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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

~ lock I t a l ic  Transliteration Block Italic Transliteration

A a A a A , a P p p p R , r
5 6  B , b C c  C c  S , s

~ B B S V , v T T T m T , t r
G , g  Y y  Y y U , u

fl 8 D , d ~~~ 0 ~ F , f
E a E a Ye , ye;  E , e * X x X x Kh , kh

~~• ~ ~~ Zh , zh u £1 q Ts , ts

~ 3 3 3 Z , z Oh , ch
H U I , ~ w 11/ w Sh , sh

A a Y , y ill iq Shch , shc h
X x  K , k

• f l A  L , l b i~~ e~ Y , y
M M  :.: , m b b

H H ~
‘, n ~~~ .9 3 E , e

~ 0 .  O ,~~ ~J~ o A ) ~ Yu , y u
‘ /7 n F , p  H a ya , y a

*~Je in~.tia1ly, a f t e r  vowels , and a f t e r  ~~~, ~ ; e e l sewhere .
hen written as ë in Russ i an , t r a n s l i t e r a t e  as y e or

The use  of diacritical marks is preferred , but such marks
nay be onitted when expediency  d i c t a t e s .

GREEK ALPHABET

Ai rha A ct s Nu :; v

~e ta  Xi E
y Omicron  0 o

Del ta A F i  II i~

Eçc~~lon E c Rho P p p

:eta Z ç Sigma 0 c

Eta  Tau T t

Theta 0 Upsilon I u

Iota I i Phi
happa K fl K Chi X x
Lambd a A A Psi

M ~ Omega w
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS
Russian English

sin sin

cos cos
tg tan
c tg  cot
sec sec
cosec csc

sh sinh
ch cosh
th tanh
c t h  co th
sch sech
csch  csch

arc sin sin ’
arc cos cos 1

arc tg tan~~
arc ctg cot~~— larc sec sec
ar c cosec csc~~
arc sh sinh~~
arc ch cosh~~

—1.arc th tanh
—1arc c th  co th

• arc sch sech 4

arc csch  csch~~

rot curl
ig log

GRAPHICS DISCLAIMER
Al l  fi gures , graphics , t a b l e s , equat ions , etc .
merged into this t rans la t ion were ex t rac ted
from the best qual i ty  copy a v a i l a b l e .
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INSTALLATION FOR PRECISION MEASUREMEN~II OF THE COEFFICIENT OFTHERMAL DIFFUSIVITY OF THERMAL INSULATORS IN TEMPERATURE RANGE
100—800°C

K. G. Partskha ladze , 0. A. Sergeygb I. N. ?ren kel~

Disagreements of the data on the therm al diffusivity one and the

same substances , obtai ned in different laboratories , ~re produced by

m any factors: the lax derivation of design equations , by the

nonobservance of the co ndition s of expe rimentation , by the diffe rent

physicochemica l compos i t i on  of t h e  i n v e s t i ga t e d  m a t e r i a l , by t h e

incorrectness of t h e  measurem ent  of the tempe rature in

specimen /saiple , by the incorrect estimation of error  in  t h e  m e tho d

etc.

In VN IIN (BHIII4M — All—Union Scientific Researc h Institute of

Netrolog y im. D. I. Ne nde ley ev~ is create d specimen installation for

the certification of the stand ard specimen/samples of th~ r m a l

diffusi vity.

The accuracy of the measurements of thermal diffus iv i~ y can be

provided for on ly When the •ethod is absolute and has pr ecise when

the method is absolute and has precise theory , are wi d e l y

investigat ed the possible systematic errors of easur~ m~ nt , sp ecimen

installation sufficiently correctly realizes the

FTD—ID(RS)T— 0215-77
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prerequisite/premises of theory.

It is desirable also in order that met hod and equipm ent make it

possible to carry out the rap id mea surements of the br3ad class of

m a t e r i a l s  in large  tempera t ure range .

D u r i n g  the  3.esign of specimen i n s t a l l a t i o n, it is necessary ~o

consider t hat it will operate itself in the exten t/elon~ ation of many

years, and consequently, will continuousl y grow/rise $:he shown for it

requirements. In connection W i t h  t h i s  in t o i n s t a l l a t i o n, m ust be laid

such ce l l/ e lements  ( s t r u c t u r a l/ d e s i g n  a ssembl i e s , a u to ma~~ic co n t rol

systems an d  the  m e a s u r i n g  c i rcui ts)  who se poss ib i l i t i es  s om ew h a t

excee d con tempo ra ry  r e g u i r e me r t s  a n d  c r ea to  4 h c  p r e r e qu i s it e/p r e m i ses

of the  c o n t i n u o u s  pe r f ec t ion/ improve ment  of the  f u n d a m e n t a l  t echn ica l

specifications: the accuracy/p recision cf measurements , reliability

of w o r k , p r o d u c t i v i t y ,  cost — e f f e c t  i v e ne s s/ e f f i c ien c y  etc.

