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Page 198.
Chapter VII.
Calculation of air-heat deicers !.

POOTNOTE . It is written by V. S. Savin. ENDFOOTNOTE.

The calculation of air-heat POS should be begun with the
construction of the standard flight profile of the projected /designed
aircraft. Por example, it is necessary to exasine such phases of
flight as the cliadb, cruise flight, reduction/descent, circling

flight and pre-landing glide. Por each phase of flight is determined

the flow rate of hot air, air-heat POS required for a work. It is

obvious that this value aust be lower than available air flow rates
per all phases of flight. Purtheramore, vhen selecting of one or the

other systea designer sust consider its coefficieat of heat

efficiency, weight, siamplicity and reliability of
construction/design. the coefficient of the heat efficiency of deicer

is fouad froe tho_!cllo-s-g ezpresasion:

N - "“‘5":"' (7-“
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vhere (. amd /.. - temperature of hot air respectively at entry and
outpet froa the deicer:
I, s - mean temperature of the shielded surface during the

steady supply of hot air.

Por example, if the coefficient of the heat efficiency of the
first four standard diagrass, givem in Pig. 3.20, usually does not
exceed 0.5 the for two latter/last diagrams of this coefficient can

reach value on the order of 0.75.

7. 1. Detersination of the required flow rate of hot air and extent of

gone heating.

Por deternmining the reqguired flow rates of hot air for the
de-icing systems of persaneant action can be used two methods:

estimated and designing.

Calculation according to the first amethod is fulfilled on the

basis of the following assaaptions:

B T QRS AT
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~ flov conditions in boumdary layer is turbuleat above the

entire shielded surface;

B ~ teaperature of surface i, is permanent by the area; 4

~ aerodynasic heating of surface is equal to 0;

- entire/all shielded surface is represented in the fora of

flat/plane plate with an area of 7 (this means that V,=V,) (neq)

- entiresall shielded surface is moistened by wvater (,, = 1,0).

Page 199.

With such assuaptions the deasity of external heat flux average
over surface under conditions of icing can be calculated from the

formula, analogous (S.51a):

~

g =&l an— to) Xo. (7. 2)
vhere

X, = | +'115)7,52'_ﬁ:1

In.ea—te’

Then the required flos rate of hot air is equal to
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G = ';'F' - @ (Tn. on— te) Xof
Cp ('u' - ‘IHX) €y (‘nx - ‘nu)

7.3)

or taking into account formula (7.1)

G:;Eﬁiu:jﬁigﬁ

¢ (’;:_‘n. u) 'lt' 7. 32)

Being assigned by the teaperature of hot air at the eatry into
deicer 7, and the calculated temperature of moist surface '« (they
usually accept, that /... = ). it is possible to rapidly rate/estimate

the necessary air flov rate at this temperature of icing toe

The designing calculation method is based on the more precise

representation of all processes vhich occur vith the wvork of deicer.
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rig. 7.%. .Diagras for the calculation of the air-heat deicers vith

longitedinal-trangverse channels.

Key: (1). Extent of the zone of catchimg S on the enclosure of
profilesairfoil. (2). Exbaust air. (3). Hot air.
’Va%e a00.

Let us examine the hoat balance of moist surface during the
course of hot air in transverse channels (Pig. 7.1), which are the
accessorys/affiliation of the majority of the most videly used types
of air-heat POS. Let us break entire length of transverse chanmnel
into the series/row of the sections (segments) of small length A4S and
vill comsprise for the arbitrary i section of the outer covering of

the egquation of heat balance.

During course in transverse channel hot air gives up heat to
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external and lower coverings. The first equation of heat balance
wshich approxisately describes the process of heat transfer in

transverse channel, has the following form:

Gni@ AS; = o, (i — ti) b AS: -+ 2 (t; — t,4i) (b -- 2hrg) AS; (7. 4)

or with ;- 4,

gaitt = [0 (ti — tw) + ai (i ~ 1) b, (7. 4a)

vheres «;, - a local internal heat-transfer coefficieant in W/m2deg;

I« - temperature of the wall of corrugation in the

considered/exanined cross section in °C;
{ = temperature of hot air in °C.

During the compilation of this equation disregarded/meglected
the effect of thermal conductivity on skin/sheathing chord wise,

since experimental data shov that this leads to insignificant errors.

Since the external and lower coverings are contacted, then are
theoretically possible two cases: 1) the heat, accumulated in the
lover covering, is not tramsaitted to the outer covering:; 2) entire
heat froa the lower covering passes via thersal conductivity to the

outer covering. Virtually the first case can occur with usual riveted

NIRRT SR

———
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Joint of skins/sheathings, since it has very high thermal resistance

(114). The equation of heat balance for this case takes the fora
@i = a; (t; — by ;) b. (7. 5a)

In the second case which can be during the seas welding (several
to a lesser degree - vith point), the outer coveriag obtains heat
both directly from hot air and indirectly, via thersal conductivity
from the lower covering through the connections between
skins/sheathings. Therefore the equation of heat balance for the

second case can be presented as follows (with » K .):

Gnid = (1; (tl —ta -.mi) 2b. (7. %)

Consequently, in the case of the ideal thermal connection of
skins/sheathings heat flux to the outer covering increases two times

in comparison with heat flux for usuval riveted joint.
Page 201,

In actuality the difference between the heat fluxes indicated will be
somevhat less. Howvever, the comparison of these versions shows that
it is necessary to approach that so that the thersal
connection/coasunication between skins/sheathings in transverse

channel wvould be as more aodern as possible.

- .

VISR ca e e -
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During the heat tramsfer to outer skin the temperature of hot
air is decreased as hot air moves over channel. Consequently, it is
possible to write the second equation of heat balance for the i

section of the corrugation:

¢ai®-AS; = G0, \t), (7. 6)

vhere A{ - a temperature drop im sectionm A\S, (see below).

The demsity of external heat flax %. is determined from formula

(5.51) for this sectiom AS:

ui = a; (tn.nal — t;i) X;',

vhere
Niml g g D0 _en—er
‘ 7 Pu 'n.ul“’;i
In this case §., = 1,0 in the zone of the catching of drops and then is

gradually decreased (see Pig. 5.7). In order to satisfy the
conditions of heat balance froam hot air to the outer covering,
equations (5.5%0, (7.5a) or (7.5b) and (7.6) must be solved together,
the coefficients in these equations depending on unknown values.
Therefore wve wvill use the method of successive approximations (in
this case flight conditions and the construction/design of the

channels of deicer it is predicted known).




Fiar  m——
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The first space consists ian the selection of certain initial
value of the flov rate c¢f hot air G, im transverse chamnel, that it
is possible to make on the basis of formula (7.2). Thea are assigned
by valae temperature drops of hot air 4 ia sectiom AS, in question
and from equation (7.6) is deteraiped value ¢\’ im the first
approximation. In this case mean temperature of hot air .in the i

section can be approximately found fros the formsla

0 by — 5 A 7.7

After substituting values ¢!/ amd  4im equation (7.5a) or im
eguation (7.5b), they calculate the temperature of moist surface
t .. im the i sectiom, after which froms equation (5.51) is foumd
vales ;.
in the second approximation and it is compared with the first value

ﬁ? If these two values differ from each other, then they are assigned

by the new value of a temperature drop of alr At; and calculation is
repeeted as long as the preceding/previous and subsequent solution !

will not be indentlcal with acceptable pree@ision/accuracy.

rage 202. .

o "*“‘i[’-u, xSRI

P

#ith the selected air flow rate successive approximations are
fulfilled for each section of tramsverse chanael, beginning froa the

first and terainating with such sectioa, on which either will occar Q
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; the coaplete evaporation of eatire captured by the profiles/airfoil of

vater or the temperature of surface vill becose equal to 0°C, g

The gquantity of vater vhich evaporates in sectiom \S per unit \

time, can be calculated on the basis of foraulas (5.30) and (5.50):

4, - Tian I AS. (7.8

Pyep

Knowing a gquantity of water, which flows to sectionm \§,

T G o s A

Gu = G, ~G,, _, amd a quantity of evaporating water 0. it is

—

possible to calculate a guantity of vater, vhich disappears back/ago
from profiles/airfoil beyond the liamits \S:

V3w - (G Gy)a. I

4

If the temperature of surface becomes equal to zero befote
entire absorbed by vater will be vaporized, then in this case is
formed barrier ice which will be greater, the more will run out water

along profiles/airfoil for the wvarmed zone. The procedure presented

sakes it possible to find the chordvise distance, vhich must be

varmed in order to vaporize eamtire water, recovered by

profile/airfoil, and also the asinimum flov rate of hot air which is
required for the coaplete evaporation of the absorbed by water,
before the tesperature of surface it will achieve 0°C. Such
calculation is produced for the so-called de-icing systeas of

cosplete svaporation, Por the systeas of incomplete evaporation the
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calculation is produced thus, but in this case it is necessary to

estinmate the possible value of barrier ice.

If deicer is carried out on diagram with the longitudinal
channel (see Pig. 3.17a), then the calculated equations of heat
balamce will take somevhat another foram. Diagram for the calculation
of this deilcer is given in Fig. 7.2. Principle of the compilation of
the equations of the heat balance of the same as for transverse

channels.

LR U

g
Py M
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Pig. . 7.2. Diagram for the calculation of the air-heat deicer with

longitudinal channel.

Page 203.

Longitudinal channel vith a length of z is divided/marked off into
the series/rov of the sections of ssall length Az. The first equation

of heat balance for the i section will take the following fora:

Fu = i (o o) (7. N

vhere LT a8 heat-transfer coefficient fros hot air to the walls of

longitudinal channel in ¥/m2edeg.

Analogously is composed the second equation of the heat balance

v s




e
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GniSndzi - G e, A (7. 1m

ia which S, - ‘sizesdiseasioa of zome heating for the erxternal
enclosure of ptofile/aitfoil. To these tvo equations is connected the
equation for external heat flux ¢, averaged along the length S, The
calculation of the required flow rate of hot air (and of the
sizes/dimensions of channel) is produced also by the method of
successive approximations. Thus can be produced the calculations of
heat transfer in the diagrams of deicers with the

longitudinal-transverse distribution of hot air.
7.2. Calculation of heat-transfer coefficients in internal ducts.

Por the solutions of the egquations of heat balance it is
necessary to knov the coefficients of internal heat eaission «' from
hot air to the walls of chamnel. Heat-transfer coefficients at the
entry into transverse channel are greatest and further are decreased

to constant value {11), {38]), [64]), [68].

Por the calculation of heat-transfer coefficient in the
transverse channel of that of most being adequate/approaching is the

following foraula:

) , ]
a = (1 + |_7i‘sl)ag, ém. #*. 2pao, 7.1n

Key: (1). W/m2edeg.

4
A
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in which d, is a hydraulic diameter of channel, S - distance froa the

beginning of channel, and a*y -~ heat-transfer coefficient during the

stabilized course in chaanel. This coefficient is detersined thus:
an == 7,96 ( %;)0'2 (& ammgt’epaa. (7.12)

Key: (1) . W/m2edeg.

Heat-transfer coefficients from hot air im longitudinal channel
vith the fluted lower covering it is possible to find froa the
expression

) _ (v/
@ = 2,2(1;;)"" (G108 am/u?. 2pad. (7. 13)

Key: (1). W/m2edeg.
Page 20%.

If in longitudinal channel is utilized flat dual skin/sheathing,
and also vhen deicer does not have transverse channels, it is

possible to use formula for the turbulent flow in the tubes

. 2 = t
a =637 (1‘.11"— )0" (X am/nie,paa. (7. 14)

Key: (1). W/aZedeqg.

Por a clarity it should be pointed out that G is mass rate of

g2

- ey e

e g
i P Y,

e e © e
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discharge (air flow rate, in reference to the cross-sectional area of
channel), and value of so-called weffect ive® ténperaﬁnto T is
defined as the mean arithaetic value of inlet teaperature aand at the

output of channel or section of channel in question.

7.3. Calculation of the temperature of air in manifolds and

longitudinal channels.

By another paraseter which is regquired to knov for solving the
egquations of heat balance, is teamperature of air at the inlet into
the chamnnel of deicer. Before hitting the deicer of one or the other
aircraft component, the hot air amoves from source over inlet pipes,
losing in this case certain quantity of heat. Further decrease of the
teaperature of hot air occurs in the longitudinal channels of deicer

or in distributing pipes (tubes ®piccolo%.

