r e r , were pos i t i oned  in i h i e  same plane perpendicular
to  t h e  wave fron t . The the rmis to r ’  was in the potential flow
r ’e ; t on  OUtS I k the  bo t tom boundary -l aye r .  By comparing the
r o :ponse of the  t h e r ’m l s t u x ’  t~~ tha t  of the  wave-height  m di-
cat-or , a (tiose approximatIon of t h e  t ime constant  was obtained,
w h i c h  was between 0.5 and 0.5 seconds .

As we are present ly  usIng them to measure veloci ty ,
the i ’mistors  are insensi t ive  to f l ow  diredt ion . However ,
arrit :! could  be designed tha t  would indicate  the  di rect ion
of 1 1 W  ( re ference 5) .  ExperIments have been carried out at
1e~v~ loon Laboratory using a single thermistor as a planar

velocity - i tr e et i on  hinder ’ in water ’ . Figure 8 shows a data
tr ~~oe old airied In the wav e coannel.  T Ir e  probe was aligned with
t i e  f l o w  and p r ov ided  a varying sir ~nal as i t  was ro ta ted
tk r ’o on l~~P degrees.  In a flo~ed pos i t ion , a varyint -  signal
was a l so  ‘L t  am eS c-onr’oupon-lin to the  sCnse of ’ t he  velocity
of IC f ;av o .

T i  t o  I. Lie t ango : f  vel no i~ V luau ire irient using
- e m i t !  o ’ or ’s ear l l u  t in  r ’e aued b y is I n ;  l a t ’ oer ’  I e:~11u tor s wi th

F •
1’

- 
~“‘~~‘ ‘ ‘ ~~~ ~~~~~~~~~~~~~~~~~~ ~ 
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1
la :’o ’i  power inpu t , up to several hundred  mllliwatts, or by

p r o  I t  tug circuits that accept the  w ide ly  varying signal
pr o .omecd  by a the rmis to r  over a wide veloci ty  range. Recently,
exr )cr ’ !mentu have bo on performed that  showed thermIs tor
response p to ~ ft/see, and t he i r  response probably can be

I - e x t e n d e r i u r t r er .

1

_ _ _ _ _ _  _  
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AT END OF BRASS TUBE AS SHOWN.

(8) EPOXY F ILLED IN BOTH BRASS
TUBES —NO EPOXY ON BEAD.
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