As can be seen f r o m  su rvey/ coverage  f 1—8 ), w h i c h  gen e r a l i z e  the

resul ts  of Soviet and  fore ign invest iga t ions  occurs t h e  n a t u r a l

selectioii of methods , in to  proc ess of which  p a r t  of t h e  m e t h o d s t u r n s

out to be incapable to satisfy the constantly grow/rising

requirements and measurements (method s of the the rmal similarity, not

limited standard , etc.). This leads to deterioratior. failure of them ,

especially in new branches of science ~nd engineering where the rapid

FTD—ID(RS)T— 02l5—77
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and  precision m e a s u r e m e n t s  of the  physica l quantities in wid?

te.peLature range have fundamental importance.

Page 92.

Other methods continuously are improved and transfer/convert to the

field classical, since they ha ve de t a i l ed  t h e o r y ,  con f i r m e d  by

experiment (quasi—stationary, monotonic heating, temperature waves).

Fo r p r o d u c i n g  specimen i n s t a l l a t i o n, was selected is most

theor et ica l ly  s u b s t a n t i a t e d  and  v i r t u a l ly re l iabl y re~ 1i zed , t h e

m ethod of q u a s i — s t a t i o n a r y  mode/ cond i t i ons  [9 )  w i th  t h e  s y s t e m  of the

cor rec t ions , obt a i n e d  in t h e  theor y of m o n o t o n i c  hea t ing  16 , 8]. The

i m p o r t a n t  role in the  selection of method  w i l l  p l a y  r ap i i  o b t a i n i n g

t h e  r esu l t s  of m e a s u r e m e n t s  over a w ide  r a n g e  of t e m p e r a t u r e s .

The theo ry of m e t h o d .

For t h e  u n l i m i t e d  p la te  w i t h  a th ickness  21, teipermt~ire 1(1, v)

and t (—1, r) of stir faces of which are equal and change in t ime ‘

according to linear law with a velocity of t, between the cent er and

the boundary it appears a difference in temperatures f~ )

FTD—ID(RS)T—0 215—77
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(I)

where  a — c oe f fi c i e n t  of t h e r m a l  d i f f u s i v it y ;  P0 
~~~~~

—
~~~~

- — f ou r i ~ r
n u m b e r :

~n ( 2fl~~~1)+;

Wi th  P0 = 0.’ with accuracy/precision 0.25oj’o all terms of a series
in (1) can h~ d i s rega rded  ( 9) ,  wit h t~’e except ion of t h e  f i r s t  (n =

1), i.e.,

— + . exp (._ -
~~~

- Fo), (2) 

1_ .~_.~_ 
~~~~•~~~~-— - — _______________
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or

= — ~~ (1 + 6k), (3)

whe re

6i =-~Jexp (_ ..ç FO) . (4)

Thus, usually the utilized in the methods of quasi~statjonary

mode/conditions working formula

blt
(5)

—
- 

_ . 
. .:~~~ . ..~~~~~~ ._ .. .. . .i . 
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is not a precise in t he  in i t i a l  period due to e f fec t  i r r e g u l a r  s t a ge

Cf mode / c o n d i t i o n s .

Page 93.

As s h o w n  in  1 8 , 1 6) ,  l u r i n g  t h e  de r iva t io n of t~’is fo r m u l a s  is not

co n s i d er e d  t h ~ e f f e c t  of the  t e m p e r a t u r e  d ep e n d e n c e  of *hermoph ysica l

v a l u e s 1 a s y m m e t ry of t e m p e r a t u r e  f i e ld , l i m i t e d n e s s  of th~
si z e/ d i men s i o n s  of p l a t e  and se r i es  of o t he r  f a c t o rs .  In  i’ s qe n er a l

view can be p r e sen t e d  as

• ao r
~~

__
~~~~

’ ( I+6 i + 6 + 8 f 8 3 +6 4 + 8 5 +6 ,), (6)

where 6 are corrections , and index 0 mean s that the values of the

______________ 
- . • .~~~~~~~~~~ . . , -. •
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c o r r e s p o n d in g  q u a n t i t i e s  a re  r e l a te d  t c  t h e  t e m p e r a t u r e  of +h e

surface of plate.

The c o r r e c ti o n  of 6 ’ 2 is i n t r o d u c e d  1 10] in connection w it h t t ~t?

a ccoun t  of t h e  e f f e c t  of t he  t e m p e r a t u r e  d e p e n d e n c e  of ~h e r m o p h y sj c i l

values

6~~~~mlx [~~~(kb + k c +k ~) 4-] , (7)

w h e r e  the k~, k~, k,~, kb — the  t e m p e r a t u r e  c o e f f i c i’~n~~n of f h a

spec i f i c  h e a t .  c , ~ t den s i~~y y ,  of t h e  c o e f f i c i er t  ot  h ’ r m i ’

c o n d u c t i v i t y A , a n d  a l so  of t h e  v e l o c i t y  of h e a t i n g  h i n .  ~‘ 1~m r ’~ x = 0.

The values of th~ I cy  p a r a m e t e r s  of k~, k., and  k~ u s u a l l y  ~r c t a k e n

f r o m  r e f e r e n c e  d i t a .  T h e  p a r a m e te r  of kb is de~ er m i n c i  f r ~~ f o r m u l a

~ 
b~. — b 0 j

Kb
• max

Here b1 are the variable speed of the heating of pUt~ i n  s~ ct ion x

• - -—.• -- - -~‘: ~~~~~
_ _ _ _ _ _ _ _ _ _ _ _  -~~.-- — .. - .- .~~— - - --~—.—~~~~~~~~~~ 

— - - - -
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= 0 at torque/m oment r 1. It is loca ted  by d i f f e r e nT i a t i o n  w i t h

respect to time of the obtained in the process of the heating

experimental dependence t (0, ~) = t (r) , w h i c h  a f t e r s tat i s t i c a l

p rocessing is r e p r e s e n t e d  in t h e  f o r m  of p c l y n o m i a l

t (x, t)J~~o = c1 + c,t + c3t2

Hence dlb,•= ~X, T)

Corr9ction ~ 2 more precisely formulates 6’? by me ans of the

accoun t of te rms  of e x p a n s i o n , who co n t a i n  t h e  low p a r a m e t e r s  of the

second order  of s m a l l n e s s  1 10]

+ (k~ f k~+ k~) 
~—4] } .  (8)
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When  no s u ff i c i e n t  rel ia b l e  d a t a  øn t h e  t h e r m o p h y s i ca l p r op er 4 - ies of

the i n v e s t i g a t e d  m at e r ial , fo r t h e  c a l c u l a ti o n  of c o r rec t i on s  (7) and

(8) it is possi ble to use relationshi p/ratio [8]

ka k~ k~

whe re k0 — the relative coefficient of a change  in t h e  t h e r m a l

diffusivity . For its determination is analyzed dependence a ~ (T),

calculated in zero approximation accord ing to formula (5).

Pag e 9U ..
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A f t e r c ar r y i n g  out one subst i t u t i o n  or the ot her  f r o m  t h i s
relationshi p/ratio, we will obtain other expressions of :orrections

(7) and (8)

~;= Ornax [~~(k
b _ ka)+~~~k~]