Por the calculation of a temperature drop in distribution
netvork of the air-heat de-icing systeam let us examine the
conduit/manifold of constant section vith a length of /... along which
flows hot air wvith persanent flow rate/consumptioa G, and variable
temperature t',. Let us isolate on this conduit/sanifold infinitesinmal
section 47 and let us compose for it the equatioa of heat balance

during the trimmed/steady-state flowv conditions:

—CGrpdt’ - Kop(t — to, 1) [1dl, (7. 15)
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vhere ., ,, - ambient teamperature out of the coaduit/manifold;

ﬁ P - perimeter of the coanduit/manifold;

e g ISR
e e e AT A Sl ol

K,, - coefficient of heat tramsfer, deteramined in to the forsula

7q

! o,
Kip = ,L_ 7_:“6.,, Ty oem MEopadd, (7. 16)

am A-n;l Qo. rp

Key: (1). U/aZedeg

vhere a#' -~ heat-transfer coefficient to the internal vall of tube in

i/n2deg;

%.1w» - heat-transfer coefficient froam the external wall of

conduit/manifold into its ambieat medium in ¥/m2deg;

... = coefficient of thermal conductivity of
imsulation/isolation in W/medeag.

Page 205.

Iantegrating equation (7.15) (taking into account boundary

condition - -, . with { =0, we will obtain the instantaneous value of
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the temperature of air ‘along the leagth of the tube

= (thx— o,,,)exp(—g%’:— 1)+ b oy (7. 17)

Consequently, the decrease of the temperature of hot air at

output from this conduit/manifold will cosprise

At. ="t;x‘t' = (t‘lx_to. rp) [l -e.‘(p( - ‘I‘(}‘D/} . (7. 18)
. o J

The air flov rate can be decreased in proportion to
approxisation/approach to deicer, which in turn, will produce change
in the coefficient of heat transfer. Therefore the total decrease of
the temperature of hot air Ai: im distribution network fros engine
to the channel of deicer will be egual to the sum of temperature
drops in each tube. Thus, temperature of air at the inlet into

channel is detersined by the relationship/ratio

t’lx. K = t;w — At! (. 1w

The temperature of selected/takea air /. is determined on the
basis of the characteristics of heat source in this mode/conditions

(for example, in accordance with the engine characteristics).

Thus is designed a temperature drop of hot air im longitudinal
feeders and tubes "piccolo®, moreover it is necessary to coasider
that the air flov.rate is variablesalternating along the lemgth of
longitudinal channel, since in proportion to motion it is




e S el
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abstracted/resoved either into transverse chamnels or it
escape/ensues from openings/apertures (tube "piccolo®). Therefore the
calculation of a teaperature drop in longitudinal channel at length 2
before the cross section of deicer im geestioa can be produced on the
basis of formula (7.17), acceptimg Al = {see Pig. 7.1), and the air
flow rate per the i section of channel it is located through the

formula

U; = Uy — 2mi,u,. AR

vhere 2m, - a quantity of transverse channels on upper and pressure

side of profile before this cross section.

In this case the local coefficient of heat transfer is located

through to the formsula
(n
K= 1 ém M'.-2pag, (7. 21a)

e
@y Gy

by Key: (1). W/mZedeag

vhere 2. - heat-transfer coefficient from hot air to the internal

walls of longitudinal chaanel in W/am2edeg;

€9 - heat-transfer coefficieat from wvall into the internal

cavity of wing in W/s2edey.

PR
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]

. |

Analaogously for tubes "piccolo" let us have : 4

Gi = Gy — My G, (7.29) ']

; vhere s - guantity of openings/apertures before this cross section "3
and &

. _

K, = - l—-“l -\ ‘ﬁ;n’.u’-L'/*u(). (7. le) E

(LPS W, ‘r;-

'

Key: (V). %/n2edeg.

Let us note that value ., bere and in formula (7.16) is

detersined in essence by the coaditions  for free convection and can

be found fros the formula, yivenm in vork [64]):
% rp - 11,0 - 0.0100g ) Trp, .23
moreover it is possible to consider that
t' ,0' 1[_)

Lop == B

-

(7.29)

Since the temperature of hot air in longitudinal channel is
decreased, then the calculation of the required flow rate of air
wvhose procedure is presented above, it is expedient to carry out for !
tvo cross sections of deicer, which correspond to maximum (for the

evaluation of possible superheating) and minimsum teaperature of air

gor= "




DOC = 79116310 PAGE g}

in this channel., Determining will be the cross section in which hot

air has ainimua temperature.
7.4, Hydraulic design of systes.

Por the satisfactory work of air-heat POS it is necessary to
ensure the appropriate pressures of hot air in distributing pipes and

at the entry into transverse and longitudinal channels.

In this case is performed hydraulic design. Losses of pressure

in transverse channels are deterained fros the formula

ety (0

: d oM, (7. 25)

e = (S “Cr]E&QJ‘E

KC\’ Ly, Mlm él_
wvhere ... - an intake loss coefficient;

tr - coefficient of frictionm.
On the basis of experimeantal data it is known that I.. =0,5+1,0.

A pressure drop in lomgitudinal air duct along leading edge can

be calculated by the analogous foraula

ol
\p, = Cr Ty dn{;w H ml (7 26)
%

Key o). Njm 2.
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Page 207. "

If the lover coveriag is carried out fluted, then the
coefficient of friction ¢ in this formula can be calculated

approximately according to formsula for the strongly rough tubes:

b

.. rae Re, = ;”*”. AR

V.22
=
eK

KCH‘U\‘MhhrL

But if are utilized transverse channels in the form of dual
skin/sheathing, then the value of the coefficient of friction is

found through formula for the usual technical conduits/manifolds:

0184

€t Bev

(7. 28)

Losses of pressure in the straight/direct sections of the

conduits/manifolds, wvhich supply hot air from engine to the shielded

surface, is designed froa the forsula

ap,p = 2 (.:l + fi *L—) “J-‘._,l; . (7. 29 !
-

t
in vhich number n it is a number of sectioms im distribution network, i
and the valuwes of the local factors of loss . amsd local coefficient ﬂ
of frictioa C; ia the i sectiom of distribatioa metwork are taken on 1

the basis of the experimental data given in the reference literature '

(see for exaaple, [18)). %
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Rydraulic design of the air-heat deicers, carried out according
to diagrams in Pig., 3.17d, e and £, differs from that given above
sose special features/peculiarities. In these versions hot air must
escape/ensue from the openings/apertures of tubes "piccolo™ with the
transonic speed; therefore all over length of conduit/manifold static
pressures must be not ‘less than critical pressures at givenm flight
altitude, It is obvious that in this case it is necessary to ensure
the unifora distribution of the hot air through openings/apertures in

distributive tube.

So that the static pressure along the length of conduit/manifold
would be constant, it is necessary that in the beginning of
conduit/nanifold the air speed would be more tham the air speed at
the end of the conduit/manifold and a difference in the dynaaic
pressures, corresponding to the speeds of air circulation along the
length of conduit/manifold, was aequal to the total loss of pressure
on main line. This it is possible to attain, if to accept the
specific cross sections along the length of conduit/manifold. The
change in the cross section can be carried out either smoothly
(conical tube), or it is gradual (the flexible pipes of different
diameter). It is desirable to provide minimum speeds along the length
of conduit/manifold and maxisum (sonic) discharge velocities from

openings/apertures.
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Page 208.

For the calculation of air pressure conduit/manifold can be i

considered as the chamber/camera of the constant static pressure,

equal to critical. Ve consider taat during the outflov of air fros
openings/apertures is lost one dynamic pressure alone, which
corresponds to discharge velocity !'..,. Purthermore, as a result of the
compression of jet upon the entry into opeaing/apecture:.. - 0.5.and

exit losses are rated/estimated by value ... = 1.0. These losses aust

be equal to static air pressure in conduit/manifold [ 19]
p =152 :

Let us assume that in the beginning of conduit/manifold the
speed is greater than at the end before the latter/last
opening/aperture, i.6., V,.,> V.. Por the constancy of static pressure

all over length of main line it is necessary to observe the equality

% \V
Y 5 (pr k Apu)' (7' 30)

vhere 7y - total loss of pressure to frictiom along the length of
|
distributing pipe in N/a2; E

\p, = loss of pressure in the local resistance of all

openings/apertures in conduit/aanifold in w/m2,

; ‘ . e et e T e S R e 4
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For simplicity of calculation let us accept such values of the

diameters of conduit/manifold so that the air speed after each

v e e b v e e e

opening/aperture wvould be decreased by one and the same value

AV, . Huae=Vaon (7.31)

n ?

vhere n- number of holes in conduit/manifold.

Loss of pressure between adjacent openings/apertures due to

velocity change during the division of flow will be equal to

| Viaw — Viou \2 L Avp
Apy = “y (.-”__n___”) ‘g’ =507y - (7.32)

. LA T TR TR TSI L ST NN e e e

Since along the length of coaduit/sanifold there are by an of
openings/apertures, them total lass of pressure on local resistance L
vill comprise I

2 Apn N 3% (Vnu . Vl(on)‘ ‘g‘ . (7 33)

Adding to this value N )\p, loss of pressure on friction X \p, we

vill obtain the total loss of pressure in conduit/manifold, vhich

sust satisfy eguation (7.30). Otherwvise should be to accept other

values of speed V,. and V,, and again fulfilled the calculation of

losses.

Page 209. i
!
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After conducting of coaplete hydraulic design of air-heat
de-icing system total losses of pressure sust be coampared vith the
available pressures of the source of hot air at given
height/altitude. For the operation of system it is necessary that the

avajlable pressures would be more than calculations.

7.5. Calculation of the temperature of heating surface during the

flow of its “dry" air.

Besides the flov rate of hot air it is fregquently necessary to
know the temperature of heating surface during the flow of its %“dry"
air. Let us determine the temperature of surface during the
trissed/steady-state mode/conditions. Por this let us break
transverse channels into the series/row of sections 1, 2, 3, .., 1,
esey N Oof small length \S, and for each of them let us examine the
systea of equations (5.2), (7.6) and the eguation, analogous (7.5a),
but for a "dry" surface (for the velded joint of skins/sheathings):

Yui = a; (tn; — 1},), '

Guitt - a; (4 — ty;) 2, (7.34)
Tnid AS; - 1‘;6.. A!a"' l

In this case according to (7.7) we accept
t‘: =’;xi —~‘2| Af,
Then from systeam of eguatioas (7.34) ve are have

ot B
ni i ~8, ° (7.35)
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vhere
boxi = lyx iy — Al _y, (7. 36)
Ay =Ciy(taics — i) (7. 30
Ia these foraulas 5 and C;, are the disemnsionless coefficieats,

which are the thersal characteristics of chanmel iz this section \S;:

AS
¢ =2 a, (7. 38)
L, ¢
B, =5 (C +4-2). (7. 39)

It is mecessary to aote that ia the case of the riveted
connection (more precisely saying, in the case of the heat-insulated

corrugation) coefficieat 5, will have other soaewhat writing:
B,=%(C‘+2i:-—::—). (7. 398y
Page 210.
All resaining calculation formulas remain without change.
On the basis of given formulas (7.35)-(7.39) it is possible to

find the temperature of surface in the middle of each sectioa AS, if

is known inlet temperature into transverse channel. The analysis of




o
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eguations (7.35)-(7.39) shows that the teaperature of external

surface in the i section can be raised by three paths:

1) by an increase in the temperature of air at the inlet into

transverse channel (...

2) by an increase ia the flow rate of hot air, which leads to
the decrease of a temperature drop of hot air in i section y\; and,

therefore, to increase ;;

3) with an increase in the heat-transfer coefficients.

Por the prescribeds/assiganed flov rate of air of an increase in
the heat-transfer coefficients », it is possible to attain by
decreasing the cross section of chambels, i.e., by decreasing the
height/altitude of corrugations, as this follovs from the examination

of equations for heat-transfer coefficients.

An increase in the temperature of hot air at the entry into
transverse channel has limitations from the point of vievw of the
strength of the outer covering. For usual duralumin skins/sheathings
is alloved/assused the saximua teaperature of heating on the order of
100°C. Calculations show that in that case the temperature of hot air

at the entry into transverse channel must not exceed 200°C 13,

e e e gz = v -
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POOTNOTE . If air supply with higher temperature in any flight
conditions is not eliminated, then it is necessary to provide for the
installation of the limiters of the teaperatures which must

disconnect the supply of hot air to overheated section POS.

¥ith known extent zone heating on the enclosure of
profile/airfoil it is possible to find the optisua relationship/ratio
betveen the height/altitude of transverse channel, the flowv rate of
hot air and the temperature of hot air on the entry into this
chamnel. The relatiomship/ratio indicated will be deterained by such
values: h, G, and ¢,,, &t which the value of the coefficient of heat
efficiency ". determimed according to foraula (7.1), will be maximum
for the given coastruction/design of deicer. In order to find the
optiaus values of the paraseters indicated, it is necessary to
fulfill calculations according to formulas (7.35)-(7.39) for
different values 5., G, and ‘x; aad then according to formula
(7.1 to find the coefticieants of heat efficiency in each special

case.

