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The advantages are  d iscussed of applying the modern apparatus  of experiment  design to the 
solution of problems in thermotechnical  and thermophysica l  measurements .  The de te rmina-  
tion of the heat t r ans fe r  coefficient in f i lm-flow evapora to r s  is used as an i l lustrat ion to show 
how the number  of tes ts  can be significantly reduced by a factorial  design of experiments .  

One purpose of thermotechnical  and thermophysica l  exper iments  is to obtain mathematical  re la t ions 
between a given studied quantity and the fac tors  affecting it. This relation is often adequately well descr ibed 
by power express ions  [1, 2]: 

y A x ' ~ ' X ~ . . .  x ~ ,  (1) 

where y is the studied quantity, x 1, x 2 . . . . .  x k are  dimensional or  dimensionless  (universal) determining 
quantities (factors), and k is the number  of such fac tors .  

In this ar t ic le  the authors  consider  the feasibil i ty and the technique of experiment  design which would 
ensure a significant reduction in the number  of tes ts  for determining n l, n2, . .~., nk and A in Eq. (1). 

Schemes have been developed in the theory of experiment design which would minimize the number  of 
tes ts  for determining the sought relat ions expressable  in the form of l inear  equations, power laws, or  nth-  
degree polynomials  [3-5]. An experiment  for  the determination of A, n~, n 2 . . . . .  nk in Eq. (1) can be im-  
plemented according to the designed total factorial  experiment.  For  each factor  the number  of its values 
to be measured  can be reduced to two, since Eq. (1) can be l inear ized by taking logar i thms and changing to 
var iables :  
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Fig. 1. Reduction of the 
number  of tes ts ,  with an 
increas ing  number  of f ac -  
tors ,  by m e a n s  of a total 
factorial  design (curve 1) 
and by means  of a part ial  
factorial  design (curve 2) 
of the experiment .  
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= Zo § n~zi 4- n2z,,_ _ . . .  <- n~zh, (2) 

and, in o rder  to determine the coefficients in this equation, it is  sufficient 
to pe r fo rm  an experiment  at two factor  levels.  In this case one designs an 
exper iment  for determining n 1, n 2 . . . . .  n k and z 0 = logA, with the quanti-  
t ies z = logx  represent ing  the fac tors .  The number  of tes t s  neces sa ry  for  
real iz ing all possible combinations of factor  levels  is here  

N 1 = 2 k. (3) 

The reduction in the number  of tes ts  attainable by such an experiment  de-  
sign is es t imated by the quantity 

N2 
= = - - ,  (4) 

Ni 

where N 2 = m x l m x 2 . . ,  mxk is the number  of tes ts  pe r fo rmed  once a c c o r d -  
ing to the conventional plan, with taxi denoting the number  of measu remen t s  
for  each factor .  When mxl = mx2 = . . .  = mxk = m--N 2 = m k and on the bas is  
of (4), we have 

m i, 
= . (5) 
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TABLE 1. Design Matr ix  

Factor level 
in code Test  to natural  scale 

No. At, ~ r, kg / rmec  zo z2 

22 
2 

2,85 
0,65 
2,85 
0,65 

+1 

+1 

-~-l 
--1 
+1 
--1 

Calculated values  of ~ according  to va r ious  plans a r e  shown in Fig. 1. These data (curve 1) indicate 
a significant reduction of the num ber  of t e s t s  in a total  fac tor ia l  exper iment ,  as  compa red  to the number  of 
t e s t s  in a conventional expe r imen t  where  the value of each one fac tor  is va r i ed  with all other  f a c to r s  held 
constant  and, subsequently,  both the constant  and the va r i ab le  f ac to r s  a re  changed. Curve 2 indicates  the 
reduct ion of the number  of t e s t s  in a par t i a l  fac tor ia l  expe r imen t  [5], such an exper imen t  becoming advan-  
tageous  when k > 3. 

The p rocedure  for  designing an exper iment  with a significant reduction of the number  of t e s t s  was 
followed by the authors  in a de terminat ion of the heat t r a n s f e r  coeff icient  in f i lm-f low evapo ra to r s  [6]. 

The purpose  of such an exper imen t  was to es tab l i sh  the re la t ion between the heat  t r a n s f e r  coefficient  
and i ts  de termining f ac to r s  in the f o r m  

a = A A t " * F  n. (6) 

A m e a s u r e m e n t  of quanti t ies A, m, and n by the conventional method r equ i r e s  at l eas t  16 t e s t s  in a 
single exper iment ,  on the assumpt ion  that  each fac to r  will be va r i ed  through four leve ls .  In a total  f ac -  
tor ia l  exper iment ,  on the other  hand, the number  of t e s t s  for  measu r ing  A, m, and n in Eq. (6) is found 
f r o m  (3) to be only four.  The conditions of the exper imen t  a re  put in the f o r m  of a design ma t r ix  in Table 
1. The va lues  of the p a r a m e t e r s  in Eq. (6) a r e  found, by the method of l eas t  squares ,  to be A = 11,750, 
m = --0.63, and n = 0.22. 

The adequacy of the resul t ing  equation is checked on the bas t s  of F i she r '  s c r i t e r ion  [5]: 

F = ~ S~d (7) 

with the d ispers ion  of adequacy S~d indicating the d i sc repancy  between m e a s u r e d  and calcula ted va lues  of 
a and with the d ispers ion  Sy defining the var iab i l i ty  of r e c u r r e n t  tes t s .  

F o r  our exper iment  the F - c r i t e r i o n ,  which depends on the number  of r e c u r r e n t  t e s t s  and on the con-  
fidence interval ,  was found to be equal to 2.4 accord ing  to the Tab les  in [5]. The F p - c r R e r t o n  calcula ted  
accord ing  to (7) was found equal to 1.5 and thus s m a l l e r  than i ts  tabulated value,  indicating a sa t i s fac to ry  
a g r e e m e n t  between calculat ion and m e a s u r e m e n t .  

Thus,  the heat  t r a n s f e r  coeff icient  in f i lm-f low e v a p o r a t o r s  and the data in Fig. 1 i l lus t ra te  the ad-  
vantages  of applying the modern  techniques of expe r imen t  design to heat  t r a n s f e r  p rob lems .  

The equations which desc r ibe  thermotechnica l  and the rmophys iea l  e x p e r i m e n t s  may often differ  f r o m  
Eq. (1). In that  case ,  2k-des igns  a re  appl icable to the initial s tage of exper imenta t ion  only and special  de-  
signs,  such as  those descr ibed  in [3-5] a re  adopted l a t e r  on. 
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NOTATION 

is the quantity under study; 
are the determining factors; 
is the number  of fac tors ;  
i s  the number  of m e a s u r e m e n t s  of each factor ;  
is  the number  of t e s t s ;  
is  the heat  t r a n s f e r  coefficient ,  W/m 2. ~ 
ts the t e m p e r a t u r e  di f ference between wall and evapora t ing  f i lm,  ~ 
ts  the t r i ck le  ra te ,  k g / m s e c ;  
is  the F i s h e r  c r i t e r ion .  
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