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Exper imental ly  verif ied expressions that take into account the effect of the averaged flow tem-  
pera ture  on the readings of a hot-wire  anemometer  are  proposed.  

One of the main problems that a r i se  in the conduction of hot-wire  anemomete r  measurements  of velocity 
is due to the effect of changes in the averaged tempera ture  of the medium under investigation on the heat 
t r ans fe r  f rom the hot sensi t ive element of the gauge. F rom the prac t ica l  viewpoint this effect will be mani-  
fested in a change in the values of coefficients A and B in the calibration relat ion 

U z = A § B u " .  ( 1 ) 

The e r r o r  introduced into the resul ts  of measurements  of the averaged veloci ty by a change in the averaged 
flow tempera tu re  has been est imated differently by different authors.  Thus, according to Jo rgensen ' s  data [ 1], 
for  a wire operat ing in air  at ~570~ a I~ change in tempera ture  leads to an e r r o r  of ~ 1%, while, according 
to Bradshaw's  data [2], it is about 2~o. An obvious way of eliminating this e r r o r  is to cal ibrate  the gauge at dif- 
ferent  flow tempera tu res  in the range appropria te  to the experiment.  This procedure ,  however, takes a grea t  
deal of time, and such cal ibrat ion curves ,  obtained at severa l  flow tempera tures ,  and also graphic interpolation 
methods, a re  only sa t i s fac tory  when graphic interpreta t ion of the cal ibrat ion data is used. 

Computer  process ing  of experimental  data, corresponding to the p resen t -day  level of scientific exper i -  
mentation, requi res  an analytical  representa t ion of the effect of flow tempera ture  on the resul ts  of velocity 
measurement .  

The few investigations [3-6] of this problem, which are  analyzed in [7],  have been ca r r i ed  out for wire 
gauges.  The resul ts  of these investigations can be cor re la ted  in the form of a cor rec t ing  relat ion 

u2 = u~ [ (7~; T~; To) 2 = Ue/(R~; Re; R~), (2) C 

where U c is the cor rec ted  hot-wire  anemometer  output voltage, f rom which the velocity is determined in ac-  
cordance  with a cal ibrat ion obtained at t empera ture  Tc. Such a cor rec t ing  relat ion assumes  a pr ior i  that either 
coefficients A and g in (1) a re  independent of the fluid tempera ture  when 

/:(Tw; To; T~ )= f (R~ ;  R~; Re) T ,~- -Tr  _ R~- -R~ 
T~--T~ R w , R ~  ' 

as was postulated in [6], or they respond in equal degree to its variat ion (for any other express ion) .  

An experimental  test  of the known cor rec t ing  relat ions of type (2) showed that even in the narrow tem-  
pe ra tu re  range f rom 294 to 301 ~ the e r r o r  introduced by a change in averaged tempera tu re  into the resul ts  of 
measurements  of the averaged velocity of a ir  flow by a gauge with a wire of d iameter  0.005 ram was not com-  
pletely eliminated and in the best  case was 0.1-0.2% per  ~ when the relat ive overheating of the wire a = 
(Rw/R c) - 1 = 0.8. This can be attributed to the different dependence of coefficients A and B in the calibration 
relat ion (1) on the flow tempera ture .  Hence, we ca r r i ed  out special  investigations to determine the effect of the 
averaged a i r - f low tempera ture  on these coefficients.  

The p r o g r a m  of investigations included careful  calibrat ions at different flow tempera tures  and relat ive 
overheat ings ~ = 0.6, 0.8, and 1.0. 

The investigations were ca r r i ed  out with a hot-wire  anemometer ,  operating in cons tan t - res i s tance  (tem- 
pera ture)  conditions, which was designed and built in Kazakh State Universi ty,  and a 1218-T1.5 standard gauge 
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(TSI, U.S.A.) with a platinum wire of diameter  0.005 mm (wire length 1.3 ram).  The use of a platinum wire 
was dictated by the need to exclude the possible drif t  of the cal ibrat ion charac te r i s t i c  of the gauge, which can 
be caused by oxidation of the wire, as happens with a tungsten wire or, in the case where it is coated with 
platinum, by diffusion of tungsten through the platinum coating [8 ]. 