~~~ [—
~ 

kb — —k-- k~ + —h— (k~ + k~) J ;

6;=~~~ax 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- i-- -} k~k~ — -n.- k0k~ — -
~~~~

- (k ~k~ — k~k~)]

f k bk x~~~~~ k~k,~
_ - ( k,k + k ak.1~) ]

+ k bkc +k bkj , )_ kcky _ _
~_ (k cka + kvka)~

_ _  _ _ _ _ _ _  _ _ _ _ _ _ _
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Correct ion

(9)

is i nt rod uced 8) due to  e f fec t  on t h e  resul t s of t h e  m e a s u r e m e n t s  of

t h e  t e m p e r a t u r e  e x p a n s i o n  ot s p e c i me n/ s a mp l e  (a is a c oe f f i c i e nt of

linear expansion , t - the temperature of plate).

Cor rec t i on
L~
t

(10)

is connec ted with the possible displacement of heat receiver from

plane x = 0 up to distance A [8].

Corr ection 6~ consider s the effect of the latera l hea t exchange

of p l a te and  it can be desi gned , for exampl e, aco rd ing  to the

procedure , g ive n on page 2~42.

Finally, correction 6~ is introduced due to the possible

asymmetry of temperature field, which is expresse d in the fact that

if 0 ( 1 , t)r 0, t h e n  0 (—l, r) = ~U. The solution to equation

• d’O (x. t ) b
• dx’ a

in these boundary conditions leads to expression

bi’ AUao =~—~~~_ (i +~~~—--)~

~/ u•~~~~~~~—- .

• • 

__________
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Installation consists of high—temperature furnace (Fig. 1) and

the benc h of m e a s u r e m e n t  and  a u t o m a t i c  cont ro l  (Fig .  2)

The construction of furnace is schematically shown in Fig . 3. It

is table type device, which involves the systems of he a t i n g ,  the

compression of specimen/sample and heat shield . Investi gat ed

specimen/sample 6 and guard ring 7 are establish/installed between

disk low—inerti a heaters 8. each heater has two cell/element from

?J ichro ine  of b rand  K Pt 2 O N8 O .  The i n t e r n a l  su r face s  of t h e  m e t a l l i c

(copper, steel or nickel) d isks of heaters contact with the external

surfaces of specimen/sample.

— —.-—- -~ ~~—-— — —
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Fig. 1. High—temperature furnace. 
- -

Page 96.

A decrease in the gradien t of the temperature in radial direction

serves the system of screens 9 of the polished stainless steel. The

measurements will show that as a result of the accepte d measur e s in

the middle zone (50 mm in diameter ) of the surfaces of the heaters of

a di fference in the tempe ratures on surfaces do not exz~eed 0.2 deg

with 200°C (copper) , 0.4 deg wit h 500°c (copper , steel, nickel) even

0.6 deg with 800°C (steel, nickel) . The delay of the periphera l

thermocoup le of specimen/sample relative to the torgue/m oment of a

change in the power of heating elements doe s not exceed 5 s.

For the protection of melting chambe r from the effect of

environmental factors (air circulation in room , the thermal radiation

of the surrounding object/subjects etc.) and of cooling the external

• surface of furnace in dual jacket 3 , is established/installed coppe r

coil 4 on which through the manosta t wit ) cons tan t pressur e head is

passed the water. The reliable ad justaUe CCntact of speci me n/sample

6 and of guard ring 7 with heaters 8 is realize/accomplished with the

aid of the system of the compression of specime n/sample 5, which

involve s dynamometer DOSM—3—O .2, and specimen indicator. 

.-
~ 

- -•~-~~~.--i ~~~~~~~~~~~~~~~~ —: - - 
~~
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Fig. 2. Bench of measurement and automatic control.

Page 97.

System makes it possible to assign force of compression from 0 to

2000 n ( ~‘200 kgf) with error ±2.5 n. For the input/introduct ion of

heat receivers 2 into the jacket of furnace , are provided for ~he

opening/aper tures, closed against heat—resistant rubber 1.

Ins t a l l a t i on  m a k e s  it possible to i n v e s t i g a t e  spec imen / samp les u p to

150 m m in d i ame te r  and  w i t h  a t h i c k n e s s  to 22 m m .

The cons t ruc t ion  of specimen/samples is schematically shown in

Fig. 4. Are app l ied two form of specimen/samples. For the measurement

of the therma l diffusivity of glass (Fig. 4a) is utilized the plate

in the form of disk , which consists of four plates, conr.e:ted with

the action of the forces of molecular cohesion/coupling (optical

contact). Befor e the installation on optical contact on surfaces, are

cut specia l groove/slots for the laying of thermocouples. This method

of the assembly of thermocouples makes it possible to accurately

determine the distance between joints (on preliminary measurement the

t hick tess of plates) and to ensure the reliable contact of

th er moj unctio ns w i t h  s pecimen /sa mple. In the case of th e measurement

of the thermal  diffusivity of the materials for which it is  not

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _--~~~~-——.- -- ~~~~~~~~~ - • --- --- -- ~~ -~~- 
— --
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possible to use the tirst method of the productio n of

specimen/samples, thermocouple they are laid into the radial

opening/apertures of specimen/sample and guar d ring (Fig. 4h).

1 2 3 4 5  —