7.6. Conversion of the characteristics of the air-heat heaters of

surface on flight conditions /N "dry"™ air.

s N B .
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Let us derive the relationships/ratios between the
characteristics of air-heat deicers in two arbitrary sodes/conditions

on height/altitude and speed for the case of flight in “dry" air.
Page 211.

The quantity of heat, which exits from heating surface of ¥ per

unit time, in flight in ®dry» air can be found from the equation
Q=elt,— %) F, (7. 40)

vhere the average heat-transfer coefficient in external flow e is
deterained fros foramula (5.20), and value'zg - according to foraula

{(5.5) for casae of V,=V4e.

Pormula (5.20) corresponds to turbulent flow conditions in
boundary layer on surface of body. Specifically, this flowvw conditions
is of greatest interest duriny the calculation of the paraseters POS,
as was showvn in chapter V. A difference in the temperatures in

brackets can be represented as follows:
fo— s = Ay — Af5,
shere, in this case, Af} - averages/mean teaperature drop between the

temperature of surface and the temperature of airflow. Comnsequently,

finally let us have the following egquation for the heat flux:

Q=C gj(p»Vo)""(A?.-- A%). (7. 41)

— e g e e

e AR o ann
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As follows froa forsulas (7.3) and (7.20), the total air flow rate,
necessary for protection from the icing of surface with an area of P,

it will be equal to

Gz = —%
7 (4‘wd — Aty — Ay} y

Let us preseat this dependence into somewvhat other fora
Q= Gy (Ators — Aty — At) . (7. 42

In this formula Af,, 1is the teaperature drop between the temperature
of the air, selected/takea fros engine ‘.. and the temperature of

surrounding air t,.

Substituting equation (7.42) in equation (7.41), ve will obtain

o (Mgos — Mz — B = C g oVl (aF, — 85).
CoT e .43)
Prom the comparison of tw differeat flight conditions escape/ensues
the following gemeral/coamon/total equation for the combined effect

of height,/altitude and speed:

Gy (Al —~ Aty — &Fg) - s a e .
53 (Blorg  — Ay, — Mg) - EVV‘)M Ator — Oty )
o (Oer—ita— Gy~ (P2} T MR

p‘g' 212.

P
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During the compilation of equation (7.44) wvas produced the
contraction of the coefficients of the heat efficiency of systes in
tvo different modes/conditions. Generally speaking, this coefficient
has different values in flight conditions, but these differences are

small.
Let us examine several calculated cases.

1) In flight at the permaneant height/altitude pgy=Ppoze
consequently:

Ui (Mg — My = d00) (4 i Aty — &by

S — =——=%. (7. 44a
Gys (Mg . — Mg, — Aly) gy — Aty ¢ )

Vo

2) at persaneant true airspeed V,,=Vq, and A;, - \,. therefore

Gy (Miygy — A — Sigy) _ ( - )9,9 Aty — Aty 7. 44dy

Gy (Mg~ M — AL, [ Sty, — Xty

3) at permanent indicated airspeed wvill occur the following

relationship/ratio:

Q|V<2n = szgg

or

FO el e ot i e 0
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Substituting this dependeace ia eguation (7.84), wve will obtain

Gy (Btors 1 — Bty — Blyy)
Gy (Ao s — Aty — Stp)

- ( To1Pn1 )0"' Aty — &iy (7. 440
TPz At,, — Ais (Polrn )
i R\ PesTr

The given equations make it possible to design the
characteristics of the air-heat deicers for any mode/conditions, if
are knovwn the characteristics of this deicer to some mode/conditions.
Obvious also that for such conversions must be known the engine
characteristics on height/altitude and speeds, available flow rates

of air and temperature of the selected/taken air.

7.7. The approxisate coamputation of the flov rate of hot air for

jet-edge protection fros icing.

Let us examine the approximation method of the calculation of
the flov rate of hot air, necessary for the jet-edge method of

protection froa the icing (see Section 3.2 and 5.95).

Page 213,

In sixing zone the air, which escape/ensues fros the nozzle (see

Pig. 3.21b), behaves as the jet near the wvall vhose temperature can

be determined approximately froam (5.60) or from relationship/ratio,
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which is given in work [ 139 ]2

Te—Ty _ § \—0.5

shere h - width of the slot of two-dimensional nozzle »;
S - distance along surface from nozzle edge =a;

T. - temperature of the surface of glass at a distance of S froa

nozzle in °K;
T.ux = temperature of hot air at the nozzle outlet in °K.

Latter/last equation is correct for the case vhen discharge
velocity behind the nozzle is close to sonic (during this
mode/conditions jet-edge protection is most effective). The air flow
rate during sonic outflow behind two-dimensional nozzle by length 4

is determined from the foraula

=4,08-10° - " _p; xgss (7. 46)

B leﬂl. ,VT;UI

vhere p.. ~ the total pressure in front of the nozzle in N/a2, 1

Solving together equalities (7.45) and (7.u6), we will obtain 4

< —g‘ a v' ':'- T.— T' 2 ji
G = T 333107 = (r‘ _‘ro) S. (1.47)

sME
4

raX ¢

’, el N M i B il




46 1

DOC = 79116310 PAGE _3¥

According to this foraula it is possible to deteraine the
matching flow rate of hot air per 1! m of the length of slot,
necessary for protection froms the icing of surface at a distance of S
from nozzle edge. Thus, for iastamnce, when
AT =Ty —To=30°C, pou = 2-10° B/n2, fwx = 200°C and t¢=-20°C is required
the flow rate of hot air G, =0.285 kg/sea, in order to easure
protection from the icing of the surface with a leagth of 5=0.5 a of
nozzle. This several tises more than it is required for protection
froa the icing of one linear meter of the wving whose deicer is

carried out on the usual diagrams (see Fig. 3.17). Therefore jet-edge

protection it is expedient to utilize for protection from the icing
only of those aircraft coamponents (helicopter), vhich have small area

and for wvhich it is not possible to use the more economical methods

of heating.

ORI
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Page 214,

Chapter VIII.

FPLIGHT SAFETY UNDER CONKDITIONS OF ICING?.

POOTNOTR !, Written by R. Kh. Tenishev. ENDFOCTNOTE.

Bach flight can be examined from the point of viev of providing
its safety and from the point of view of the normal accomplishing of
flight mission. Plight safety is provided, even if in the case of the
failure of any system aircraft can be planted at least on the nearest
airfield. Aowever, the normal accomplishing of flight mission,
obviously, can be guaranteed oamnly if all vital systems will act
during flight smoothly. Witk respect to these tasks must be

distinguished requirements aand to systeas,

8. 1. Evaluation of the probability of safe flight.

Questions of the circuit reliability of systems are presented in
the appropriate literature, for example [14]), [ 15): therefore we will
be restricted to the evaluation of the probability of safe flight

under conditions of icing.
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Let us examine different situations, during which is provided
(or it is not provided) flight safety under conditions of icing, for

example for standard thermoelectric POS, described in chapter III.
Let us record these situations in the form of the events, united
into products and sums with the aid of Boolean algebra, so that it
would be possible to compose the aquation of the probability of safe
flight in the case in question. From Boolean algebra it is known [ for
24 ] that to union corresponds the product of events, to union or - a

sum, etc. Thus, flight safety will be be provided:

a) if there is a reliable signaling of the beginning of the
icing

- and pilot in proper time included/connected POS,

~ and the temperature of icing in the case not lower than that

in question, for which was designed the systes,

- and operably works POS,

- and the signaling of soundness of POS correctly signals about

i - et : e
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the operable operation of systea?;

POOTNOTE 2. On many aircratt for a comtrol/check of the work of
deicers is applied not the siynaling of failure, but the signaling of
operable wvork, i.e., with the operable operation of systea burns

green bulb, in the case of failure it must go out. ENDFOOTNOTE.

or
b) if is reliable tha signaling of the beginning of the icing
- and pilot in proger time included/connected POS,
- and the temperature of the icing not lower than calculation,
- and operably works POS.

Page 215.

- and in this case refused the signaling of soundness of POS
(spurious signal of failure), and pilot takes measures for aircraft
handling as with "refused POS" (although actually POS works, since
the signal of the soundness of work weat out, pilot was forced to

consider that refused the systeam, if he does not have other means of

ey ———m e

e L

i —
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control/check of its vork);

r or
B
b c) if is reliable the signaling of the beginming of the icing
- and the temperature of the i1cing not lower than calculation,
- refused POS,
- and in this case correctly are signalled about failure
systeas,

- and pilot, knowing about failure of POS, in proper time takes

measures and correctly pilots tme iced over aircraft; or finally

d) if is reliable the signaling of the beginning of the icing

- and aircraft (helicopter) hit under conditions of the icing

lover than calculations with wahich the deicer cannot remove ice.

- pilot knows that he bhit under the conditions of icing
indicated and in proper time tocok measures for piloting of the iced

over aircraft (helicopter).

B e e R
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Sisilar situations can be examined, also, for the case when

flight safety under conditioms of icing is not provided.

Oon the basis of the enumerated conditions, utilizing algebra of
logic [24]), it is possiktle to record (after the appropriate

conversions) the equation of tne probability of the safe flight:

an = c:m[p:(PﬂoCPu.p -+ 0.’!Ocpn.ppuun -
+ Qn. anOL‘Punn)'+ Qerm]v 8. D

where P. . - probability of the reliable signaling of the beginning

of icing and timely reactioa of pilot to the signal;

P, - probability of flight under conditions of icing, which do not

come out beyond the limits of the calculations;

Pnoc = Probability of safe work of POS;

Py » -~ probability of the trouble-free operation of the signaling

systeam of the soundness ¢f work of POS;

.Quoc ~ failure probability of POS;

Qu.v - failure probability of the signaling system of the soundness of
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work of POS;
Q - it probability under the off-design conditions of the icing;

Pus. - probability of corract aircraft handling in the case of failure
of POS.

The conditions of grovidiag flight safety despite all the

exasined situations can be Clearly presented in the form of logical
diagrams (Pig. 8.1).

R
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% Page 216.
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Fig. 8.1. Logical diagram of probability of guaranteeing safe flight
under conditions of icing (a) and structural diagram of signaling of

vork of deicer (b).

Key: (1). flight safety. (2). if. (3). Signal of icing and reaction
of pilot are timely. (8). and if. (5). Temperature of icing
calculation. (6). POS is operable. (7). Burns signal of operable work
of POS. (8). it is provided. (9). or. (10). Spurious signal of
failure of POS. (11). Piloting in the case of failure of POS. (12).
Pailure. (13). There is sigmal of failure. (14). Temperature of icing

lover than calculation. (15). Switch. (16). Switchboard. (17).
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Thermosvitch. {(18). Contactors. (19). Peed circuit. (20). Heaters.

(21) . Temperature of icing. (22). Signal of operable work of POS.

Page 217.

In these all cases it 1s assumed that the probability of the
reliable and timely signaling of the beginning of icing is high.
Otherwise flight safety, as can be seen from the given above
equations, it is not provided. Untortunately, not all existing
ice-indicating equipment satisfy the necessary requirements.
Therefore pilots freguently detersine the beginning of icing, for
example, on the icing ot glasses, and also according to soame indirect
signs/criteria (behavicr of aircraft or helicopter with icing,
appearance of vibrations, etc.). However, such signs/criteria are
alvays not reliable, especially during night flights, but for some
parts as on engines or helicopter rotors, to await their appearances
is hardly admissible. Furthermore, the presence of reliable signal

indicators is the necessary conditions of applying automatic turan-on

of de-icing systeas.

As far as signaling is conceraed of operable work of POS, then
it also alwvays is not successful. As an exaample Fig. 8.1b gives the
structural diagram of the signaliny system of the soundness of the

vork of deicers, which is applied on some aircraft. Proa diagras it

PR TR
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is evident that this system actually signals only about the operable
work of switchboard and cannot react to the failure of the resmaining
elements of system (contactors, heating elements, thermoswitches,
supply leads) and, therefore, has the sufficiently large probability
of the spurious signal of operamle vwork vith which can arise

dangerous situation.

If ve examine not conly tae task of providing flight safety, but
also the requirement of the successful accomplishing of target, then
it is obvious that the latter can be fulfilled only in the first of
the examined above cases (see page 214), since in the case of any
failures of POS flight with iciag can be carried out only from by
more or less considerable flight limitations. Thus, the probability
of the successful accoamplishing of target under conditions of icing
can be sufficiently great only with the very high probability of

failure-free operation of POs.
8.2. Means of the signaling of iciag.