The calibrations were conducted in the rectangular  (40• 80 m m )  working sect ion of an open-c i rcui t  wind 
tunnel, in which the flow velocity could be smoothly regulated in the range ~3-30 m / s e c  with a turbulence in- 
tensity ~/u'2~u = 0.3~o. The a i r  was driven through the tunnel f rom the room by a DV-1KM fan. The cleanness 
of the air  in the working section after  its passage through a FP-100U absorbent  f i l ter  mounted behind the fan, 
and also the devised method of preparing the gauges for the measurements ,  ensured the stability of the ca l ibra-  
tion charac te r i s t ic  in not less than 200 h of continuous operation in the experimental  conditions. 

The tempera ture  of the a i r  flow in the working section was regulated by the operat ion of an e lect r ical  
heater  mounted in the immediate  vicinity of the fan intake and a BK-1500 a i r  conditioner mounted in the work-  
room (the volume of the room was ~" 100 m3). The cal ibrat ions were conducted at I~ steps in the range 294- 
303 ~ The tempera ture  of the a i r  flow during each cal ibrat ion was kept constant  to within + 0.1% and was 
monitored by a TL-18 m e r c u r y  the rmomete r  (scale division 0.1~ 

The flow velocity was determined f rom the readings of a Pitot  tube (outside d iameter  0.7 ram, wall thick- 
ness 0.12 ram) with the intake orif ice reamed out at an angle of ~80 ~ and the static p r e s s u r e  measured  on the 
side wall of the working section. The use of the static p r e s s u r e  on the wall instead of the local static p r e s s u r e  
p resumes  that its change within the boundary layer  (under the action of the quantity 0 ~  '2) is negligible. The 
design of the intake orif ice for sampling of the static p r e s s u r e  was s imi la r  [8],  which minimized the e r r o r s  
of measurement  due to flow separation,  turbulence, flow distort ion at the or i f ices ,  and ruled out the need for  
any cor rec t ion  to the readings obtained with these or i f ices .  

The readings of the Pitot  tube were pre tes ted  in the 55D41/42 cal ibrat ion device, which is par t  of the hot-  
wire anemometr ic  equipment of the DISA Elektronik f i rm (Denmark).  The difference between the velocity 
values, obtained f rom the readings of the prepared  Pitot tube and by the DISA Elektronik technique, which 
guarantees an e r r o r  of velocity measurement  _<50 m m / s e c ,  i .e. ,  less than 0.25% (this value does not include 
the e r r o r  of the measur ing  device, e.g., a mic romanometer} ,  was less  than 0.05~. 

To increase  the accuracy  of velocity measurement  we determined the dynamic head with an inductive 
p r e s s u r e  t ransducer  [9, 10] connected in the bridge c i rcui t  of an IVP-2 inductive hf conver ter .  An increase  in 
accuracy  (especially in measurement  of low p re s su re s )  was achieved by the l ineari ty of the cal ibrat ion cha rac -  
ter is t ic  of the t r ansducer  in the p r e s s u r e  range 0-300 P a [  10], which allows its cal ibrat ion f rom only two 
points: 0 and the maximum required p r e s s u r e  (but less than 300 Pa) ,  which can be measured  very  accura te ly  
(with an MKV-250-0.02 micromanometer ,  for instance) .  When the readings were recorded  by a V7-16 digital 
vol tmeter  the e r r o r  of p r e s s u r e  measurement  did not exceed 0.5~o of the value being measured.  

Before conducting the experimental  investigations we made a p re l iminary  est imate  of the effect of the 
averaged flow tempera ture  on the coefficients A and B of the calibration relat ion (1) in the case  where Rw = 
const and, hence, T w = const. 

