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The f reez ing  of soil  by an osci l la t ing flow of cold gas is cons idered;  it is found that  an osc i l l a to ry  
gas flow i n c r e a s e s  the h e a t - t r a n s f e r  coeff icient  to the borehole  wall.  A study has  been made of the ef fec ts  
o f  the h e a t - t r a n s f e r  coeff icient  on the movemen t  of the f reez ing  boundary.  One-d imens iona l  equations a r e  
used for  the heat  flux in the f rozen  and unfrozen pa r t s  of the soil .  Stefan 's  condition is  used  a t  the f reez ing  
boundary.  The solution is found by s u c c e s s i v e  approximat ion .  In the semiinf in i te  unfrozen region,  the 
solut ion m a y  be der ived  by introducing a the rmal - in f luence  rad ius ,  beyond which the re  a r e  no t he rma l  p e r -  
turba t ions ,  and at  which the t e m p e r a t u r e  and heat  flux a r e  continuous. 

A s y s t e m  of two o rd ina ry  di f ferent ia l  equations is used to d e t e r m i n e  the posi t ion of the f reez ing  
boundary and the above radius  as  functions of t ime .  A Nai r i  compute r  has  been  used to solve the s y s t e m  
numer i ca l ly  via  a s tandard  p r o g r a m  for  speci f ied  values  of the p a r a m e t e r s .  The r e su l t s  a r e  p re sen ted  
for va r ious  values  of the h e a t - t r a n s f e r  coeff icient  and show that  the re  is a substant ia l  i nc rea se  in the r a t e  
of advance of the bound~ry as  the h e a t - t r a n s f e r  i n c r e a s e s .  

Original  a r t i c l e  submit ted  June 27, 1972. 
A b s t r a c t  submit ted  F e b r u a r y  25, 1973. 

H E A T  T R A N S F E R  F O R  A L I Q U I D  B O I L I N G  IN 

B E D  O F  G R A N U L A R  M A T E R I A L  

Z .  R .  G o r b i s ,  G .  F .  S m i r n o v ,  
a n d  G .  A .  S a v c h e n k o v  

A 

UDC 536.423.1.541.182 

An exper imenta l  study is r epo r t ed  for  hea t  t r a n s f e r  and c r i t i ca l  heat  loadings for  a liquid boiling in 

a l a y e r  of g ranu la r  m a t e r i a l .  

The heat ing was  provided by a wi re ,  while the g ranu la r  m a t e r i a l  was  quar tz  sand, the hea t  c a r r i e r  
being a t  a tmosphe r i c  p r e s s u r e  5~ below the boiling point. The m e a s u r e m e n t s  w e r e  made  with a deep 

l a y e r  of Water and cap i l l a ry  w a t e r  influx. 

I t  is found that three  di f ferent  h e a t - t r a n s f e r  m e c h a n i s m s  a r e  involved in the boiling in such beds,  

and each involves a c r i t i ca l  heat  loading: 

1) t r a n s p o r t  by a p r o c e s s  equivalent  to t he rma l  conduction; 

2) t r a n s p o r t  in a fluidized mode;  

3) t r a n s p o r t  with channeling. 

The second and thi rd  conditions can be rea l i zed  in accordance  with the depth of the w i r e  in the bed. 

T r a n s l a t e d  f r o m  Inzhene rno-F iz i chesk i i  Zhurnal ,  Vol. 26, No. 3, pp. 544-551, March ,  1974. 
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The establ ished hydrodynamic theory of boiling c r i s e s  can be modified to give the following relat ion~ - 
ship for  the wire :  

( q, cr ]2 p,, 
tO" ] > [ F:g~(o" --P") --/Zso]/(~, (1) 

and then the relationships are as follows for the critieal heat loadings: 

qcr> V %ro'~ --~'2rV'eH'~ (.s--V)0--~) (2) 

in the fluidized state and 

x28 ,,d. [ 
qcr > qcr, + K~rp" 

in the channeling state ,  

8m '~L] -~ Hlam-t. ] } 2  
/r 

L 2 // L ] 128v"d,~ [ n ~ ha n] 
LsW ----k-- j 

The resu l t s  a re  in sa t i s fac tory  ag reement  with exper iment .  Hea t - t r ans fe r  data a re  p resen ted  to -  
gether  with empir ica l  formulas .  Photographs of the dif ferent  s ta tes  a re  presented.  