With the need for the reliable signaling of icing, besides the
aforesaid in the precediny/previous section, is connected still the
fact that the systea is completely operational under normal
conditions for operation, upon overdue inclusion/connection during

prolonged time it proves to be ineffective. Pirst of all this is
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related to the systess of permaneant actioa and the "thersmal knives"
of the deicers of cyclic action. In this case ice built-up edge
thaws, but is not thrown off, pressed by the flow (see Pig. 3.5a).

Page 218.

The signaling of icing is accomplished/realized with the aid of

the signal indicators which are fuilfilled usually in the form of the

independent self-contained devices (although there are such, which

enter into construction/design of POS).

Are at present known (yearly it is proposed) many signal
indicators of different types and constructions/designs. Everything
it is possible to conditionally divide them into two basic groups
[115]):

1) the signal indicators of direct action,

2) the signal indicators of indirect action.

The signal indicators of the first group react to the presence
of ice on sensor, Their fundameatal shortcoaing in the fact that they
give signal only after certain time after the beginning of icing angd,

furthermsore, many of theam do aot react to the "horn-shaped"™ foras of




o
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ice which is obtained during the specific combination of the

conditions of icing and flight conditions (see Chapter 1I).

To the sensitivity of the signal indicators of this group to a
considerable degree affect the form, sizes/dimensions and site of
installation of sensor om aircraft and helicopter. Prom chapter IV
follows that their sensitivity the higher, the less the diameter of
the semsor (if it cylimndrical) or is pointed its end connections (if
it shaped) (FPig. 8.2). The decrease of the thickmess of sensor is

linjted to its mechanical strength and need of positioning/arranging

in it the heater.

The site of installation of sensor oan aircraft asust be selected
so that air flov on the way to sensor would be overshaded in no way,
on that already turned the attention in Section 4.4. Vital importance
has also a selection of the distance of the sensitive part of the
sensor of skin/sheathing (i.e. the operating altitude of sensor). The
speed of ice formation im proportion to removal froa the surface
changes: at first it usually grows/rises, at certain distance it
reaches maximus T... then again somevhat is decreased and it reaches
value /... This occurs in accordauce vith the change in the
concentration of water conteat near the streamlined body, wvhich

"adjusts”® the trajectories of drops.

—
e e T T
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and fors.

Key: (V).

Page 219.
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Ice formation on the semnsors of different size/dimension

FPlow., (2). Clean surface. (3).

Consequently, the speed of ice formation on seasor /a differs from
the same on aircraft cosponents as a result of two reasons: the large
difference between the size/dimension of sensor and the
sizes/dimensions of the icing up aircraft components and change in
the concentration of wvater conteant near body surface. This
concentration near body can be both the increased and reduced

relative to the vater content of the undisturbel flow, in the latter

. I‘IH' TR SRR "-4}6&-‘ .

Horn-shaped ice.
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case /. = /- (Pig. 8.3). DisStamce h, .. Of region with the maximua
concentration of water content depends on many factors and can be in

linits from centineters to several ten centiseters.

Prom the aforesaid it follows that most successful place for
setting up of the sensor of signal indicator is the front/leading
lover part of the fuselage or wing. A question about the setting up

of signal indicator in enyine requires special examination.

The signal indicatcrs of the second group react to the presence

in the atmosphere of the drops of water. They are based on the

principle of the measureaent of the indirect values: heat emission,
electrical conductivity, resistance, etc. The sensitivity of them is
considerably above - they give siynal virtually simultaneously since |
the beginning of the icing, and in certain cases even for several !
seconds prior to beginning (because of an iaprovement in the humidity |
and a change in the tesperature near cloud). Fors, sizes/dimensions
and site of installation of seasor little affect the sensitivity of
these signal indicators. However, their essential shortcoaing is the

fact that they can be used only in combination with the

device/equipment (diagram), which reacts to the tesperature of

surrounding air, which sust separate/liberate the spurious signals, i

vhich appear from wvater drops at temperature higher than 0°C, and in

certain cases - from crystal vater. In view of instability and

B sd
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insufficient reliability of such devices/equipsent the signal
indicators of indirect action did not thus far obtain proper

use/application as series instrumeats.
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Pig. 8.3. Intensity of ice formation on sensor depending on its

location.

Page 220.

To the ice-indicating eguipment of indirect action can be

attributed also the resote methods of the detection of drop wvater in

the atmosphere: the existing radar and in principle possible (in the

future) ultrasonic and infrared or other methods which would make it
possible to signal about the presence of icing previously, prior to
the entry into cloudiness, but they, naturally, will also require the

reliable devices/equipment which would separate/liberate real signals
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about the presence of icing froa false ones.
Given belov table shows tne fundamental forms of the signal ‘
indicators of the first and second groups. ,
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Table 8.1. Fundamental foras of signal indicators.
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Key: (). Signal indicators. (2). Principle of obtaining signal. (3).
To vhat it reacts. (4). Pneumatic. (4a). A change of the dynamic 2
pressure or rarefactionsevacuation in instrument with the icing of t
pickup holes acts on the meabrane/diaphragm, which closes electrical
contacts. (8b). Pressure difference in iced over and comnstantly
varsed sensors acts on the meabranes/diaphragm. (5). To ice. (6). f
Then. (7). Mechanical. (7a). Moament/torque from the rotating cylinder
upon the appearance on it of ice is transmitted to the lever
(scraper), circuit closing contacts. (7b). A difference in the ‘
centrifugal forces of that iced over and constantly wvarmed of the |
rotating blades/vanes of instruasent it is transmitted to the
lever/crank contact device, sensitive to unbalancing. (7c). A change
in frequency or amplitude of the vibrations of sensor during the
increase on it of ice is recorded in the form of signal. (8).

Radioisotope. (9). Change in flow of radioactive radiation with icing
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of sensor wvwith the aid of particle counter and aaplifier is converted
into signal. (10). Electrostatic. (11). Change in electrostatic field
vith ice formation on sensor is coaverted into signal. (12). Optical. '
(13). Change in intensity of straight/direct or reflected beam /in i
presence of ice on sensor with the aid of photocell and amplifier is ?
converted into signal. (14). Electroconductive. {(14a). Electrical

caonductivity of ice on sensor activates sensing relay. (14b).

Electrical conductivity of the porous layer, saturated vith the f

comsposition, which interacts with ice, activates of relay. (15 . To

ice and to drops of wateri.
|
(16). To ice, to drops of wateri, and also to crystals of icez2, f
Il
|
FOOTNOTES !, It requires blockings of signal at positive temperature. !
|
I
2, With very low tg can not react. ENDFOOTNOTES.

(17) . Thermal. (18). Difference in temperatures of moistened (with
icing) front/leading and unwetted rear of surfaces of sensor with the
aid of sensitive bridge or amplifier is converted into signal. (19).
To drops of wvater !, to crystals of ice 2, (20). Remote. (21).
Reflection of ray/beam c¢f locator froam clouds. (22). To presence in

air of drops of water ' or crystals of ice.
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Page 221,

The description several types of signal indicators (pneusatic,

mechanical with scraper, radioisotope and electroconductive) can be

found in wvork [58].

Bspecially one should speak about the signaling of the icing of

the helicopter for which, naturally, it is sost important to have a
signal about the presence of ice directly on propeller blades.
However, in this case we encounter with the contradictory
requirement: with tenmperature of air on the order of -10°C and lower
than blade/vane they ice up all over length, soreover the maximunm
thickness of ice is formed at the end/lead (see Chapter I1), whereas
at higher temperatures blade tip aot at all ices up, therefore, to
there establish/install the signal indicator of the beginning of
icing is impossible. Houwever, in root part is very low the intensity
of ice formation; therefore the establisheds/installed here signal
indicator of direct action proves to be considerably less sensitive,
i.e., signal appears only if at blade tip at average/mean and low
temperatures of air the thickness of ice already reaches the
significant magnitude. FProm the aforesaid it follows that for the
reliable signaling of the beginaing of the icing of helicopter it is
necessary to establish/install in the root part of the blade/vane the

extremely sensitive signal indicator of direct action or to apply the

s ]
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signal indicator of indirect action vhich can be
established/installed aboard. But it is sore expediently in all cases
vhen it is possible, to establish/install sensors in the valve port

i of engine.

Page 222.

one should mention about one more variety of ice-indicating j
equipment which can successfuily pve used for pilot's warning about i
failure of POS or the incidences/impingement of aircraft under
off-design conditions of icing. These are the signal indicators of

the presence of ice on the shielded surface, including barrier ice.

The use/application of such instruments can considerably raise flight 3

safety under conditions of icing. They can act on the same principles

as the described above signal indicators of the beginning of icing,
but they must be established/installed directly on the icing up parts
of the flight vehicle.

e —— A - sy
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Page 223.

Part Two.

- e e
o r .

ER L TN

METHODS FOR TESTING DE-ICING SYSTEMS.

The tests of de-icing systems are subdivided into the tests

vhich are conducted before the creation of flight vehicle, and to the

T TR

tests of experimental aircraft or helicopter according to the

evaluation of characteristics and effectiveness of its POS.

During the design ot aircraft or helicopter are conducted model

tests and separate elements/cells of their shielded of icing parts on
laboratory installations, then - tests of experimental mock-ups or
sections on stands or flying laboratories. In tests are more
precisely formulated calculated coefficients, thermal characteristics
and other data, necessary for designing full-scale POS. Furthermore,
if previously it is not represented possibly of theoretical analysis

or from experiment of the investigations of the preceding/previous |
constructions/designs tc design the optimum constructiom/design of H

experimental deicer, then this can be made as a result of comparative

tests of several experiamental aock-ups (secticns). }
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The tests of experimental deicers in flight can be carried out
both in the artificial ones and in the natural conditions of icing on
the specially equipped aircraft or helicopters, but preference in
this stage should be returmed artificial icing. In this case in the
stage of the tests of experimental aircraft or helicopter is produced
the evaluation of the work of deicers and their aggregates/units,
development/detection and elimimation of possible shortcomings, but

in the stage official tests of aircraft or helicopter - a

general/common/total evaluation of the effectiveness of all de-icing

systeas,

According to methods the evaluations of characteristics and
effectiveness of testing systeams are subdivided into the following

forms:

- testing out of the conditions of icing (in "“ary™ air);

testing under conditions of the artificial icing; 1]

testing in the natural icing; f

- testing according to the aevaluation of the effect of icing on

flight aircraft characteristics and its pover planmts.
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Tests in "dry" air are necessary mainly for deteramining of the
thermal characteristics of systeas and their comparison with
calculations. The available methods of the conversion of the external
thermal characteristics of the systems of heating as this is obvious
from V¥, VI, VII chapters, make it possible to sufficiently accurately
rate/estinmate the effectiveness of thermal deicers vith point the
views of the necessary power of heating. But the sufficiency of the

sizes/dimensions of the shielded zones can be checked only under

conditions of icing, moreover these conditions about parameters of
drops and to asbient teaperature amust be not below calculationms,

othervise the results of tests will not be convincing. Conducting
such natural condition tests proves to be extremely difficult, it

requires a very large nuaber of flights and due to the seasonality of

the conditions of icing usualily is involved/tightened for a prolonged
tise, especially if it is necessary to test several experiamental

versions of deicers.

Tests vith artificial icing do not depend on meteorological
conditions and season, since the conditions of artificial icing are
established at experimenter's discretion. This makes it possible to i
carry out the tests of prototype systeas within considerably shorter

periods and under the prescribeds/assigned, standardized/normalized

'
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conditions. In this case in the portion of natural condition tests
remains only a small nuaber of check flights, necessary for the

evaluation of efficiency of an eatire system as a whole, including

the signaling of icing, and also for checking the effect of icing on

the behavior of flight vehicle in failure of POS.

!

PR

Hovever and for the last goal in many instances more expediently

to resort to the artificial imitators of the icing vhich make it

possible to rate/estimate the effect of icing more rapid and it is

more precise than under natural conditions, since as a result of the
great variety of the forms of ice and their variability in of tests,
periodic destruction of built-up edges (especially on propellers) it

is to difficult compare the results of investigations, obtained even

T T e e——

during one flight.

Tests according to the evaluation of the reliability of de-icing
systeas encompass tests regarding their functional characteristics
and special tests for obtaining the quantitative indices of

B reliability. ¢

Por the decrease of time and space of tests should be applied

the accelerated methods for testing, without wvhich, apparently, to

fulfill the quantitative evaluation of reliability of POS under

flight conditions is represented by hardly possible. As is known,

"
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there are twvo fundamental aethods for accelerated tests. 1) Testings
at the increased intensity of the factors, vhich affect the article
{loads, number of inclusions/connections, duration of the operating

modes, teaperatures, vibrations, pressures, etc.).
Page 225.