As is known [2, 11, 12], the calibration charac te r i s t i c  for a hot wire can be put in the form 

2 2 U2 I R~, = R w ( R  w - -  R e ) ( A  t -[- B~u n ). (3 )  

The coefficients A 1 and B 1 have the fo rm 

A~=0.42 k~l prO,2, B~=0.57 k~l prO.3a ( d )  ~ (4) 
- - 4 -  �9 

Thus, the effect of the tempera ture  of the investigated medium on coefficients A and B of relat ion (1) will be 
brought about by its effect on the pa ramete r s  � 9  v, Pr ,  and l~e: 

A =- R , ~ ( R w - - R e ) A ~ ,  B ~ R ~ , ( R w - - R e ) B ~ .  (5) 

For  air  at a tmospher ic  p r e s s u r e  the tempera ture  dependence of the coefficients ~, v, and the Prandt l  
number P r  in the range 283-313~ can be put, sufficiently accura te ly  for  the present  analysis,  in the fo rm 

k ~ T ~ const, v ~ T 2" o const, Pr ~ T -~ ! o5 const, (6) 

then At ~ T ~ and BIN T 2(0"14-1a). Tile indexn in the range of Re usually encountered in hot -wire  auemomet ry  
has values 0.26-0.55 [2, 13], although the value of n for  clean wires is very  probably close to 0.4 or  n > 0.4, 
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Fig. 1. Charac ter i s t ic  resul ts  of calibration of 1218-T1.5 gauge 
with platinum wire of d iameter  0.005 mm (a, b, e - a = 0.0, 0.8, 
and 1.0, respec t ive ly) :  1) coordinates U 2 = f(u ~ at T O = 294~ 
2) U 2= f(u~ at T o =  204~ 3) U 2 = f ( u  ~ at T O = 303~ 4) 
calculation f rom (8), U 2, V2; u n, m / s e e  n. 

i.e., the index in the cal ibrat ion charac te r i s t i c  (1) depends on the contamination of the wire [13]. Hence, the 
effect of a i r - f low tempera ture  on coefficients A and B when R w = const  will act  mainly through coefficient 13, 
since it is apparent  f rom (4) and (5) that when the tempera ture  changes, the coefficient A 1 and cofactor  Rw- 
(Rw - Re) change in opposite direct ions.  We can conclude f rom this that the effect of flow tempera ture  on the 
cal ibrat ion relat ion coefficients can be taken into account in the fo rm of a function of the pa ramete r  (R w - 
Re) / (R  w - Rc) .  The form of this relat ion cannot be found theoretically,  since even expressions (4) are  purely 
qualitative and a re  hardly ever  used for calculations of the cal ibrat ion charac te r i s t i c  coefficients [12]. Since 
the effect of t empera ture  on the values of the coefficients A 1 and B1, however, can be represented  in the form 
of a power relat ion in T, a cor rec t ion  for  the effect of averaged flow tempera ture  on the calibration coefficients 
can be sought in the form of a power relat ion in the p a r a m e t e r  (Rw - Re) / (R w - Rc),  since a change in e lec t r i -  
cal res i s tance  of the wire is d i rect ly  proport ional  in a f i r s t  approximation to a change in temperature .  

Figure 1 shows typical resul ts  of cal ibrat ions obtained at tempera tures  294 and 303~ It is an in te res t -  
ing fact that cal ibrat ion relat ion (1) corresponds  mos t  closely to a power law with n = 0.4 for  all the invest i -  
gated conditions. The difference in values of the measured  and calculated velocities does not exceed 1.5~0 for 
velocit ies ~3-30 m / s e c ,  t empera tu res  294-303~ and relat ive overheatings of the wire (~ = 0.6, 0.8, and 1.0 
(each cal ibrat ion included 15-20 velocity values) .  This resul t  indicates that the value of n is independent of 
the overheating and the averaged flow tempera ture ,  and is determined by the design of the gauge, the state of 
the wire surface,  and the quality of its welding to the gauge prongs. 