~~~~~ 5 7 5

• 

_ _ _

U u~~cti~1i~~IN H -
~~~ ~~~~~~~~~~~~~

~~~~~~~~L~
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Fig. 3. Diagra m of the high—temperat ure furnace: 1 — r u b b e r  s topper ;

2 — t he rmocoup le ;  3 — dual jacket ; 14 — coo l ing  coil; 5 sy s t e m  of the

compression of specimen/sample ; 6 — test spec imen : 7 - guard ring; H

— disk heaters; 9 — the system of screens .

Page 98.

For producing the reliable therma l contac t of thermojun c ti~’m.. ~ith

the investigated mater ial into opening/apertures , is introduc e d the

small amount of grit copper or nickel) or high— temp erature ~emc~nt.

The size/dimension 1, which enters wor k in g formula (6), is det ermined

after experimen t (specimen/sample is cut and is measur~ d the distance

betweer centers of radial opening/apertures in the location of

joint)

A difference in the tempe ratures of *~~ is measured by

thermocou ples 2 and 3. Thermocouple ~4 servos for automatic

maintaining heating, and differentia l thermocouple 1 is for automatic

maintaining temperature symmet ry. With the aid of thermocouple s 2 and

6, is controlled the unidimensiona lity of temperature field. A

difference in the temperatures in points 3 and 5 makes it possible to

calculate correction for the asymmetry of heating. The appea ra nce of

quart2 specimen/sampl e with thermocouples is represented in Pig. 5. 

~~~~~~~~~~~~~~~~~~~~~
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For the  r e a l i z a t i o n  of t h e  l inear  hea t in g of spec imen/ samp le  and

conditions of the symmetry of its tempe rature field were developed

t wo a u t o m a t i c  con t ro l  sys tems (ACS )
j~ bloc k d i a g ram of w h i c h w as  given

in Fig. 6. one of the m is ir t e n d e d  fo r  the prog rammed  t e m p e r a $ ure

control of the section of specimen/sample .v I in time , a n d a n o t h e r

— for maintaining the equalit y of the tempe rature s on surfaces of x - -  I

and X — - I  specimen/sample in the process of experiment. Both

diagrams are developed according to aqgregate (block) I principle

with the maxim um use of series Soviet equipment.

FC OTNOTE 1~~ SeejPa~~e 223. ENDF OOTNOTE .
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Fig. 4. Constructions of the used specifre n/samples: a) from qlass and

quartz; b) from polymers.

Key: (1). Guard ring . (2). Optical contact. ~~) .  Guari rinq .
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Fig. 5. Qua rtz S. ~rimen/samp le with mounted in it t hermocouples.
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Page 99.

The diagram of the programmed temper ature control works as

follows. To the ~rt r an ce of automatic regu lat or I, which realizes

proportiona l—i nteqral—differ c~ntia l (PID) control flu , Dnters the

signal about the deviation of temp erature of the surface Df

spec imen/•;~ mrle from ~ha t whic h is required wi~ h respect  t o  program.

Algebraic subtract ion is realize/accomplished because ~f th~ contrary

connection/inclusion Df thermocoupl e and output signal of ~he

programmed controller.
I KoHrnp ono - ‘ ~ ,- r r i~j ~~
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Fig.  6. The d i a g r a m m a t i c  r e p r e s e n t a t i o n  of a u t o m a t i c  con t ro l  sys tems .

1 and 4 - ammeters ~ 421; 2 and 5 - plate for the equalization of

tempe rature field on the surfaces of specimen/sample; 3 - test

specimen; 6 and 11 — mil liammeters N 4203; 7 and 9 — the heaters of

th e sys t em of t h e  p r o g r a m m e d  t e m p e r a t u r e  c on t r o l  of t h e  s u r t a ce s  of

specime n/ s a m p l e ;  8 — Dewar flask; 10 — the h’~a te r  of th e a u t om a t i c

ccntrol system of th e symm etry of temperature field; IPS—06 — the

s tabi l ized powe r s u p p l y .

Key: (1). Nonitoring of supply. (2). Programmed controller . (3).

• Mo n i t o r .  (4)  . Automatic regulator.

Page 100.

Automatic regula tor consists of the preamplifier of

microvo lt—microa min eter F116 , the correcto r KP1— TD f 12) and of the

d i f f e r e n t i a t o r  D— T 113 1,  tog et h er r e a l iz i ni  t h e  P I D — l a w  of con t ro l ,

and the th yristor powe r amplifier ~ U M T - 1 , designed for  1.5 k W an d

connected consecutively to governing heating elements 7 and 9.

FOOTNOTE 1
• See

11~~
age 116. ENDFOOTNOTE.

- - - - - - ~~~~~- - • - - -_ . - -. -- -- --
~~~~~~~~~~~~~~~~