For the possibility of the evaluation of the results of tests
according to this method it is necessary to have previously definite
dependence of the mean time of the failure-free operation of
aggregates/units on the intemsity of the factors indicated. Such
dependences must be determined as a result of special laboratory or
bench tests of separate experimental articles or elements of systeas.
2) Investigation of the parameters and indices, vhich are deteraining
the reliability of articles and systems during the reduced time
intervals, and the subsequent extrapolation of the obtained results

for determining the mean time of failure-free operation.

In this book are examined sainly the methods for testing

regarding functional characteristics of POS.

N2 TSR, 5
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Chapter IX. H

TESTINGS BEGARDING THE THERMAL CHARACTERISTICS OF DEICERS?,

|
FOOTNOTE t, Section 9.1-9.5 and 9.7 are vwritten by V. K. Kordinov, %j
Section 9.6 - by V. K. Leont‘yev, section 9.8 - by V. S. Savin, {

Section 9.9 - by R. Kh. Tenishev. ENDFOOTNOTE.
9. 1. Methods of measuring the temperature of surrounding air.

Before testing/experiencimng aircraft or helicopter under
conditions of icing, should be detined the thermal characteristics of .
their de-icing systems in "dry” air, i.e., during flights out of the

conditions of the icing (im this case, as it was already said above,

B

{
|
|
by “dry® air is understood tame air, vhich does not contain drop vater {
1
or crystals of ice). ‘

For the evaluatior of system it is necessary to determine the

fundamental external parameters: the temperature of heating surfaces,

Ry e

the temperature of surrounding air, speed and flight altitude and

series/rovw of the internal characteristics which depend on type of
POS.
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So, for thermoelectric systems should be determined current
strength and voltage of supply of sections, in the necessary cases -

loss in wires/conductors, etc.

In the air-heat systeas, as a rule, they are aseasured: "y

2% QTR

- the mass flow rate of hot air,

-
A Wk

~ teamperature of air at the inlet and at output from the warmed 5
noses/leading edges of the parts of the flight vehicle, shielded froas '

icing, f,

~ the characteristics, which are determining engine power rating
{if hot air is selected/taken from compressor), etc. The methcds of
determining of height/altituae and flight speed are sufficiently vell

known [ 8] and do not require special exasination. 1
Page 226.
The temperature of surroundiny air is one of the fundamental ;

paraneters; therefore on the methods of its measurement one should

stop in more detail.

During determining cf the thaermal characteristics of deicers the ﬁ
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measureaent of the temperature of surrounding air should be produced
special thermometers, since the precision/accuracy of on-board

instruments for this purpose is insufficient.

Prequently is utilized in flight tests the so-called electrical
resistance thermomseter (ETS) with the chamber/camera of total
stagnation or its prototype P-69. This sensor is shown in Pig. 9.1,
has the heat-sensitive eleaent/cell, made from the nickel wire vith a
diameter of 0.05 mm, by rolled into ribbon thickness of 0.02 a= anad
wound around special framework/body out of hardened paper. Sensor has
four outlets, the relation to total area of which to intake area is
equal to 0.3-0.4. As is knowan, the temperature, received by the

theraometer of braking, 7.,. 1is deterained by the expression

= s k—1,p . 0
Trepw = To b Iiepu %R Ve =To+ Trepm 57 =

= To(l + 0,277 M), 9. 1)

vhere ., , - a coefficient of braking the thermometer vhich depends

on the ratio of the sum of discharge areas to intake area.
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Fig. 9.1. The constructioa/design of sensor P-69: 1 - nozzle; 2 -
framewvork/body of the heat-sensitive element/cell; 3 - wire-wound
resistor of the element/cell; 4 - strut of sensor 5 - plug-type

connector; 6 - outlet.

Key: (1). Plow.

Page 227.

The less this relation, the nearer value rou to unity and the
less the error from incomplete braking in chamber/camera sensor;
hovever, too low a relationsnip/ratio of areas leads to the increase

of the inertness of sensor. The method of detersining the coefficient

TR st e
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of braking is described, in particular, in work [8].

For sensors of the type ETS iastead of the coefficient of ‘

braking is utilized also tahe gualaty coefficient
14+02r M

v Tnap,u . _ir_e;?u'_‘ 4 .
N=—3"=— —o2m: - 2)
vhere T#* - teamperature, shich corresponds r. .. -!. Por sensors ETS-2

N=0.999, while for sensors P-69 N=0.996.

In this case the actual teaperature of air is determined froa

expressions (9.1) and (Y9.2) according to the formula
To= oy ©. 3)

In the practice of flight tests for seasurement the temperatures
of surrounding air utilize also a sensor P-5 from the asseably of the
thermometer TNV-15, which is at present established/installed almost
in all aircraft types. A seasor of the type P-5 according to
operating principle can be named the sensor of “critical®
temperature. The heat-sensitive element/cell of this sensor, depicted
in Pig. 9.2, is located in the marrovw cross section of the specially

shaped tube. 1

e e -
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Pig. 9.2. The construction/design of the semsor of critical
temperature P-5: 1 - nozzle; < -~ wire-wound resistor of the
heat-éensitive element /cell: 3 - supplementary resistance; § -

upright strut with the collar; 5 - plug-type connector,
Key: (1). Flow.

Page 228.

#ith the specific relationship of imtake F,, and narrow f.- of cross
Fax .

sections (P..I.. . 3) gapon reaching M20.45 in the narrow cross section of

sensor is established/installed critical speed (M, == 1)

S e e i S
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The value of the coefficieant of braking seasor };w froa flight

speed is variable, especially with small Mach numbers, vhen

coefficient can be even neyative, i.e., the temperature, received by

the heat-sensitive element/cell of sensor, can be even lower

temperature of the undisturbed flow, since a sensor of the type P-5

in principle differs frcms the seasor of total stagmation. It
respectively has another value of guality coefficient N,
Investigations established/installed, that the quality coefficient
for a sensor P-5 with M20.45 1s coastant and numerically equal to
0.9784¢0.001. Por M<0.45 its value is changed, as shown in Pig. 9.3.
The true value of temperature during the use/application of a sensor
P-5 is deteramined from foraula (9.1). Furthermore, for deteraining
the actual temperature of surrouading air at flight speeds from N=0.5
to N=1,5 it is possible to use the nomogras, given in Pig. 8
application/appendix. On scale 1 are plotteds/applied the marks, which
correspond to the values of flight mach number; on scale II are
plotted/applied the marks, which correspond to the values, obtained

by sensor P-S5, and on scale 111 are plotted/applied the marks, which

correspond to the actual temperature of surrounding air.

Por deteraining the actual teaperature of surrounding air at the

lov speeds of flight (to N=0.5) can be used another nomograa, given

e e
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on Fig. 9 application/appendix. On scale I are plotteds/applied the .
marks, which correspond to Mach nuabers of the flight; scale II is ‘
the auxiliary scale; on scale III are plotted/applied the marks of i
the values of quality coefficiemt N:; on scale IV are plotted/applied
the marks, which correspond to the temperature, put out by sensor,
and on scale V are plotted/applied the marks, vhich correspond to the

actual temperature of surrounding air. r
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Fig. 9.3. Dependence of quality coefficient on flight mach nuaber for
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a sensor P-5.

Page 229.

—ee i

Por determining the actual teaperature at the low speeds of
flight the obtained value Mach numbers plot/deposit on scale I and by
curve is determined the guality coefficient N, which corresponds to

the value of Mach number. The obtained value will deposit on scale

III.

marks on scales M and ¥ (I and III) comnect by straight line to

to rule. On scale 1V plot/deposat the value of the temperature,

determined by sensor.

nark on scale II, cbtained as a result of the intersection
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straight/direct, carried out through marks 8 and ¥, connect by
straight line with mark on scale IV. Intersection with this straight
line with scale V gives the value of the actual teaperature of

surrounding air in °C, An example is given on nomogras itself.

It must be noted that in practice are encountered sometimes the
cases of erroneous use/application for sensors P-S5 of the values of

coefficients of N or even r.,.. obtained for the thermometers of total

é stagnation. In this case the error in determination of t5 can be very

considerable.

9.2, Methods of measuring the teamperature of surface.

The measurement of tae teasperature of surface can be fulfilled
by different methods with the aid of thermocouples, tape/filnm
thermosensitive elements of resistance, thermistors, theramocolors,
pyrometers of infrared radiatioan, etc. IS most cosson both and

outside boundary the method of measurement of temperature with the

aid of thermocouples. Scosewvhat more rarely are applied fila gauges.

——

Measurement of the temperature of surface vith the aid of

thersmocouples.

B R i eI

As is known, the value of thermo-eamf (TENF) depends on a

DT
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difference in the tesperatures of the junctions of thermocouple and
material of its thermoelectrodes (conductors). Table 2 of
application/appendix gives value of TENF of some materials relative
to platinum with a difference in the temperatures of their joints in
100°C and some other physical characteristics of different metals and
alloys. Proa the table indicated it is evident that the materials,
produced in the fora of wire (for example, copper, constantan,
chromel, etc.), have in the which interests us tesperature range of
heating surfaces of POS small value of TEMP; therefore during the use
of thermocouples from materials indicated is regquired sufficiently
sensitive registering apparatus. Table 9.1 gives value of TENF for
the most widely used thermocouples in the range of temperatures to

500°cC.
Page 230.

Por recording of TEMP duriny tlight tests are applied the
potentiometers of direct curreat and optical chart recorders

(oscillographs), and in certain cases galvanometers.

The sajor advantage of potentiometers is the fact that the
readings does not depend on the resistance of the circuit of
thermocouple, since seasureaent is accoaplished/realized by a

compensation method.
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In practice in essence are applied the sovable potentiometers of
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a direct current of the type PP, which have the range of seasurements

i

from 0 to 71 sV, A fundamental reading error of this potentiometer
does not exceed #0.1 aV at temperature of ¢20 +#2°C and relative air
humidity not more than 80o/0. The supplementary reading error of
potentiometer, caused by the deviation of teamperature of the

surrounding instrument of air troms normal, does not exceed 0.10/0 on

s10°C,

The schematic of the connection of instrument - galvanometer,
tail of chart recorder and the like - to thermocouple is shown in 5?
Fig. 9.4. Into metering circuit of diagram enters the resistance of ‘
the framevork of instrument (galvanometer) R, the resistance of E

coupling or compensating leads R,. and the resistance of thermocouple
Rfﬂ‘

If TENF of thermocouple is egual [ .. then current in metering

Eﬂl ’
circuit will be equal to i= ;5 iy, _R®,' vhence voltage across :

terminals of galvanometer will be equal

U =iR, =E;— i (R - Reg)
9.4
or

EmRr B
U 7 Rr"‘ Rpg - Rvn’
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Table 9.1. Thermo-eaf of thermocouples in aV at temperature of

cold-soldered joint of 09°C.
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Key: (1) . Type of thermocouples. (2). Temperature of working junction

in °C. (3). Chromel-Copel. (4). iron- Copel. (5). iron~ constantan?,
FOOTNOTE t. These types of thermocouples are not standardized, but
frequently they are applied during the flight tests of POS. The value
of their TEAF can differ from the given in table values by ¢0.3 aV
for different samples/specimens of iron or constantan. During the use

of the thermocouples indicated should be carried out their individual

calibration. ENDPOOTNOTE.

Thus, voltage across tersinals of galvanometer is alvays less than

Ro. P

thermo-emf of thermocouple to value ! r, - Comsequently, the

greater the resistance of frasework R, im comparison with external
resistance, the less theé allovance vhich differs the value of

therno-enf of thermocouple from voltage across terainals of

galvanometer.

e

i i

i

ladt 2065

v ey .




DOC = 79116311 PAGE 9’09

In practice in order to avoid this correction and also some

other errors, thermocouples usually they calibrate together with the .
;% instrument used, taking into accouant the resistance of entire ?f
netering circuit. Calibration it is best to produce in the special '
thermostat vhere into the well agitated mediums (ligquid) are placed
standard thersometer (theraocouple) and working junction of the

calibrated thermocouple. The cold-soldered joint of the calibrated

thermocouple should be placed into thermos with melting ice, moreover
the temperature of this ice amixture at the point of the determimation
of joint must be checked by standard thermometer, since during the
insufficiently good mixing of sixture its teaperature at depth can
differ from 0°C (as is known, the yreatest vater density wvith ¢3°C).
In such cases is introduced tae correction for the temperature of a

cold layer.

Fhen selecting of the type of the tail of chart recorder it is
necessary previously to rates/estimate, how sany degrees of the

measured temperature it is necessary on 1 am of the ordinate of

recording, or hov many sillimeters of the ordinate of recording will

fall to one dagree of the measured temperature.

e it T TR -
hnid WA AT




e

DOC = 79116311 racs §DF

P
8
!

Fig. 9.4. Schematic of the connection of thermocouple to

galvanoaeter.

Key: (1). HV,

Page 232.