Ah analysis  of the obtained experimental  data shows that if the correc t ing  coefficients 

.KA = ( R w - -  Re ) ~  T w - -  Te ) ~ 
R~ - -  R~ Tw - -  T~ , ' 

KB= ~ = r . - - T o  ' 

(7) 
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TABLE 1 

U, m~sec 

3 

30 

0,6 

4.4 
4.1 

0,8 

3,6 
3,4 

1,0 

2.8 
2.4 

a r e  introduced into the ca l ibra t ion  re la t ion  (1), the d i f ference  in the m e a s u r e d  veloci t ies  and the ve loci t ies  ca l -  
culated f r o m  the re la t ion  

U 2 = KAA~ + KBBcu ~ (8) 

also do not exceed 1.5% for  all  the invest igated ranges  of velocity,  ave raged  flow t empera tu re ,  and re la t ive  
overheat ing of the wire.  

Below we give quanti tat ive e s t ima te s  of the veloci ty  m e a s u r e m e n t  e r r o r s  (as a pe rcen tage  of the m e a -  
su red  value) ,  that a r i s e  if  a co r r ec t i on  is  not made  to the ca l ibra t ion  cha rac t e r i s t i c  in the case  where  the ca l i -  
bra t ion t, m p e r a t u r e  T c = 294~ and the t e m p e r a t u r e  of the invest igated a i r  flow T e = 296~ i .e . ,  the d i f fe r -  
ence in t e m p e r a t u r e s  is 2 o, and the initial adjustment  of the ho t -wi re  a n e m o m e t e r  c o n v e r t e r  is unal tered (Table 1). 
From this we der ive  conclusions that a r e  of impor tance  for  p rac t ica l  use  of a ho t -wi re  a n e m o m e t e r :  

1) an i nc rea se  in wire  overheat ing to a = 1.0 does not significantly reduce  the effect  of a change in a v e r -  
aged flow t e m p e r a t u r e  on ho t -wi re  a n e m o m e t e r  readings;  

2) the effect  of flow t e m p e r a t u r e  when 1~ w = const  in the veloci ty range  ~ 3-30 m / s e e  is not g rea t ly  a f -  
fected by the velocity.  

NOTATION 

U, ho t -wi re  a n e m o m e t e r  output voltage; u, flow velocity; A, Al, B, B 1, coeff icients  of ca l ibra t ion  c h a r a c -  
t e r i s t i c  of gauge; n, index in gauge ca l ibra t ion  cha rac te r i s t i c ;  R, e lec t r i ca l  r e s i s t a n c e  of gauge wire; T, t e m -  
pe ra tu re ;  ~, re la t ive  overheat ing of wire; p, density of invest igated medium; ;~, ~, P r ,  t he rma l  conductivity,  
k inemat ic  v iscosi ty ,  and Prandt l  number  of invest igated medium; l ,  d, t ,  length, d i amete r ,  and d imensional  
(~  pe r  ~ propor t ional i ty  fac tor  in l inear  t e m p e r a t u r e  dependence of e l ec t r i ca l  r e s i s t a n c e  of gauge wire;  K, 
cor rec t ing  t e m p e r a t u r e  coefficient;  u ' ,  v ' ,  longitudinal and t r a n s v e r s e  components  of  fluctuation veloci ty.  Sub- 
sc r ip t s :  w, wire; c, init ial  cal ibrat ion;  e, varying value; A, for  coeff icient  A; B, for  coeff icient  B. 
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C A L C U L A T I O N  O F  P L A N E  P O R O U S  R A D I A T O R S  

W I T H  S U R F A C E  C O M B U S T I O N  

V. F .  P r o n y a e v  a n d  G. T.  S e r g e e v  UDC 532.546:536.425.46 

Results of theoret ical  and experimental  studies of porous radia tors  for heating various ma te r i -  
als are  compared.  