—
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The prog rammed con troller is carried out in the form of sepa rate

block and is specially developed for this diagram (accuracy/precision

of series p r o g r a m m e d  con t ro l l e r s  of the  t y p e  of R q S— 0 1 , PD -44~J M  etc.

substantially than lower required for this installation). The basic

cell/element of the programmed controller is the aultitu rn slide wire

r on which evenly is moved the arm To the end/leads of the slide

wire conduct ed stabilized voltage from the supply of p~ wer of the

IPs—06 whose v a l u e  d e t e r m i n e s  t he *emperature range of the programmed

co n t r o l  and  is a d j u s t ed w i t h  t h e  a i d  of s h u n t  r eg i s t e r  P 6. Th er)
un ifor m d isp laceme n t of ~r m ft’ over slide wire r is

realize/accompl ished with the aid of the synchronous m 3tDr SD—0 9, the

f requenc y of f e e l i n g  s tress of w h i c h  is s t ab i l i z ed  by c r y s t a l

oscillator 2

FOOTNOTE ~~~. As the generator of frequency, is used the power unit

372P, released for the printing chronograph of the type of 21—372P.

ENDFOOTNOTE.

For the amplification of powe r output of crystal oscillator up t0  the

v a l u e, necessary for the motor SD—09, was developed the 

_ - - - - 
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doubl e-contact transistor amp lifier of alterna ting current of UMPT .

For the correction of nonlinear dependence of thermo—e m f of

thermocouples on temperature is applied the system of variable

resistances 
~~2, which shunt the individua l sections of slide wire r.

For the limitation of the range of shunting, are provided for

resistor/resistances R 1. The a mount of shunts and their parameters

are designed for programming by the method of the piecewise

a p p r o x i m a t i o n  of t h e  c a l i b r a t i o n  c h a r a c t e r i s t i c  of

pl a t i n u m — p l a t i n u m — r h o d i u m  t h e r m o c o u p le in t h e  r a n g e  of t e m p e r a t u r e s

30_10000C with the error , which does not exceed 0.05 °C .  In t h e  case

of ap p l y i n g  t h e  c h r o m e l — a l u m e l  t he rmocoup le s , ca l i b r a t i on

cha rac te r i s t i c  of whic h is l i ne a r , t h e  need fo r  s h u n t i n g  f a i l s .

The reducer ot speeds ~~~4
makes it possible to assign any time

of the realizat ion of progra m from series 0.5; 0.75; 1 .0; 1.25; 1.~~;

2.0; 2.5; 3.0; 5.0 h.

The equality of temperatures on surfaces of x = 1  and x = — l  the

i nves t i ga t ed  spec imen/ sample  is s u p por t e d  wit h the  aid of automat ic

regulator II, temperature—sensitive element of wh ich is the

d i f f e r e n t i a l  the rmocouple , and by the  c o n t r o l l i n g  o rgan/con t ro l —

heating element .