The ordinate of recording h of the selected type of tail is defined
as the product of current strenygth in metering circuit to the

sensitivity of the tail:

hozid = —omd

RF Rt R’ . or
vhere A - the sensitivity of tail into ma/mA vhich is indicated in

log book or description ¢f imstrument.

If one measuring meter it is necessary to fix/record readings
fros several thermocouples, then their connection is produced through

the switch (Pig. 9.5).
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Pig. 9.5. The schematic of the conamection of thermocouples to the

instrument through the switch: a) is single-wire; b) twin-lead.

Key: (1) . Working joints. (2). Switch. (3). Cold-soldered joint. (4).

Galvanometer. (5). EBlectro-insulation. (6). Chart recorder.

Page 233.
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Switching can be accomplished/realized either by hand or it is

automatic, for example with the aid of programamer.

Por recording a large number of points are applied the switches
of consecutive and grouj interrogation. The latter are utilized in
essence for the de-icing systeams of the cyclic action (since in tais
case is provided the simultaneous recording of the group of
thermocouples). A number of thermocouples in group is usually

selected equal to a number of tails in chart recorder.

During the installation of thermocouples on aircraft a
complicated question is tne tmermostatic control of cold ends. The
best version is the arrangemeant/position of cold ends in thermos with
melting ice. This is the simplest and reliable method, which ensures
the temperature constancy of the cold-soldered joints. But the
setting up of thermos near the surface being investigated is not
alvays structurally/constructurally possible. Purthermore, before
each flight it is necessary to follov servicing of thermos with ice.
Therefore in certain cases it fits other methcds of thermostatic
control of the cold-soldered joints. Thus, for instance, thermos can
be replaced with the well theramo-insulated box, temperature within
wvhich is known and virtually it remains constant/invariable during

experisent.

e e

LR VO SN

: A
R cemcisaindsh




poC = 79116311 PAGE ﬁg?

(2! B
flegeknrgvarmens Camnucey

- _'t,l_c'o (tic’con'ﬂ')
L'

[]
= |

Fig. 9.6. Circuit diagram into the circuit of the measuring

thermocouples of compensating thermocouple.

Key: (1). Working junctions. (2). Switch. (3). Chart recorder.

Page 234,

During the use of a diagram with the switch of the thermocouples )
of consecutive interrogation it is possible in the circuit of each |
thermocouple to corn . :cutively/serially include the compensating
thermocouple which must compensate change in TENF with a change in

*he temperaturs of the cold-scidered joints of measuring
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thermocouples. As shown in Pig. 9.6, the cold-soldered joint of
cospensating thersocouple can be carried out into any place,
convenient for the installation of thermos. So that the total
resistance of this metering circuit would not be considerable, the
vire/conductor of compensating tuermocouple it is possible to select
larger diameter than the wires/conductors of measuring theramocouple,
but materials of the wires/conductors both of the measuring and

compensating of thermocouples they must be identical.

As one additional example of the uses/application of similar
diagrams can serve the diagram in Fig. 9.7, in wvhich the
cold-soldered joint of compemsating thermocouple instead of the
thermos is derived into cavity of total stagnation type sensor ETS-2

or P-69 or into the special nozzie, equipped with thermometer.
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Fig. 9.7. The location of the cold-soldered joint of compensating
thermocouple in the sensor ot thermometer of the braking: R,, R, Rj

- ratio ares; "1 - additional resistance.

Key: (1). Working junctions. (2). Switch, (3). Plow. (4). Chart
recorder. (5). Electrical resistance theraoseter. (6). Storage

battery.

Page 235.

Is applied also the automatic introduction of correction for the

temperature of the cold-soldered joints with the use of compensating

e TR
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resistance as this shown, for example, in PFig. 9.8. Specially matched
ilpodnucdla, connected into one of ratio aras, is sensing element,
vhich reacts to a change in the temperature of cold emd. With a
change in the temperature of the cold-soldered joint changaes and the
value of resistamce R, in connection with which bridge it leaves

equilibrium and the appearing voltage on measuring diagonal

compensates a change in TEMFP in the thermocouple. Shortcomings in
this diagram are: the decrease of the sensitivity of measuring
thermocouple and, conseqguently, also the accuracies of measurement
due to the inclusion into the circuit of the thermocouple of
supplementary resistance, the difticulty of agreeing the change in
the voltage on the measuringy diagonal of bridge with a change in TENF
in the thermocouple, the pneed for strictly stable supply voltage of
bridge.

It must be noted that the wires/conductors, identical using
material to thermoelectrodes, used for the elongation of
thermocouples, frequently call compensating leads. However, it is
necessary to bear in mind, that they do not compensate the
temperature of the cold-soldoted'joint, as sosetimes erroneously they
assume/set, but they only transfer it of one place into another. This
erroneous opinion, obviously, is connected with the fact that the
series/row of the measuring meters, frequently used for the

measuremsents of temperature, nas internal temperature compensation
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and account of the temperature of the cold-soldered joints in thes it

is fulfilled by automatically mechanical or electrical methods.

If thermostatic control is fulfilled it is not impossible, then
it is necessary to ensure the permanent measurement of the
temperature of cold ends. For this can be used the resistance strain

gages (tape/film or of the type P-1), thermistors, etc.
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Pig. 9.8. Diagraam of automatic correction for the temperature of cold

end.

Key: (V). Chart recorder. (2). Storage battery.

Page 236.

If the temperature of the cold-soldered joints is known, then the
introduction of the corresponding correction (by calculation or with

the aid of calibration curve) does not represent work (87], [59].

Before instaling on aircraft or helicopter all thermocouples it

is expedient to break into groups with identical resistance for

decreasing a number of calibration curves.

Sealing of the working juactioas.
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The sealing of the working (called also "hot") thermocouple
junctions at the selected points of surface can be realized with the
aid of soldering, calking, welding or their attachment to surface.
Por the soldering of woerking joint to Duralusin the surface in the

place of soldering (FPig. 9.9) is cleaned, are degreased and are

e

tinned by the solder ®"Avia® or py the alloy, vhich consists by wveight

of 500/0 of zinc and S500/0 of tin. This used for soldering iron must

have sufficiently large heat output or skin/sheathing must be heated

by any other heater. It is necessary to keep in aind that the

e 1V R oy, VSRR MM T

soldering iron bit must be pures/clean from colophony. The presence

even of an insignificant quantity of colophony does not make it

i possible to produce tinning, since liquid solder in this case is
i asseabled into drop and does not adhere to surface.

Por increasing the precision/accuracy of measurments in
skin/sheathing are done the deepemings (grooves), in which wvorking
joints seal in theaselves or are calked. The depth of groove is
selected from strength condition of skin/sheathing. The width of

groove must be 1.5-2 times greater than the thickaess of tvo

thermoelectrodes of theramocouple. The length of groove must not

exceed 15-20 aa.
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The ends/leads of the conductors for their soldering to surface
are cleaned to the length of 5-8 am and are tinned by usual sclders.
If tinning wvas produced with the aid of colophony, then its
remainders/residues must be removed by the tampon, moistened in
alcohol. The soldering of the working junctions to the tinned places

is produced by usual soft solder also without colophony.

The quality of the preparation of the working junction on
surface in many respects detersines the precision/accuracy of
measurment. If vorking joint proves to be out of the surface (see
Pig. 9.9a) or will not be provided the insulation/isolation of
thermoelectrodes out of the surface (see Pig. 9.9b), them in
measurement will be alloved large error. So that this it would not
occur, necessary after soldering to breed by tveezers
thermoelectrodes, to thoroughly cover with their cement or varniskhk,
and only after cement (varnish) will dry, to lie/fall/lay them in
place and then to stick on the surface (see Fig. 9.9¢). Usually
vires/conductors are glued round from above by the cloth tape width
of 30-50 mm, in this case the places of the soldering of working

joints remain free.
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Page 2137.
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Pig. 9.9. Preparation of working junctions on heating surface: 1 -
groove for working junctions; 2 ~ tinned section; 3 - soldered

vorking junctions; 4 - conclusion/output of thermocouples; 5 -
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shielding belt.

Key: (V). It is incorrect. (2). Solder.
skin of nose/leading edge. (5). Groove.
Electrical contact. (8). It is correct.

thermocouples. (10). Cement. (11). Belt

(3). Wire insulation.
{6) . Soldering. (7).
(9) . Conductors of

of stopping up.

().
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Page 238.

Measureament of the temperature of surface with the aid of resistance

theraometers.

Besides thermocouples, for measurement the teaperatures of
surface utilize wvire resistance thermometers. Most frequently during
flight tests are applied tape/fila resistance thermometers from
copper wire (d=0.02-0.05 am). In this case the dependence of the

resistance of sensor on teaperature is expressed by the foraula

Rt = Ry, (1 -+ 0.00428), 9.7 ‘

vhere R:im — a resistance of seasor with 0°C;

t- the temperature in °C.
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Pig. 9.10. A relative chaange of resisting the sensor froam the
strength of passing through it current under the varied conditions of
the heat removal: 1 - sensor in the vacuum; 2 - sensor between two

layers of sponge rubber.
Page 239,
To materials, from which are sade the sensors, are presented the

following fundamental requirements: stable and the largest possible

teaperature coefficient of electrical resistance, the largest

-
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possible resistivity, sufficient thermsal and chemical stability.

The electrical resistance thermometers usually enter the
schematic of the balanced Wheatstone bridge, in diagomal of whoa is
included measuring meter or tail of oscillograph. The parameters of
bridge circuit are selected so that the taking place through the
current-sensing device would not heat by its and thereby would not

distort the results of measureaent. If sensor is found under

conditions of lov convective heat removal, then the value of the
operating current through the sensor aust not exceed 10 mA. With the
increased heat reaoval the value of operating current and,
consequently, also instrument seansitivity can be somewhat increased.
Pig. 9.10 shovs a relative change of resisting the sensor in
dependence on the value of its operating current. As is evident, for
a sensor, vhich is located between tvo layers of sponge rubber, the
value of operating current can be alloved almost two times more than
for a sensor, which is located in the vacuum (i.e. heat removal even
through sponge rubber makes it possible to considerably increase
operating current). However, the value of the operating curreant
through the sensor, glued to metallic surface, with its blowout by

air can several times exceed value (10 mA) indicated.
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b5
Pig. 9.11. Different types of electrical resistance strain gages.

A

Page 240,

An error of measurement of temperature as a result of heating of
sensor by electric current cam be evaluated according to the forasula
2R
AT = ZF (9. 8)
vhere i - the operating current, which takes place through the

sensor;

Ri; — resistance of the sensor;

R
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2, — heat-transfer coefficient from the surface of the sensor;

F. — sarface of sensor.

Por measurement the temperatures of surface apply the tape/fila
resistance thermometers of differeat types, some of them are shown in
Pig. 9.11. They are made from copper wire vwith a diameter of
0. 02-0.03 sa, packed on a thin base with thickness of 0.08-0.05 aa.
Sizes/dimensions of the sensors; the type A -
approximately/exemplarily 20x30 am, the type B - 25x35-30 mm, the

type C - about 10 am, the type D - about 15 amn.

The initial resistance of such seasors is usually 80-100 ohas,

but recently vere adopted more low-resistance sensors (on the order
of 30 ohms). On surface the resistance strain gages usually stick

vith the aid of cements BPF~-2, BF-4¢, AK-20, etc. -

One of main disadvantages in the fila gauges is their very low
mechanical strength, due to what applied them for measuring the

tesperature of surface should be only when it is not the possible to

utilize for this purpose of thermocouple.

9.3. Errors of measuremsent of temperature drops on heating surfaces.




e
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During the determination of temperature drops on heating
surfaces of POS of aircraft or helicopter of relatively surroumding
air an error of seasurement will be composed of an error of
seasuresent of the temperature of surface and error of measureasent of

the temperature of surrounding air.

Error in the measuresent of the temperature of surface depends

on:

- type and sensitivity of thermosensitive element (therasocouple

or resistance thermoseter); é

- method of the sealing of sensor on surface (quality of the

thersal contact between the sensor and the surface):

- change of resisting the elements/cells of metering circuit

with a change in the teaperature of the surrounding air;

- sensitivity of measuring ameter or tail of the oscillograph:

- accuracy of readiag of the readings or interpretation of the

oscillogranas;

- gzero drift instrumseants or tail.
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Page 281,

During the use of thermocouples additionally appear specific
errors as a result of ianconstancy or inaccuracy of seasuresent of the
teaperature of the cold-soldered joints. in certain cases appear

parasitic eaf fros electrostatic or magnetic fields.

During the use of resistance thersoseters there can be
suppleaentary errors due to the inconstancy of voltage level,
supplied to Wheatstone bridges, deformations of sensor with his

gluing, heating of semsor by curreat passing through it.