(3) 

qcr 
r, (~, pT, p.,  p. 

k t =  0.13-0.22 

qcr  o 

Hla, ~, Ps 
an, Ln, m 
Dg, 

N O T A T I O N  

is the c r i t i ca l  heat load; 
a re  the heat  of evaporat ion,  sur face  tension," vapor  densi ty,  liquid density,  and kine-  
mat ic  v i scos i ty  of vapor ;  
is the coeff icient  of propor t ional i ty ;  
is the cr i t ica l  heat loading on boiling in the f ree  liquid at  the same p r e s s u r e  and t em-  
pe r a tu r e ;  
a r e  the depth of l a y e r ,  poros i ty ,  and density of the solid component;  
a r e  the d iameter  and length of hea te r  and number  of channels;  
a re  the d iamete r  of channel and volume of vapor  in channel. 

It  was assumed that "~ = 0.8 in the calculat ions;  it was shown that Dg may be taken as equal to the 
d iamete r  of a bubble on breaking away, as in the exper iments ,  and a formula  is suggested for determining 

m~ 
Original a r t ic le  submitted Apri l  10, 1972. 

Abs t rac t  submitted Feb rua ry  20, 1973. 

C O N T I N U O U S  P L A S T I C - V I S C O S I T Y  M E A S U R E M E N T  ON 

A L I Q U I D  F R O M  T H E  D A M P E D  R E C I P R O C A T I N G  

M O T I O N  O F  A P L A T E  

I .  N.  K o g a n  a n d  N. N.  K a r t a s h o v  UDC 621.6.034:539.214 

The authors  consider  the scope for  using damped osci l lat ion of a sys tem with lumped p a r a m e t e r s  to 
moni tor  the plast ic v i scos i ty  of a liquid obeying Bingham's  law. 

The equations for the boundary layer  in such a medium a re  used to der ive  theore t ica l ly  the re la t ion-  
ship between the plast ic  voscos i ty  and the damping p a r a m e t e r  for a plate f r ee ly  vibrat ing as a whole, which 
is  l inked to a spr ing and is perpendicular  to the steady flow of viscoplast ic  liquid. 

I t  is a s sumed  tha t  the vibrat ion amplitude is  small(~o << L) and that 2 m U ~ / S  >> ~'T (which is equiva-  
lent to the condition VCpU3w/2L >> r T ) ,  in which case  the re la t ionship takes the form 

1 
-~ Kkrp~ -, K ~ p0~ l#~/15L ' 

This  re la t ionship  enables one to moni tor  the plast ic viscosi ty  continuously. 
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N O T A T I O N  

is the ampli tude of v ibra t ion;  
a r e  the length and th ickness  of  p la te ;  
is  the m a s s ;  
is  the ve loc i ty  of incident  flow; 
is  the damping fac tor  for the v ibra t iona l  s y s t e m ;  
is  the a r e a  of  one face of p la te ;  
a r e  the densi ty ,  p las t ic  v i scos i ty ,  and yield point of liquid; 
is  the coeff icient  of  p ropor t iona l i ty  between damping p a r a m e t e r  and square  roo t  of  the product  
of p las t ic  v i scos i ty  and densi ty;  
is  the densi ty  of plate m a t e r i a l .  

Or ig inal  a r t i c l e  submit ted  June 23, 1972. 
A b s t r a c t  submit ted  March  13, 1973. 

T E M P E R A T U R E  D I S T R I B U T I O N  IN A F L A T  C O N D U C T O R  

W I T H  T E M P E R A T U R E - D E P E N D E N T  R E S I S T I V I T Y  

C A R R Y I N G  A N  A L T E R N A T I N G  C U R R E N T  

R .  S. K u z n e t s k i i  UDC 538.56+536.212.2 

The s t e a d y - s t a t e  t e m p e r a t u r e  dis t r ibut ion is de sc r ibed  together  with that of a monochromat i c  e l ec t r i c  
field in a p lanar  conductor  0 _ x _< 2 by the following s y s t e m  of di f ferent ia l  equations: 

/" .--0(,l~--[-r i~",:--n~c,v, v" ,-= n"-~.; (1) 
.(0) :l, t ( o ) - - - v ( o ) : l ' ( l ) : , ~ W 0 ) = - v ' 0 ) - 0  