—.- - 
~~~~~

- 
— - T~~L -- -~~ i~~~_ —~
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~~_
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Installation makes it possibl e to regulate thermal process with

deviation from program not more than on 0.1 deg and to support a zero

difference in the temperatures on the symmetrical surfaces of

specimen/samples with error not more than 0.1 deg . With the

disconnection of the drive of the progr amme d controller , the same

diagrams make it possible t o stabilize the tempe rat ur e of

spec im e n/sa m ple wi th  the preservation /retention/maintainin g of the

symmetry of its temperature field.

Page 101.

For this case is provided for the hand drive of arm ,s& of the
I’

programmed controller , which makes it possible to establish/install

the rated va lue of temperature with accuracy/precision 0.35 deg.

For ease of handling of diagrams , are provid~ d for indicators 1,

4, 6 and 11 , which show the output signal ci correctors  a n d  th yristor

amplifiers. Parameters of the experiment are measured by a

potentiometer of the compensative type R308 of class by 0.002 and

recording instr uments (potentiometer the K5— 6 1 of class 0.~~ and

millivoltammeter N37 of class 1.5), bu ilt in into bench.

The output/yield of installation on the assigned

mode/conditions, from torque/momen t of wh ich it is possible to carry 
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out measurements , is caused by the irregular stage of the development

of thermal process in specimen/sample an by the transient process of

automatic control systems. Time of irregular stage is determined from

formulas (3) and ( 1 4 )  a n d  can be checked by the analysis of dependence

t (0, T) = f (r), obtained from ex perilrent. The transit time of

automatic control systems, velocity—dependent of heating and dyna m ic

properties of the adjustable object , is determine d experimentally

(from readin gs of preamplifiers F— 11 6) it will turn out to be the

approximate ly equa l to time of irregular stage. The losses of the

tempe rature interval of measureme n ts, con nected w i t h  th~ i n t r o d u c t i o n

insta llations into mode/conditions , are 50—100 deq from the beginning

of the process of heating.

7
C W *4 /CpK

2,
‘

N--W — ~~ç ~~~~~~~ 
-

- -

U40 180 180 200 220 2q0T ~C

- — -- —----- ~~~~~~~~~~~ 
— - 

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



DOC = 77000215 PAGE

Fig. 7. Dependence of the thermal diffusivity of

polytetrafluoroethylene on temperature according to data : 1 — the

authors ; 2 — Fraym an~ Yu. Ye. [4]: 3 — Kirichenko Yu. A ., Dleynik B.

N., Chadovic h T. Z. [14]; 4 — K i r i c h e n k o  Y u .  A. 1151.

Key: (1) . m 2 /s.

Page 101.

Results of measuremen ts and estimation of error in the met hod.

I s

The calculated error in the method , characterized by the

r o o t — m e a n — s q u a r e  r e l a t i v e  measuring errcr coeffic ient Di thermal

cliff u s iv i t y ,  is d et e r m i n e d  f r o m  f o r m u l a

~ i/ 
tib, \2  

~ ~ 
ai \2 ______ - ( ~.P— V + 

~~~ / + •~~~ 1 ~ \ 
I + P /

where P = 6’? • 6” ~ + 63 + 6, + 6, + 6, — total correction. The
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value of its error is located from expressicn

~~~~~=±

For specimen/samples made of glass and quartz, the calculated error

in the met hod is ~stimate d into ~ 2o/o. The most ponderabl e component

it is the error of the measurement of a litference in the

tem peratur es of ft,~~. During the investLjation of specimen/samples

made cf polymers, the calculated error in he method grow/rise s to

±~~/o because of the effect of the mea Euri ng error of geometric

dimension 1 specimen/sample.

At the created installation was measured the thermal diffusivity

cf polytetrafluoroethylene. Investigaticn s are carried out on

specimen/samples 16 mm in thickness at four different speeds of

heating . Measuremen t data are represented in Fig. 7. Depen dence

a, = (I ,18.10 ’÷0,0012.10 ’.7’) 1411 5

Obtained as a result of the treatment experimental data by the method

of least squares, is depicted as solid line. Root—mean-square error

of the results of measurements

~~~~~ 
= ±0~008• I0 ’ M1/ 5.
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The low value of this error testifies tc good reproducibilit y of the

conditions of e xperiment. The disagreements of results wit h

literature data [14 ], [14] and [15~ do nct exceed errors Df th~
appropriate met hods.

Page 103.
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Page 104.

INSTALLAT ION FOR P R E CISION NE A SU R E M ENT~ O F T H E R M A L

CONDUCTIVITY OF POOR CONDU CTORS OF HEAT.

0. A. Sergey~~D. A. Tatarashvili.

In VNI IM prDlonged time operates itselt specimen installation

for the measuremen t of the therma l cond uctivit y of the nDDr

conductors of heat [1).

Tempe rature in terval 300—380°K, in which wor ks specimen

installation for the measurement of the thermal conductivity of poor

conductors , alr eady insufficient at present , since it lees not answer

the contempo rary requiremen ts for science and engineering. In

connection with this will arise the need for prod ucini ttt e specimen

installation , makin g it possible to expand temperature interva l into

I_

i 
4 
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low—tempe rature range to 90°K, and in high— -temper ature range — to

500°K. For devel epin y installation , was selected the s~ ationary

metho d of the radial h eat flux according to which , th~ rmal

conductivity

q1n~!~
— 2~cLt~t

where q i3 the power of the basic h e it e r , i so la ted  of sec t i o n  w i t h  a

lengt h of L m ; ~t — a d i f f e r e n ce i n  t h e  tc-~n’pe ratures b?~ ween thc

p o i n t s , a r r a n g e/ l o c a t e d  at d i s t ances  r , a n i  r 2 f rom t h e  ax l e / ax i s  of

cy l i n d e r .

Cylindrica l specimen/sample 4 wit h guard end—typ e cylindrica l

heaters I and 9 (Fig. 1) is skirt whose lenjt h is 120 mm , inn ’~r the

diameter of whose which is 14 m m , and external —40 mm .

