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The effect  of heating upon t r a n s p a r e n c y  and emi s s iv i t y  of po lymer  f i lms  is studied. 

The emi s s iv i t y  of s e m i t r a n s p a r e n t  bodies  is  calcula ted by Kirchhoff ' s  law with considera t ion of t r a n s -  
mi s s ion  of a port ion of the radiat ion and mult iple  ref lec t ion f rom the bounding su r faces  [1]. 

In this case ,  emi s s iv i t y ,  o r  the ra t io  of ene rgy  rad ia ted  by the s e m i t r a n s p a r e n t  body to that radia ted by 
a blackbody at the s a m e  wavelength and t e m p e r a t u r e  is  equal to 

[1 --R~. (T)] [1 ~ ~z (T)] 
ex = (1) 

1 - -  R~ (T) ~ (T) 

Here R~(T) is the ref lec t ion coefficient  f rom a single su r face ;  z~(T) is the t rue t r ansmis s ion  of the m a t e r i a l .  

When the exper imenta l ly  de te rmined  quanti t ies  R~(T) and ~-~(T) are  used in calcula t ions ,  the emiss iv i ty  
can be defined by the expres s ion  [1] 

ez (T) ~- ~[ (T) -k R~ (T) : I. (2) 

The p r e sen t  study will calculate  the e m i s s i v i t y  of polyethylene terephthala te  and polyethylene f i lms for  
va ry ing  t e m p e r a t u r e .  

It should be noted that [11 p roposed  a method for  calculat ing the emis s iv i ty  of s e m i t r a n s p a r e n t  nonsca t -  
t e r ing  m a t e r i a l s ,  while the polyethylene cons idered  here  has definite sca t t e r ing  p r o p e r t i e s ,  in con t ras t  to 
polyethylene te rephtha la te .  Thus,  in [21 it was shown that "r;t m e a s u r e m e n t s  of polyethylene in the th ickness  
range under  considera t ion  by no rma l  methods  with no considera t ion  of sca t t e r ing  led to e r r o r s  of up to 10- 
15%. However ,  approx imate  evaluat ions of the emi s s iv i t y  of such f i lms are  of obvious in te res t .  

F igure  7 p r e s e n t s  t r a n s m i s s i o n  s pec t r a  of 6 0 - # m  polyethylene and 20-g in  polyethylene te rephtha la te  
f i lms ,  taken with an IKS-14 spec t rograph .  

The effect  of heating upon t r a n s m i s s i o n  of the two f i lms  was studied exper imenta l ly .  Measuremen t s  
were  made with a UR-20 s p e c t r o m e t e r  located in a t e m p e r a t u r e - c o n t r o l l e d  chamber  with spec imen f i lms .  
The chamber  pe rmi t t ed  heating of the spec imens  to the des i r ed  t e m p e r a t u r e  and mainta ined this t e m p e r a t u r e  
ove r  the en t i re  m e a s u r e m e n t  t ime.  

F igure  2 shows t r a n s m i s s i o n  s pec t r a  of polyethylene at 270 and 135~ and polyethylene terephthala te  
spec t r a  at 26 and 266~ 
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Fig.  1. T ransmis s ion  spec t r a  of 
60 -gmpo lye thy l ene  (curve 1) and 
2 0 - p m  polyethylene terephthalate  
(curve 2) f i lms.  
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Fig.  2. T r a n s m i s s i o n  spec t r a  fo r  polyethylene f i lm at t e m -  
p e r a t u r e s  of 1) 27 and 2) 135~ polyethylene terephthala te  
a t  3) 26 and 4) 266~ 2,, pm.  

It can be concluded f r o m  the spec t r a  obtained that  ove r  the t e m p e r a t u r e  range examined the f i lms  in 
question show prac t i ca l ly  no change in the i r  t r a n s m i s s i o n  s p e c t r u m .  Only at cer ta in  resonant  f requencies  
does absorpt ion dec r ea s e  by ~ 10%, with fine s t ruc tu re  of ce r ta in  absorpt ion l ines a lso  d isappear ing  with in-  
c r e a s e  in t e m p e r a t u r e .  

Thus,  o v e r  the t e m p e r a t u r e  range cons idered ,  the t e m p e r a t u r e  dependence of t r ansmi s s ion  may be 
neglected.  

F r o m  m e a s u r e m e n t s  p re sen ted  in [2] it is  apparent  that the ref lec t ion coefficient  of polyethylene f i lms  
at r oom t e m p e r a t u r e  is p rac t i ca l ly  constant  o v e r  a wide wavelength range.  

Using the method desc r ibed  in [3l, m e a s u r e m e n t s  were  made of the ref lect ion coeff icients  of polyethylene 
and polyethylene te rephtha la te  f i lms  for  wavelength ~ = 6328 A at var ious  t e m p e r a t u r e s  up to the fi lm mel t ing  
point.  The e x p e r i m e n t s  r evea led  that the ref lect ion coeff icient  does not change with t e m p e r a t u r e  within the 
l imi t s  of expe r imen ta l  e r r o r .  In fu r the r  ca lcula t ions ,  the ref lect ion coefficient  was a s sumed  constant  ove r  the 
wavelength and t e m p e r a t u r e  r anges  cons idered .  Hence the spec t r a l  emis s iv i ty  of the f i lm given by Eq. (2) is  
t e m p e r a t u r e  independent.  