(0 < X < 1), where  x is coord ina te ,  t is t e m p e r a t u r e  reckoned  f r o m  the t e m p e r a t u r e  a t  the su r face  of  the 
w i r e ,  e - u + iv is the complex  e l ec t r i c  field ampli tude,  a = a(t) = (1 + kt) "1 is the conductivity r e f e r r e d  
r e s p e c t i v e l y  to the ha l f - th ickness  of a conducting p lanar  l aye r  a, to the combinat ion (ae0)~a0/2 Z, and to 
the ampli tude of the e l ec t r i c  f ield a t  the su r face  of the conductor  e 0, where  the conductivity is  a0 = a(0); 
n -=- a a4-b-~0~ (the f requency factor)  and k - ao(aeo)2ot/2~ (the nonl inear i ty  p a r a m e t e r )  a r e  the definit ive 
c r i t e r i a  in the p rob l em;  Z,/~, and a a r e  the t he rma l  conductivi ty,  magnet ic  p e r m e a b i l i t y  and t e m p e r a t u r e  
coeff icient  of the specif ic  r e s i s t a n c e  p(t) = a- i ( t )  of  the conductor ;  and co is the c i r cu l a r  f requency of the 

field.  

o,a 

Fig.  1. The fac tor  
exp [ -  ~2(1 - x ) ]  c h a r a c t e r i z -  
Lug the coordinate  dependence 
of t r  ( ~ / 2 ) k  for  l a rge  va lues  
of  k. 

We a r e  in te res ted  in the asympto t ic  behav ior  of t for  l a rge  k;  if  
k = oo, the solut ions to (1) a r e  a l m o s t  eve rywhere  the constants  t = v 
= 0, u = 1 so (1) r ead i ly  shows that  v ~ t = O(k -1/2) and u = 1 - O ( k  -1) 
for  k l a rge  (weak dependence on field and t e m p e r a t u r e ,  s t rong  cu r r en t  
skin effect) .  The f i r s t  equation in (1) takes  the asympto t i c  fo rm t" 
= - ( k t  + 1) -I if one subs t i tu tes  the pr inc ipa l  t e r m  for  the square  of the 
field modulus  and in tegra tes  twice in quadra tu res :  

V k --P--~O-- ' (2) 

' I  [ (,_x I =: ~ -  .p  it  ( l ) ] e x p  - -  ~'-' p Ii(1)l 
w h e r e  ~I.(~) is  a function r e c i p r o c a l  to the probabi l i ty  in tegra l  r (~) and 
the constant  of in tegra t ion pit(l)]  is def ined by o[t(1)]~,{4 lnp[t(1)]} 
= ~/2k/7r; in this approximat ion ,  t is  not dependent on n. 

I f  kt(1) >> I (or e l se  ( k  >> 4 - ~ ) ~ { ~ / l n p [ t ( 1 ) l }  -~1), and (2)- 
becom es  
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] /  2 1~ V2-Zf~ 
t'~--- --f- - 0  (t--)--' 

> x~ = ]/I~ In (/~/2.-~) << 1 
-2 l 

(Fig. 1), where the res idue is negligibly small .  

We integrate equations (1) twice with respec t  to v" and u" to get rev ised  asymptot ic  es t imates  in- 
corpora t ing  the ro le  of n for the tempera ture  and field components for k large:  

t ~ k  -1/2 , a ~ k  -1/~ ; l - - l e  ] ~'1--u~n4k "l, arge~v ~ --n~k -1,2 (x > xo) .  

This  relat ionship can readi ly  be t r ans fe r r ed  to the case of any reasonably  rapidly decreas ing  a(t) 
while re taining the above general  features.  In par t icu lar ,  in an analogous asymptot ic  case we have in 
place of (3) the integral  relat ions 

t(1) 

t '=: 2 I a (t) dt, (l--x) V2-= t ) - ' 

(t) d~ 
l r 

t ( i t  

dt I ff 
wherd the constant of integration of t of {1) is defined by 

0 t 

(3) 

(4) 

(5) 

Original ar t ic le  submitted August 11, 1972. 
Abs t rac t  submitted Februa ry  23, 1973. 