The greatest error in the measureaent of the temperature of
surface is connected with the sealing of the resistance strain gage
or thermocouple on surface. So, the gluing of the resistance strain
gage or thersmocouple can give the error in seasureaent to 30o/0 and
more. The soldering of thermocouples supstantially decreases this
error and is the best method of sealing, since in this case is
provided the direct thermal contact of hot junction of thermocouple
vith the surface vhose teaperature is seasured. The sealing of hot
ends into surface by the method of calking or victuals also gives

saaller magnitude of error, thaam gluing. Por decreasing the heat

5 P IS
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removal froa measuring poiant on thermoelectrodes and lengtheniag
wires/conductors the latter it is desirable to lay at certain
distamce (not less than 50 aas) froa heating surface in that

direction, vhere the gradients of the temperature are sinisuns.

With the sealing of the working junctions into the
skin/sheathing by the method of soldering, calking or victuals cold
ends should be thoroughly insulated from each other, since the
presence of the electrical contact between thea will lead to the
onset of eddy currents and the supplementary error in measureaeants.
Cold ends, placed into thermos, are usually insulated froms each other
by vinyl chloride small-diamseter tubes (2-3 mm). Por decreasing the
thersistor, exerted by tubes, it is expedient to fill with their
light-grade 0il or kerosene and to place into thersmos after 20-30 ain
to measureaent, othervise the delay of such isolated/insulated joints
in thermos prior to the beginning of experiment amust be increased to
80-60 ain. On the graph of Pig. 9.12 is shown the relative change in
the voltage, developed vith thermocouples after the location of their
cold-soldered joints with different insulation/isolation into the ice
sedium (vorking joints vere located at certain constant teaperature,

different from 0°C).

Bagnitude of error, connected wvith a change of resisting the

wires/conductors of thersocouple from tesmperature, virtually can be

-
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disregarded, since this chaage with respect to the resistance of

entire metering circuit is usually very insignificant.

Page 282,

In order to exclude possible error froam the onset of idle
thernoeurtents, electrostatic and magnetic fields, it is necessary
theranoelectrodes and jumpers to thoroughly electrically imsulate and
to follow so that with the wirimg it would not be loops ("wing

nuts®), but in the preseace of powerful/thick magnetic fields should

be applied the shadowing of wires/conductors. In a number of cases in
the measuresent of the teamperature of the surface, varmed by
alternating current vhean cannot be avoided focusings/inductions,
should be in the circuit of thermocouple included the capacitor

filter, vhich extinguishes variablesalternating focusings/inductions.

Besides in addition to this, the error in seasurement can be
caused by the onset of parasitic thersal emf in the contact
connections of measuring meters or in the joints of the circuit of

thersocouple.

The inclusion/connection of measuring seter or tail of chart
recorder into the circuit of thersocouple can be carried out om two

diagrams (Pig. 9.13). In the first case measuring seter is included

T T Y - B U
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in the explosion of the cold-soldered joint, in the second case in

explosion of one of the theracelectrodes.

As is knowvn, the thermoelectromotive force of thermocouple upon
the ianclasion into its circuit of the supplementary conductor,
distinct in material froam thermoelectrodes (ia our case of seasuring
meter or tail), vill not change, if the temperature of its both
ends/leads will be identical. Otherwise appears supplementary
parasitic thermal esf. This fact should be considered upon the start
of measuring meter or during the uses/application of plug-type
connectors in the circuit of thermocouple, since it can cause the

error in measurement,
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¥ig. 9.12. Relative chaage ia voltage of thermocouples in time froas
aoment/torque of location of cold-soldered joints into ice medium: O
- wvinyl chloride tube, filled with kerosene; X - vinyl chloride tube,
filled with o0il; O - vinyl chloride tube withoaut filler; A - cold

end, coated by cement BPF-4.

Key: (1) . min.

Page 281.

Proa this point of view is very coanvenient the use/application
of thermocouples with copper thermoelectrode. In this case upen the
inclusion of measuring meter or joints into the circuit of copper
electrode the temperature of comntact points is not important.

Therefore in practice vide distribution received copper-constantan
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thernocouples. Are fregueatly utilized also Chrosel-Copel
thermocouples. Nore rarely are applied the thermocouples, comprised

of other materials: alusel, iroam, etc., indicated in Fable 9.1.

the value of an instrumeat/tool meter error or tail usually is
indicated in service reccrd or 1o book the instrusent. Thus, for
instance, in the chart recorders of series K12 and X20 tails of III-V
types give the liait of error to 1.00/0, and tails of VI-VII types to
+1.50/0. In order to exclude error in measuresent froam the drift
(zero drift) of tails, in experiment it is necessary to periodically
prescribe "mechanical" 2ero and, if is detected their displacement,
then during vorking/treatment of aaterials of experiment it is

necessary to introduce correction for this displacement.

s it r-Y
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Pig. 9.13. Inclusion of ssasuriag meter into the circuit of the

thersocouple: a) the inclusion of instrument into the explosion of

cold end; b) the inclusion of instrument into the explosion of

thermoelectrode,

Page 244,

Nagnitude of error in the measuremsent of the temperature of

surface froa inaccuracy with the interpretation of oscillograss in

essence is deteramined by the skill of decoder. It is
established/installed, that with the careful interpretation of :;

oscillograms the valuve of the error in determination of ordinate of
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recording canx coaprise not more than ¢0.15 am. Thus, for exasple,
with the sensitivity of tail 0. 3-0.35 mn/°C the error with
interpretation wvill compose ¢0.5%°C, and vith semnsitivity 0.8-1.20 of
approximately ¢0.15°C, which in the majority of cases is

satisfactory.

In the measurement of the teaperature of surface by electrical
resistance thermometers which usually are stuck on surface,
fundamental error depends on the method of gluing. For deteramining
the errors, that depend on the sethod of the preparation of
resistance thermometers, the author carried out investigations with
the aid of the installation, vhich is the tube with a diameter of 100
s and with a length of 1.5 m, eguipped with the outer side with
electrical heating, within which was created the airflowv in speed to
180 n/s. Proa inside of tube at a distance of 1 m froms eatry to
surface wvere stuck different sensors. The resistance thermoseters of
the type A, B, C, and D (see Fig. 9.11) adhered on the internal
sarface of tube by cement BP-4 or by cement K-88. In one case the
sensors had shielding gluing (by percale tape), vhile in other case
they vere without it, In the same cross section of tube were sealed
in as coantrol three copper-constantan thermocouples. PFor the "true"”
value of the teamperature of surface vas accepted the average/mean
reading of these three theraocouples. A difference in their readings

did not exceed 1-1.59C. For the comsparison several theraocouples vere
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also stuck.

Bxperiments were conducted in the range of the temperatures of
surface of 25-80°C, velocities of the airflow 40-140 a/s and specific
pover from 0.37 to 0.7 s/cm2. The results of experiments showed that
the sensors, stuck on surface by cement BP-4, understated the
tenperature of surface froa 7 to 300/9, dluing of sensors by percale
strip on top decreasing this understating of temperature (to value
130/0), and in some cases it led even to the overestimate of
temperature (to 370/0). With the gluing of sensors cement K-88 the
error in the direction of understating vas still more and it composed
12-600/0. Even with gluing of these sensors percale band the measured
temperatures proved to be in all cases of belovw (on 11-35pp) *"true"™

teaperature.

Prom the investigated sensors the smallest errors in "pure" aind
(vithout gluing) kept sensors of the type A and B, stuck BP-4,

greatest - a sensor of the type C (see Fig. 9.11),

It should be noted that all stuck thermocouples also showed the
understated teaperatures: on cement K-88 ~ to 360/0 without gluing
and to 200/0 vith gluing and on cement BP-4 ~ to 120/0. Large spread
in the measuresents of the teaperature of surface with th§ aid of

resistance thersometers is explained by difference in the thickness
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of the layer of cement, in thickness and material of the backing of

sensor, in their sizes/dimensions and in the method of gluing.

Page 245.

In such a vay as to decrease the error in the measurement of the
teaperature of surface desirable to utilize sensors, analogous types
A or B, their patch one should produce with the smallest thickness of
tack coat and without stopping up their fabric. However, one should
consider that in this case will occur certain understating of the

measured teaperature of surface.

The practice of flight tests shows also that the error in the
measurement of tie temperature of surface by file gauges frequently
depends on flight altitude, especially if sensor has porous backing,
that it is possible to explain by the effect of a change in the
heat-conducting properties of backing and skin of fabric with a

change in the air density.

To the accuracy of the measurement of temperature with the aid
of resistance thermometers significantly affects a change of
resisting the jumpers, which go to sensor, from teaperature [23] in
the case of the two-wire circuit of the connection of sensor, Fig.

9. 18a. This effect caa be rated/estimated accordiamg to the foramula

AY = SR 35-:'- Al (. 9)

. ®Rna
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where 9p . () — @ resistance of two jumpers at temperature tO°C;
%gry — temperature drag coefficieant of the sensor;
R, () — resistance of sensor at temperature t°C;
:

2R — temperature drag coefficient of the wires/conductors;

Al — change in the temperature of wires/conductors.

. s o . ISR PO S, PR ) g e e MR N T e
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rig. 9.18, Two- and the thrse-wire schematics of the connection of
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t -on.oré to wheatstone bridge.
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Key: (1). Storage battery.

Page 246.

or, if seasor and juapers are made froam one material, then

At = 25};-_ Al (9. 9a) I
-

Thus, the higher the resistance of sensor in cosparison with the

Y

resistance of jumpers, the less their effect.

Por decreasing the teamperature error should be applied the

IEPETRRRRREY WU, PRV SN

so-called three-vire schematic of the connection of sensor. In this

T g
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diagram the voltage on the third wvire/conductor is supplied directly
to the sensor (see FPig. 9. 14b), thanks to which the jumpers prove to
be in different ratio arms of Waeatstone and is not introduced error
in measurements. In this case also is eliminated the effect of a

change of resisting the wires/conductors froa teaperature. Howvever,

for this diagram it is necessary, ia order to Ry=R;.
An error of measurement from a change in the stress level,

applied to Wheatstone bridge, is directly proportional to this
change. In fact, the current strength through the tail of chart
recorder, connected into the measuring diagonal of the bridge (see

Fig. 9.18a), is deteraiaed by the expression

ir = URyst 2Ros) Ry — RiR, -, (9. 10)
where

R, = I(Rn e R M)(Rg -+ 2Rnn +- Rz)(Rl -+ Rl) L R-Z(Rl - 2Rl\!’>‘:
Ry F R+ RAER, " 2R, - Ry,

So that this error would be minimum, it is aecessary to
stabilize the voltage applied to bridge. Por this purpose into
diagras is introduced control resistor R,. or feed/supply of bridge
is accomplished/realized froa sufficieatly stable source (usually the
low-voltage storage battery/accumulator)voltage which continuously is

checked, recording with chart recorder. Knowing this voltage, it is

e e ——5M

-—

P s Baama= v~ cxxul

e e
e e <




DOC = 79116312 PAGE s%o

not difficult to introduce the appropriate correction. Then the

corrected ordinate of recording is defined as

7]
hIICnP = hul ?: '

vhere ;, __ the measured ordinate of the recordimg of the parameter;
U,, — Vvoltage during the calibration;
U.« — measured voltage during recording of the paraseter.

Of entire aforesaid it above follows that the methods of
moasureaent of the temperature of surface wvith the aid of
thermocouples (soldered or welded to skin/sheathing) have advantage
before the methods, which use tape/filam resistance strain gages.
Therefore in all cases when this is possible, first should be given

preference,
Page 287,
9.4. Neasuresent of the flow rate of hot air.
Por measuring the flow rate of hot air, which enters the

de-icing systeas, are utilized different measuring devices (Venturi

tube, diaphragm, nozzle, etc.) of both of that normalized and not
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normalized of types.

Without stopping on the theory of the measurement of
expenditure/consuaption, which is sufficiently fully presented in the
literature [¥2], [87], etc., let us note that all normalized tapered
devices/equipment aust satisfy the requirements of the rules of 27-54
coamittees of standards, measures and neasering seters with the
Council of Ministers of the USSR, ¥ashgiz E}tlte Scientific
and Technical Publishing House of Literature on Rachinmery
Hanufacture), 1955, but not normalized they must be thoroughly

calibrated before the installation to aircraft.

In the practice of flight tests for determining the air flow
rate frequently utilize the nozzles L-, T-shaped foras (PFig. 9.15),
coabs and tubes with the series/row of the openings/apertures,
directed against the airflow (Fig. 9.16), etc. During the
use/application of such nozzles it is necessary that they would be
calibrated together with the section of the conduit/manifold where
they are established/installed. This requireament is connected with
the fact that the straight portions of the conduits/manifolds where
is produced measurement, it is usually small, in consequence of which
the diagras/curve of the distribution of velocity vectors in

conduit/sanifold it can considerably differ fros theoretical.