-- 
-
..~ ...- 

- .
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Fig. 1. Diagram of specimen /sample w ith the gua rd cylin lers : 1 —

cylinder; 2 — c h a n n e l s ;  3 — thermocoup1~ ; 14 — sp e c im e n / c ~~!Ip 1 o ;  c —

heater; 6 — copper—constantan thermoco u pl es; 7 - chann .-~l; ~4 -

sup p l e m e n t a r y  t h e r m o c o u p l e s ; 9 — cylind~’r; 10, 1 . - gu~ r1 ~~ ers; 11
— t h r o u g h  c ha n n e l s .

Page 105.

______________
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In the central opening/aperture of spec ime n/sample , is pl ic.~
basic heat -pr 5, made from constanta~ lead/duct 0.2 mm in di- im eter ,

wound up around the ceramic tube 3.6 m~ in diameter. Th .~ current ard

poten tial derivations of the basic heater are mad from copper wire

0.2 mm in diamet er. For the measurement of the t~ mpera~ ure in channel

7, it is installed eight coppe r—constanta n thermocoup les 6,

arrange/locate-I in pairs alon g four radia l mutually perpendicular

directions . Suppl ementary thermocouples 8 serve for the monitor ing of

the leakages of heat in terms of the electrodes of m easurin i

thermocoup les 6. The electrodes of all measurin g and sur~ lem en~ ary

thermocoup les are derive/concluded throug h the through c~iann el s of 11

cylinders 9.

The leakages of heat in axial direction are compens a ’ed for with

the aid of guard cylinders 1 and 9. In the ri~actor thimbles of 2

cylinders 1, aLe placed control thermocouples 3. Are analo-Tousl y

placed control thermocouples in guard cylinder 9. On the absence of

the leakages of heat in axial direct ion , testifies a zero difference

in the temperatures between control and measuring thermo:oupl3s.

Leakages are compe nsated for by guard heaters 10 and 12.

Installation consists of three basic parts: the chamber of
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cryostat (Fig. 2) , of vacuum system (Fig.. 3) and of measuring h~ nch

(F ig .  4 ) .

The measurement procedure- is determined as a result of the

investi gation of ~~~ possible systematic errors.

In the process of investigations , are reveal /detected the heat

dissipation of the basic heater , caused by the convectiDr of helium

in the clearances between ~he basic hea t er and the internal

opening/aperture of cylindrica l specimen/sample. Thes~ lDsses l ead t D

t he  e r ro r  to 1. So/o w h i c h  c om p l e t e l y  is r e m o v e d  a f t e r  ~ he

sealing /pressurization of internal opening/aperture with ~he p lace d

in i t  h e a t er .

_ _ _  — --—------ -~
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Fig. 2. Chamber of the cryostat: 1 — tube made of the stainless steel

for the evacuation of air and derivation of electrodes ; 2 — the

coppe r packing ring; 3 — upper lid made of teflcn; 4 - the

spec i me n/sample of the investiqated material; 5 — the basic heater; 6

— the copper ho using with back ground heat er, employ ed for a

derivation system to different temperature levels ; 7 - vacuum— sealed

brass bea ker; 8 - bottom cap/cover from teflon; 9 — Dewar flas k for

liquid nitrogc~n ; 10 — the housing of Dewa r flask; 11 - guard

cylinders with heaters.
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Fig. 3. Diagram of the vacuum system: 1 — ~he chamber of cryo stat; 2

— v a c u u m  g a u g ~ V I r l A;  3 — rubber tube for maintaining constan 4

pressure in the chamber of cryostat ; 4 — cylinder with helium ~is; S

— pre—cylinder; 6 — fore pump VN—461 r1; 7 — d i f f u s ion o i l - v ap o r  p u m p

TsVL—100; 8 — nitrogen trap.
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Fig. 4. The diagra. of the measuring bench: 1 — t h e  s tab i l i z e r  of

direct current 2 sN02; 2 — t he  s t ab i l i ze r  ot the direct curren t of

P—136; 3, 4 — non thermoelectric curren t switches (plant “Etalon ”,

type PB—12v ) ; 5 — D’~war flask for cold ends; R~ 
lOS ohm , P2 103

ohm and R~ 0.1 ohm is specimen resistor coils of TI class; R 4, P5

and P6 — control resistors; a potentiometer of the type of P308

with ampli fier of the type of F305.T; NE — normal cell/element; B~
and B 2 — the ba ttery of the supply of potentiomet er; LATR — an