U P W A R D  F L O W  O F  A L I Q U I D  F I L M  

TO A S P I R A L  GAS F L O W  

V .  M.  S o b i n  a n d  A .  I .  E r s h o v  

IN  R E S P O N S E  

UDC 532.529.5.001 

Results  a re  given f rom an experimental  study of the film thickness for a two-phase spiral  flow in a 
short  tube. The film thickness was measured  with a contact needle. The main tes ts  were  done in a tube 
with d = 30 ram, and l / d  = 5. The spira l  gas flow was provided by 6 tangential slots of height equal to 
the d iameter  and with a rat io of the total slot a rea  to the a rea  of tube c r o s s - s e c t i o n  n = 1.0 (spirali ty 

p a r a m e t e r  of the flow). The liquid was admitted via a r ing slot in the wall of width 2 mm at a distance 
0.5 d above the tangential channels.  The tes ts  were  done withRefi for  the film of 70-1100 and R e g f o r  the 
gas of 3.3-8.0" 104. Measurements  were  made of the minimum film thickness represent ing  a continuous 
l aye r  of liquid d i rec t ly  at the wall,  the average thickness 6av, and the maximum thickness 6max. 

It  was found that the surface of the film is always per turbed by i r r egu la r  waves of different types,  
which a re  elongated format ions,  with 6 m a x / 6 a v  of 4 or  l a rger .  

It  was also found that 5min may be of the o rder  of O.01 mm,  i.e.,  the main body of the liquid t ravels  
in the waves.  The resul t s  a re  descr ibed  to + 12% by 

_6m~ ::: 2.48.103.Re~ 1"3 . (i) 
d 

The resul t s  were  examined as regurds  the dependence of 6av and 5max on Refi,  which reveal  three 
hydrodynamic s tates  of film flow. The f i r s t  state C is observed up to a f i l m R e f i o f a b o u t  300, while the 
second D occurs  over  the range 300 to 600, and the third E above 600. The resul t s  a re  represen ted  to 

* 15% and 17% respect ive ly  by 

6 a v  _AReZaRe~. ( x ) c (2) 
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TABLE 1 

Mode t A c B | r/~ 

1,4- 1,195] 0,335 
" I 1,i 0,918] 0,26 

7,715.10 "~ 1:~I 0,26 "I 0,125 

 ,03310  [1,01 0, 3 t o,'2 4o,25 
1o,5 I 1,3 1'11 ~ 1o,~ 
1,o 7.,o  0.  11o.  [ 

5max X '~k 
~,~ .,_~ Re}1.!~ 7- ) "  - = B ( (3) 

d 

Table 1 g ives  the resu l t s .  

State C cor responds  to l aminar  flow of the  !iquid and is  cha rac t e r i zed  by r e l a t i v e l y s t a b l e  wave p r o -  
duction. In that s tate  one can get T a y l o r - G o e t t l e r  vor t ices .  In  s tate  D, the film is turbulent ,  while in 
s ta te  E there  is considerable  removal  of liquid f rom the surface  of  the film as drople ts  in the gas flow, so 
Say and 5ma x va ry  l i t t le with the Refi  fo r  the f i lms.  

A study has also been made of the effects  of v iscos i ty  and tube d iameter .  Values have been drawn 
up for  6av in axial  and spira l  flows. 

X 

d, [ 
Reg = ud/v 
Refi = W/7rdvw 
U 

W 
P ,  l) W 

NOTATION 

is the longitudinal coordinate;  
a re  the d iamete r  and length of tube; 
is the Reynolds number  for  the gas; 
is the Reynolds nnmber  for  the liquid fi lm; 
is the mean  axial veloci ty  of gas; 
is the liquid volume flow r a t e ;  
a r e  the kinematic veloci ty  of gas and water .  

Original a r t i c le  submitted Apri l  10, 1972. 
Abs t rac t  submitted March  9, 1973, 

T R A N S I T I O N  F U N C T I O N S  AND T H E  S O L U T I O N  O F  D I R E C T  

A N D  I N V E R S E  P R O B L E M S  t N  T H E : R M O E L A S T I C I T Y  

F O R  A P L A T E  

B .  I .  S t r l k i t s a  UDC 539.377 

The thermoelas t ic  s t r e s s e s  in a body a re  usually der ived  f rom the t empera tu re  distr ibution;  the 
method is p resen ted  for  solving the thermoelas t ic  problem for  a plate with symmet r i ca l  boundary condi- 
t ions of the third ldndusing t rans i t ion  functions. These  s implify the p rocedure  for deriving the s t r e s s e s  
without der iving the t empera tu re  distr ibution in an explici t  fo rm.  The s t r e s s  is given by 