In the presen t  ar t icle ,  which is a continuation of [ I ] ,  we discuss  a procedure  for  calculating porous rad i -  
a tors ,  and also compare  analytic and experimental  resul ts .  

Figure 1 is a schematic  d iagram of a commerc ia l  installation used for  the heat t reatment  of metal  p rod-  
ucts.  The fi l terable injeetant is a mixture of methane and a i r  with volume concentrat ions Yf ~ 0.10, YA ~ 0.90, 
which corresponds  to the s toichiometr ic  composition. Air  and methane are  fed through valves 1 and 4 and r o -  
t amete rs  2 and 6, which determine the flow ra tes  of these gases,  to the mixer  3. The prepared  fuel mixture  is 
then forced to the porous plate 8 by the ro ta ry  gas blower 14. The flow rate of the mixture is measured  by the 
type RS-100 gas me te r  13. A constant rat io between the components of the injectant is maintained by the null 
regula tor  5 in the supply line. This regulator  is a proportioning device consisting of a valve and cavities for  
methane and air  separated by two diaphragms whose deformation depends on the p re s su re  of the supplied gas.  
The null regula tor  5 was descr ibed  in detail in [2]. The p re s su re  of the g a s - a i r  mixture supplied to the gas 
distributing cavity of the burner  was monitored by U-tube water manometers  7. 

The operating conditions of the radia tor  (burner) under considerat ion depend on the heat load on the s u r -  
face of the permeable  plate, its porosity,  the thermophysical  proper t ies  of the interacting media, the fo rm of 
the injectant and its ra te  of injection, and also on the f u e l - a i r  ratio.  The tempera tu re  T 2 of the rad ia tor  s u r -  
face depends strongly on the excess air  ratio "~, as follows from Fig. 2a. Our experiments were per formed 
for ~ = 1, va luesof  ~Z f rom 15.98 to 80.10, t empera tu res  of the radia tor  surface T 2 f rom 1040 to 1400~ and 
a fi l tration rate  of the fue l -ox idan t  mixture vE f rom 0.04 to 0.10 m / s e c .  According to [3], the optimum limits 
of the variat ion of the injection velocity for porous radia tors  with surface combustion are  0.10-0.17 m/ sec ,  for  
which the values of the tempera ture  of the radiator  surface T 2 a r e  maximum, and obtaining higher velocit ies 
v Z in standard commerc ia l  installations is economically inexpedient. As follows f rom Fig. 2b, this conclusion 
agrees  with our experimental  resul ts .  For  heat loads q2 • 4.5- 10 ~ W/m 2, where q2 = JFQF, the radia tor  t em-  
pera ture  T2F averaged over  a time interval  7 = 600 see is increased as a resul t  of increased heat r e lease  at 
the surface of the porous plate proport ional  to the t r ansve r se  flux density of the fuel gas JF. For  l a rge r  values 
of q2 the f lame is observed to separate  f rom the surface of the porous wall, and the values of T2F are  de-  
creased.  

The empir ical  relat ion for determining the fi l trat ion velocity of the f u e l - a i r  mixture v20 for which 
there is a separat ion of the flame f rom the surface of the porous plate for ~ ~ 1 has the form [3] vz0 = 5.42x 
10 -3 dT~, where d is the pore d iameter  in meters .  Thus, for the plate we studied for T 2 = 1300~ and d = l0 TM, 

we obtain vE 0 = 0.91 m / s e c .  The experiments repor ted  in the present  ar t ic le  were per formed with injection 
velocities appreciably lower than vz  0 (cf. Fig. 2b). 

The coefficient ~, defined by Eq. (10) of [1] and character iz ing the completeness of combustion of the 
injectant, can be written as 
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