autot ransformer of the type of R~4_25O_2; V— semicondu ctor
T P

rectifiers; ~~~ - hot end; fr — backgrou rd heater.

~~~~ ti~. 
-

Page 107.

The basic sources of systematic errors are a -)iff~~rence in the

thermal resista nc~ , arrange/located on the external surface of

specimen/sample (because of the inadequac y of ccntact with she

interna l surface of the housing of background heater) , the

dissimilari ty of the therma l resistor/resista nces of m? asuring

thermocouples with specimen/sample , and also the difference in the

temperature condition s of measurement and gra d uation of

thermocouples. The indicated sources of error s lead to the tact tha t

the initial temperature field of specimen/sample is uneven.

subse quently the resulting error , caused by t hese fact ors, we will

• _ 
~~~~~:: - - - -~~~~~- - -~~~~~~~~~~~~~ 

-
~~~~
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call an error in the heterogeneity of temperature field.

For the exception/elimination of this error, was utilized the

princi ple of the superposition of tempe rature fields according to

which , the stationary t empera t ure f i e l d s, ca used by t h e  d i f f e r e n t

constantly acting sources, store/add up themselves. Hence appears

possibility to eliminate an error in the heterogeneity

systematicall y: first necessary to record stationary temperature

field with switched off basic and guard heaters, and then to

include/connect heaters and to record new staticnary temperature

field. In working formula it is necessary  to sub st i t u te t h~ obt a ined

differences in the tem peratures, which do not contain ~rrors in the

heterogeneity. There are , at least, two possibilities to check the

validity of ~he aforesaid. First , the abs ence of the account of an

error in ‘he heterogeneit y leads to the fact that the values of

thermal conduc t ivity, measured in four radial directions , differ by

5—60/0. Upon consideration of error , t his  d i f f e r e n c e  does not exceed

20/0. In the secDnd place, measurements show that the heterogeneity

of field with switched off basic and guard heaters is retained

ident ical at all temperature levels. This means that the sources of

nonuniformity are constant for one set of experiments , which is

characterized by the invariability of the assembly of specimen/sample

and guar d cylinders in the housing of background heater.
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Another systematic error can be caused by heat dissipation on

the electrodes of the measuring thermocouples which lead to an error

of measure ment of value q, substituted in working formula , and to an

error ot measurement of temperature in connection with t~ e

disturba nce of temperature field in measuring point . By our case

these errors do not exceed 0.1 and 0.070/0 respectively t •

FOOTNOTE 1~~ See (Pussiani page 187. E~ P~OOTN0TE.

As will show the calculations , nonexciuded residue/remainders of

• syste matic errors were equal because of: heat dissipation from the

end/faces of speci men /sample O.18o/o; hea t dissipation from the

end/faces of ba sic heater 0.030/0; h eat dissipat ion on the couplinq

copper potentiometric lead/ducts of basic heater 0.040/a; inflow of

heat from the current copper jumpers of basic heater 0.070/c; hea t

dissipation on the electrodes of measurin g thermocouples 0.03o/o; due

to the inaccurate determination of the length of the working section

of the basic heater and , consequently, also its power O.lo/o.

Page 108.

During the calculation of random errors, nonexclude !
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residue/remainders of systematic errors are considered as random with

normal distribution.

A relative random error in the measurements is calculated from

formul a

= + 
[

~~~( r t ) ] 2  
(
~~~~)2 + 

[

~~~~~~~~~~~~~~~~~ ) r•

The powe r of the basic heater is measured by potentiomet er

method wit h error 0.010/0. Taking into account the enumerated

nonexcluded residue/remainders of systematic errors ~g/q 0.lSo/o.

For transparent bodies (polymeth yl me thacry late, ~1ass) , which

are the basic sub jects of investigation , the radii r1 ~ 7 mm and r2 :

17 mm are determined with the help of the microscope of (JI~ =21 with
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A in
error 0.025 mm . Consequently, ~1 =0,4%.

TIIn
Ti

In order to ensure the conformity of the measured radii and

positions of thermocouples, into the conical part of the blind hole

(Fig. 5) are placed copper filings for temper at ur e balance in the

zone of the arrangement of thermojunction. This makes it possible to

relate the measured temperature to the point , arrange/located in the

center of opening/aperture.

The length L = 120 mm of the investigate d specimen/sample is

determined with error 0.25 mm , i.e., AL/L = O.2o/o.

Differences in temperatures t2—t 1 = 10 deg are measured by

differential coppe r—constantan thermocouples with error

= 0.5o/o.

Thus, thc~ calculated maximum random error in the measurements of

thermal conductivity will be 1. lo/o.

At installation is measured the ther mal conductivity of

polymethyl methacrylat e in temperature ra nge 90—300°K. Measurements

are carried out at three different powers of central heater , whic h

g ive, correspondingl y, three different calculated jump/drops in

specime n/ sample  -5 ; 7.5 and 10 deg , i.e., dependence X = f (T) was
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obtained for three calculated the tempe rature differentials .

The comparison of experimental results shows that the systematic

errors, connected with heat dissipation from central heater, are

absent. Everything three runs of measurements were considered as

equally accurate , since the scatter of experimental points for all

three cases does not exceed the limits of an error in the method.

Page 109.
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Fig. 5. Diagram of the stopping up of the thermocouples: 1 —

thermojunction ; 2 — filling made of copper filings; 3 — the

elect rodes of thermocouples : 4 - ceram ic diplex tube; S - t h e

investigated specimen/sample.
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Fig. 6. Dependence of the thermal conductivit y of polymeth yl

methacrylate on temperature according to the da ta of th-~ works : 1~

8. (3); 
~~~~~ 

(1); 3 - according to our data; 4 — [7 ) ;  5 - [2); 6 -

[8]; 7, 9. [9].

Key: (1). W/tn deg.

Page 110.

Processing the finding s on the method of least squares leads to the

following dependence of thermal conductiv ity on the tempera# uri~: X =

0.224 — (7.550/1’).

A root—mean—square error of measurement of thermal conduct ivity

will turn out to he equal to 1.00/0. The dependence of ~h e r m a l

conductivity on temperature is shown in Fig. 6 (is curve 3). As is

evident , the findings will agree well wit h literature .

FTD—ID(RS)T—0215—77
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