N ~, - ~I~ 
ox.~ (zi/, F%-) == ' ~  Bi (F0a). ~ [uc -- u (R, Fo,0] ~x;,~ (z~, FO.v_h+~)- 

h~l  

The surface  t empera tu re  is ~ (R, FON) is found f rom 
N--I 

~(R, FON)-~- ~ AArUC@ Bi(F~ -'~['~ F~176 I2 (R '  FON--h+t) ' 

where  A N = Bi(FON)( ;~ /R)42(R,  For); ~I~2( R, FOR) is the t ransi t ion function for  the thermal-conduct ion 
case ,  and aIx~2(Zk, FON) is the same for  the thermoelas t ic  problem,  while v = t - t  0 and t o is  the initial t e m -  

pe ra tu re  of the plate.  
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in engineering,  one oP~en has to maintain some specified s t r e s s e s  at par t icu lar  points in the body; 
this inverse  problem can be solved for a plate with symmet r i ca l  boundary conditions by determining the 
heat-f lux density f rom 

N--I 

l [  Z ] q ( F ~ 1 6 2  ' II2. ~xx (zt~, F O N ) - - '  II2 = q (FOb) AOxx 2 (Zk, FON_h+ 1) 
axx2tZk, FO~) 

h=l 

F r o m  the heat-f lux density one can readi ly  determine the t empera tu re  at  the surface ,  and then the heat -  
t r ans f e r  coefficient for a given external t empera tu re  (or else the external  t empera ture  for a given v a r i a -  
tion in the heat t ransfer) .  

These methods are  used to consider  the optimum heating of a flange in a horizontal  por t  in s team 
turbines.  The heating occurs  in two stages.  In the f i r s t  stage one has to consider  the thermoelas t ic  p r o b -  
lem up to the point where  the l imiting permiss ib le  s t r e s s  is attained. For  this purpose one specif ies a 
law for the s team tempera tu re  var ia t ion  with a maximum ra te  of change determined by the engineering 
possibi l i t ies .  In the second stage one solves the inverse  thermoelas t ic  problem,  which is controlled by 
the limiting permiss ib le  s t r e s s  and one thereby obtains the tempera ture  of the medium with a known law 
for  the h e a t - t r a n s f e r  coefficient.  

Original a r t ic le  submitted March 9, 1972. 
Abs t rac t  submitted March 6, 1973. 

C A L C U L A T I O N  O F  P I P E L I N E  S T R E S S  A N D  T E M P E R A T U R E  

BY I N I T I A L - C O N D I T I O N  R E L A X A T I O N  A N D  T I M E  S T E P P I N G  

B .  N.  T o k a r s k i i  UDC 536.24.02 

A method is given for calculating the t ransient  t empera ture  and s t r e s s  distributions in a pipeline 
for  a rb i t r a ry  var ia t ions  in the surrounding tempera tu re  and the heat - t ransfe  r coefficient at the internal 
sur face .  The distr ibution of T is determined for instants ~'v (v = 1, 2 . . . .  ), and this is a function of 
the boundary conditions for  r v in the period from r v-4 to r v together  with the initial conditions at ~- v-l .  
The instants v v a re  chosen in such a way that the,t ime interval AT v = T V - -  T V -4 resu l t s  in negligible 
changes in the hea t - t r ans fe r  coefficient and the thermophysical  proper t ies ,  while being sufficient for one 
to ease  the boundary conditions on the basis  t v -4 = t-v -4 (here t'v-1 is the mean- in tegra l  wall temperature) .  

Each of the intervals  A1- v is i tself  divided into intervals  ~'k (k = O, 1 . . . . .  m), which correspond 
to the ve r t i ces  on a bent line, which rep resen t s  the t empera tu re  of the environment  as a function of time. 
The final solution for time r v for a given t v -4 can be obtained by l inear  superposi t ion of the solutions for 
stepwise and l inear  var ia t ion  in the surrounding tempera ture .  

The minimum permiss ib le  value for A~" v cor responds  to Fo = 0.3 (Fo is the Four ie r  cr i ter ion).  The 
resu l t s  f rom this method agree  sa t i s fac tor i ly  with those from computer  t rea tment .  

Original ar t ic le  submitted April  3, 1972. 
Abs t rac t  submitted March 12, 1973. 