The in tegra l  emi s s iv i t y  of the f i lms  was ca lcula ted  with the expres s ion  

I ~ (T) V~ (73 dn 
e (T) = z' (3) 

f u~ (r) dZ 

where U~(T} is the intensi ty of monochromat i c  blackbody radia t ion,  calculated by P lanck ' s  law (see,  e . g . ,  [1]). 

The s teps  used in calculat ing e(T) were  the following. Init ial ly,  fo r a given f i lm t e m p e r a t u r e  kraax was 
de te rmined  with Wien 's  d i sp lacement  law [1], this wavelength being the m a x i m u m  of the spec t r a l  density curve  

of blackbody radia t ion.  Then,  us ing  the un ive r sa l  blackbody radia t ion cu rve ,  the wavelength r ange  (~t-~2) in  
which not l e s s  than 85% of the to ta l  rad ia ted  power  is  located was de te rmined .  The in tegra l  emi s s iv i t y  e (T)  
was  then calcula ted  with Eq. (3), with ek(T) va lues  de te rmined  by Eq. (2). 

TABLE 1. F i lm Emiss iv i ty  e(T) 

T ,  ~  

Material 
20 1 3 0  270 .350 

Polyethylene] 
terephthal, [ 
ate, 20 um I 0.38 0,41 0,39 0,36 

Polyethyl- 
ene,6(} ~ m  0,11" 0, 13" 0,15" - -  

* . . . The error in determmatmn of polyethylene film emissivib] in 
the spectral range r comprises 10-15% due to neglect 
of scattering in measurement of the material's tramraissiom 
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The final r e s u l t s  of the in tegra l  emi s s iv i t y  calculat ions for  polyethylene and polyethylene terephthala te  
a re  p re sen ted  in Table 1. The following values  of ref lec t ion coeff icient  R* were  used in the calculat ions:  
polyethylene,  0.08; polyethylene t e reph tha la te ,  0.12. 

It is evident f r o m  Table 1 that  with i nc rea se  in t e m p e r a t u r e  the emi s s iv i t y  of the polyethylene f i lm,  ca l -  
culated with the above a s sumpt ions ,  i n c r e a s e s ,  while e(T) of the te rephtha la te  f i lm f i r s t  i n c r e a s e s ,  then fa l l s .  
This is  because  with inc rease  in t e m p e r a t u r e  the m a x i m u m  of the Planck radia t ion for  the polyethylene fi lm 
moves  into a spec t r a l  region where  t r a n s m i s s i o n  d e c r e a s e s .  T h e  polyethylene te reph tha la te  t r a n s m i s s i o n  spec- 
t r tun  is  m o r e  ~broken, ~ so that  the t e m p e r a t u r e  dependence  of i t s  e m i s s i v i t y  is  m o r e  complex in c h a r a c t e r .  
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Theore t ica l  and expe r imen ta l  s tudies  a r e  r epor t ed  for  the convective diffusion occur r ing  at the 
e lec t rode  of an e lect rodiffus ion a n e m o m e t e r ,  pa r t i cu l a r ly  with r e g a r d  to the m e a s u r e m e n t  of 
ave rage  and fluctuation veloci t ies  in rheological ly  complex  liquids and weak po lymer  solut ions.  

Information on the veloci ty pa t te rn  in l amina r  or  turbulent  flow is of decis ive impor tance  in r e s e a r c h  on 
convective heat  and m a s s  t r a n s f e r .  The t h e r m o a n e m o m e t e r  method may  be applied to theologica l ly  complex 
l iquids,  which may  have var ious  p r o p e r t i e s :  v i scoe las t i c i ty ,  pseudoplas t ic i ty ,  v i scoplas t ic i ty ,  mechanode-  
s t ruc t ion ,  and the rmodes t ruc t ion ,  which involves var ious  diff icult ies .  In p a r t i c u l a r ,  there  is a ma rk ed  fall in 
sens i t iv i ty  in m e a s u r e m e n t s  on p o l y m e r  solutions of WSR-301 type [1, 2] and also the occu r rence  of anomalous 
signals  unre la ted  to turbulent  veloci ty f luctuations [3]. Very p romis ing  methods such as l a s e r  anemomet ry  
[4, 5] and other  optical  methods become la rge ly  unsuitable if the fluid is opaque or  s t rongly sca t te r ing .  It is 
a lso of l i t t le value to use Pitot tubes with p iezoe lec t r i c  convers ion  at low speeds ,  although they can be used to 
m e a s u r e  veloci ty  f luctuations in turbulent  flows of po lymer  solutions in pipes  [6] and enclosed je ts  [4, 7]. 

E l ec t rochemica l  m e a s u r e m e n t  of veloci ty  has  some m a j o r  advantages such as high sensi t iv i ty ,  long work-  
ing life in the e l e c t r o d e s ,  compara t ive  s impl ic i ty  in the equipment ,  and scope for  using the t r ansduce r  for  
s eve ra l  pu rposes  [8, 9, 13, 19]. 

The theory  and p rac t i ce  of the e lect rodiffus ion a n e m o m e t e r  have been considered [10, 11], pa r t i cu la r ly  
when the sens i t ive  sur face  is a continuous cone or  wedge. Such an e lec t rode  can be used with a nonl inear ly  
v iscous  power - l aw  liquid in the following theologica l  equation of s ta te:  

k F Ou i ~-'  Ou 
= I - - ~  (1) oy j 0y 

and the equation for  convective diffusion can be solved analyt ical ly to give expres s ions  for  the s ta t ic  and dy- 
namic  c h a r a c t e r i s t i c s  [10, 1I] .  

The solution to 

Oc Oc 02c 
u + v - - - -  = D ~ (2) 
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