D E R I V A T I O N  O F  H E A T -  A N D  M A S S - T R A N S F E R  C O E F F I C I E N T S  

F O R  H E A T  E X C H A N G E R S  F R O M  F R E Q U E N C Y  C H A R A C T E R I S T I C S  

I .  G.  C h u m a k  a n d  A .  I .  K o k h a n s k i i  UDC 536.24.08 

Ref r igera t ing  and heating equipment employs sys t ems  with extensive sur faces  with fins of var ious 
shapes,  tubes o f  var ious  c r o s s - s e c t i o n s ,  and tube bundles. Calculations on such equipment require  a 

389 



knowledge of the hea t -  and m a s s - t r a n s f e r  coefficients  in t e r m s  of the thermal  and hydraul ic  cha rac t e r i s t i c s .  
T he re  is the re fo re  considerable  in te res t  in devising methods of calculating mean  values ,  and any such 
technique should be suitable not only for  l abora to ry  work but also for  actual industr ia l  conditions. 

A method is p resen ted  for  calculat ing ~ and B as follows: 

1. Equations a r e  der ived for  the t rans ien t  p r o c e s s e s  in a heat  t r an s f e r  apparatus  as an object  with 
dis t r ibuted p a r a m e t e r s  and var ious  per turb ing  and control  channels.  For  this purpose one proceeds  as 
follows - 

a) one wr i tes  out the equations for heat  and mate r i a l  balance in the equipment in different ial  form 
with pa r t i a l  der iva t ives ;  

b) the appropr ia te  t r ans format ions  a re  pe r fo rmed  to l inear ize  the re la t ionships  (step a) for  small  
deviat ions,  with ze ro  initial condit ions;  a Laplace t rans format ion  is applied with r e sp ec t  to the 
appropr ia te  coordinates  (time and a coordinate charac te r iz ing  the distr ibution of the p a r a m e t e r s  
in the heat  exchanger) ;  

c) the sys t em of equations is solved (step b) in opera tor  fo rm by appropr ia te  methods;  

d) an inverse  Laplace  t rans format ion  is applied with r e sp ec t  to the appropr ia te  coordinates .  The 
theory  of operat ional  calculus is used to obtain the t r ans fe r  functions for the heat  exchanger  that 
define the t rans ien t  p roces s  in r e spec t  of var ious  per turbat ions .  

2. One uses  the equation f rom a step d above to der ive  the rea l  and imaginary  f requency cha r -  
a c t e r i s t i c s .  

3. If  the input per turba t ion  is not a stepwise one (as o c c u r s  under actual industr ial  use of such equip-  
ment) ,  one de te rmines  the r ea l  and imaginary  par t s  of  the f requency cha rac t e r i s t i c s  f rom the curve r e -  
present ing the per turba t ion  as a function of t ime.  

4. Genera l ized  r ea l  and imaginary  frequency cha rac t e r i s t i c s  a re  der ived  as in point 2 above for  a 

given per turba t ion  (point 3). 

5. The t r ans ien t  r e sponse  of the exchange to a given per turba t ion  is used with the same approach 
(point 3 above) to calculate  the rea l  and imaginary f requency cha rac t e r i s t i c s  of the object  that can be d e t e r -  
mined by exper iment .  

6. The r ea l  and imaginary  general ized frequency cha rac t e r i s t i c s  of point 2 above a r e  compared  with 
the rea l  and imaginary  f requency cha rac t e r i s t i c s  of point 5 for  a given f requency ~i: 

R~o (col) ~ P (e~) P~ (co~) -- Q (e0 Qa (co~) = R~ (o~i); (I) 

Qa (oi) - P (o~) Qo (o~0 + Ct (coi) P o (~) =/,,,e(~i), (2) 

where  P(~oi) and Q(~oi) a r e  the rea l  and imaginary f requency cha rac t e r i s t i c s  of point 2, while PG(wi) and 
QG(~i) a r e  the rea l  and imaginary frequency cha rac t e r i s t i c s  of the per turbat ion. .  

Then f rom (1) and (2) one can de te rmine  ~ and ~ ;  in (1) and (2) one can use f r e q u e n c i e s f r o m ~ 0  = 0to 
woo (the cutoff f requency).  However ,  one should avoid resonance  f requencies  commonly found in such 

sys tems .  

This  method allows one to de te rmine  the t r a n s f e r  coefficients  for  l abora tory  and industr ial  equip-  

ment,  which g rea t ly  fac i l i ta tes  design. 
Original a r t ic le  submitted June 5, 1972. 

Abs t rac t  submit ted March  22, 1973. 
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