T G RJ
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The flovw rate of hot air is determined froa the formula

Ge = 1,1D%9 V_q(;.. ~_-pc,) kg/s, (9.11)

vhere

Pu — the complete (it is more average/more mean over cross section)

pressure of hot air in N/m2;

s — the static pressure of hot air in N/aZ;

D,, — imper diameter of the conduit/manifold;

¢ - coefficient, which comnsiders the nondnifdt-ity of air flow
in conduit/manifold and determined experimentally durimg the
calibration of nozzles with the section of the conduit/mamifold in

vhich they are established/installed.
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Hi
i

e
Pig. 9.15. Nozzles for measuriag the air speed: a) L-shaped; b)

T-shaped.

Page 2348.

Air deasity p is determined froms equation of state

= Fer 3,
¢=14F kg/a

For decreasing the error in the measureament of the static

pressure of opening/aperture in the valls of conduit/manifold must be

not more than 1.0 sm and not have projecting odéhs on edges.

P
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Por converting the value of velocity head (in the measuresent of
the air flov rate) into the electrical signal which is further
recorded by chart recorder, it is possible to apply the
potentiometric pressure-ratio sensing elesments, for example, of the

type EDPD, while for converting the value of static pressures -

manometric pressure sensors of potentiometric type (8DD, etc.).

For measuring the temperature of hot air in conduits/manifolds
are applied the thermocouples or resistance thermometers [ 10]), [42].
Prom thermocouples most frequently are utilized Chrosel-Copel both
for the visual observation (for example, TTsT-1, TTsT-2) and for

trace.

Prom resistance theraometers usually are utilized the sensors
(for example, type P-1, from the assembly of con-board thermometer

TUB-48).
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TATRY

P

Pig. 9.16. Nozzles for measuriag of the velocity fields in the

conduit/nanifold: a) in the foras of the comb; b) tube with

openings/apertures.

Page 249,

9.5. Selection of registering apparatus.

At present there is a large quantity of registering apparatus,

used for investigations in different areas of technology. Therefore ; 3

it is expedient to indicate the fundamental types of chart recorders

D

and sensors, vwhich most satisfy the purposes of the tests of de-icing
systens, which wvill siaplify preparation for such tests and -

processing the results of measureaents. It goes without saying that |
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all of a similar kind of recossendation can bear only the character

of an example, since metrology coatinuously is isproved.

In particular, in recent years for fljght tests ever more wide
application finds the method of recording the measured parameters
multichannel magnetic accuaulators/storage with post-flight automatic
interpretation and processing of the results of measuresents. Nethod
begins to be utilized, also, during the tests of P0S, however, here,
especially in the part of the measurement of the temperature of
surface by thermocouples, are encountered difficulties, since for
this are required very sensitive and stable amplifiers - converters
of the veak signals of thermocouples, vhich complicates equipment

used.

Prom optical chart recorders at present wvidely are applied the
chart recorders of the type K12 and K20, vhich make it possible to
simultaneously record respectively 12 or 20 paraseters. They are
convenient in operation and have a series/row of advantages before
other types of chart recorders. The tails used in them are
interchanged and possess large sensitivity (for exasple, the VII-X
types of tails), vhich makes it possible to directly comnect to thea
theraocouples in the measurement of the small temperatures of

surface. This fact is very substantial for the tests of POS.
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During the use of thermosensitive elements of resistance it is
possible to apply less sensitive tails (for exasple, the V type).,
each chart recorder if necessary can be completed by several groups

of tails with different sensitivity. Purthermore, tails in tests can
be replaced.

Fundamental data of chart recorders are given in table 9.2. The
types of the sensors, utilized for measuring different parameters in

asseably vith chart recorders indicated above, are given in table

9.3.

9.6. Test}ngs of the de-icing system of engine V "dry® air.

Tests for determining of the characteristics of POS of engine in
®"dry” air are fulfilled in essence employing the same procedure, that

also for another POS, but it is possible to note some specific

somen ts/torques.
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Page 250.

Tables 9.2. Oscillographs, used for the tests of POS.

§ (’/ ‘qulu;nfmn -I"!"u ‘lymff{r:n\uocrh OGutee conpo- L.mgom. npo- ! Enpun 1 6y { JLawnda )6) M-
Tais ocyuaiorpados’ bow waefdos Mn/ma THRACHNE TRXKH Gymars l MArH in
o mae_Mla MM [CCK h i _.x:“_ R i_H
K20-22 L2 v 300-+ 450 24 L 25; ( |
' 10; X
"2"‘3:‘, i 2 \\//Ill %- 850 50 100+5% 190 3
K20- 20 1200+ 1650 50 )
K21-21 : 20 X 6000+ 10 000 6u f
K12-21 i 12 . V=VII 250 + 1650 24- 50 %0 125, 100 20
i ; 250
K12:22 T - |
Kmsl(u ! 10 V--Vil 250+ 1650 40 50 0.2, 05, | 100 18
(Bapuanr Iy | VIIM 1000 - 0 25 12,5,
2 5 '
K10-52 1 10 vV-VII 250+ 1650 40--50 | 25 125:10% | 1w 18
|

Notes: 1. In oscillographs K10~51 and K-10-52 tvo tails they are
intended only for the recording of velocity and flight altitude. 2.
Tail X of type is produced by experimental series. 3. In oscillograph
K20-23 is possible daytime recording of parameters on
special-photographic paper. 4. In oscillograph K21-21 are applied
ssall/ainiature tails.

Key: (V). Types of oscillographs. (2). Number of tails. (3). Types of
tails. (d). sensitivity aa/mA. (5). Total resistance of tail. (6).
Rate of bhroach of paper ma/s. (7). Width of paper am. (8). Length of

paper m. (9). Version.
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M™ble 9.3. Seasors for Beasuriag the parameters at tho tests of ros.
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Key: (1). Neasured parameters. (2). Range of measurement. (3). Types
of sensors. (4). OR gateé method of joining. (5) note. (6). flight
speed. (7). ka/h. {8). Bridge. {(9). Is possible use of sensor MRD.
(10). flight altitude. {11). teaperature of surrounding air. (12).
spirit thermometer with nozzie of total stagmation. (13). temperature
of surface. (18) . Thermocouples copper (constantan. Chroamel-Copel,
etc. (15). It is direct to tail. (16) . consumed current (comstant).
{17). Shunts of type ShS, Sha, etc. to 75 =mVv. (18).
Consecutively/serially in feed circuit, from shunt - to tail. (19).
consumed current (variables/alterpating). (20). Thersal converters,
(21). Consecutively/serially in feed circuit, from converter to tail.
{22). voltage-drop. (23). Bridge (rectifying. (24). Temperature of
air in channels P0OS. (25). Copper constantan, Chromel-Copel, etc.
{(26). It is direct to tail. (27). mode of operation TVD. (28).
angular scale. (29). Bridgye or potentiometric. (30). Node of
operation of TRD (revolutions n). {(31). r/min. (32). One channel of
sensor on CO0-51, (33). chart recorder. (34%). flowv rate of air ap(Ah)
- drop/jump. (35). Prom. (36). to. (37). water column. (38). Bridge
or potentiometric. (39). am H,0. (40). static pressure. (41). atm.
(42). teaperature of gas behind turbine. (43). etc. (84). In parallel

to indicator TVG to tail. (45). Besides thermocouple T-80,.

Page 252.
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The tests of POS of engine on temperature drop it is desirable
to begin in bench tests, simultaneously with performance testing and

calibration of engine. Preparatory works to conducting of such tests

usually are considerably less labor-consuaing, than flight ones,
furthermore, they aake it possible to utilize differemt laboratory

seasuring equipment, not applied in flight.

A quantity of measuring points of the temperature of heating

surfaces (cook, cone, struts, air intake of blades of VYNA, etc.) must

be sufficient for the comstruction of tesperature field om heating

surface. Thus, for imstance, on cook or cone the qhantity of
measuring points must be not less tham 3, on struts or blades of VHA X
- not less than 4-5. Moreover thermocouples are established/installed
not on all struts or blades, but oanly on 2-3 characteristic ones on
heating or clearly having the lowered/reduced heating. The
exeamplary/approximate locations of theraocouples on engine are shown
in Pig. 3.23. The neasurements of temperature drops for the
elements/cells of inlet duct and engine should be conducted both i
under conditions, wvhich correspond to real cruise flight envelopes,
and in the special modes/coaditions, characteristic according to

operating conditions of engine.

AL A
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The tests of the devicess/egquipment of the heating of the
elements/cells of inlet duct and VYNA in "dry” air can be
accoaplished/realized also sisultaneously vith the flight tests of
experimental engine on the special aircraft, utilized as flying
laboratories. Especially thoroughly air-heat POS of the engine it
aust be checked under conditions, close to idling, since in these
modes/conditions the selection of hot air and its temperature is

usually minimunm.

It should be noted that the tests of POS of engine on
teaperature drop make it possible to rate/estimate its effectiveness
usually with smaller confidence tham, for example, for lifting
surfaces, since for the parts of inlet duct, which have the nmost
diverse layout and complicated flow pattern, process of icing it does
not yield to sufficiently precise calculation. Therefore detersining
the temperature characteristics of deicers in this case is the
especially preliasinary stage, necessary, for exasple, for solving a
question about the possibility of conducting the tests of engine
under conditions of icing. On the other hand, the data on teaperature
drops occur necessary, also, during the final evaluation of

effectiveness of POS.

Page 253.
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9.7. Conversion of the values of the temperature drops with

electrical heating.

Let us assume that during the tests of qu in ®"dry® air in
certain flight conditions vere measured the temperature drops at
different points of the shielded surface. Is placed the task of
determining by calculation temperature drop on surface for any other
flight conditions. This problea easily is solved for the temperature
dcops in thermoelectric POS, averaged over the shielded surface.
After using the method, presented in Section 7.6, in this case it is
possible to obtain the following dependence for temperature drops in

the relatively equilibriua teaperature of the boundary layer::

My = Sy ( ’;::5:; ) (). (. 12)

In this equation the indices "1" and "2" are related to two
different flight conditions, moreover it is assumed that for the 1Ist

sode/conditions are experisental data.

The specific pover of thermoelectric POS in the majority of the
cases virtually does not depend on flight conditions (vith exception
of systems with the addjustable specific power), i.e., q,=gp=const.
Therefore equality in this case somevhat is simplified

3 ~ 1% ' 0.8
Atn's = Aty (g‘:‘:—vz*:) . (9. 12a) .

NI .

"~',“.‘.". A
e e Sk o <
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Purtheraore, ia flight at persaaeat height/altitude (pgs=Pa2)

Kip = 8T, (o). ©. 125)

¥ Ves
Ia the case of persanent true airspeed Vg  =V,,
Af, = Al '(ﬁ‘—')f’"' . ©. 12p)
ns nl p“ . . &

But 4f in two flight conditions is saintained/withstood

persanent imdicated airspeed, then let us have
Bty = AT, (F20)**. @.13)
The temperature drop relative to the temperature of surrounding
air Aty will be in accordance with Section 5.2 with ¥,=V, equal to

S s n,
Aty = Af g —r* zz . 9. 14)

The givea formulas cf coaversion make it possible to
considerably siaplify the flight tests of thermoelectric POS, since
by having the measured teamperature drops/jumps at any speed and
height/altitude, it is possible by calculation to lead these
drops/juaps to standard level and to coapare them with the

ptescribed/uséiqnod requiresents.

Page 254,

9.8. BExperimental methods of deteraining the heat-transfer
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coefficients.

During calculation and especially during the investigation of
the thermal characteristics of the newly developed/processed deicers
in a number of cases it is necessary to have more precise (actual)
values of local heat-tramnsfer coefficients, since the calculations
usually are fulfilled at the extreme or averaged values of the
entering the formula values. PFurthermore, these same values are not
alvays sufficiently accurately known (for example, the local
velocities of flow, position of the transition points of boundary
layer, heat-transfer coefficient at the critical point of

profile/airfoil, etc.).

In such cases it is mecessary to resort to the experimental
sethods of determining the heat-transfer coefficients. These aethods

can be based on the use both of stationary and nomstationary thernsal

processes [27), [86], [118], [ 119]), [ 125).

Is described belov the procedure of the measuresent of external
local heat-transfer coefficients analogously it can be comprised the
procedure of the measurement of heat-transfer coefficients in the

internal ducts of the air-heat deicers.

The principle of the stationary method coansists im the use of
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equation of convective heat exchange (5.2), from which it follows
=30
(‘u o ll)

During transieat processes for the experimental determination of
heat-transfer coefficient is utilized another egquation of the heat

exchange

| d
g 592, ©. 15)

vhere F - the exothermal surface of meter.

At first glance, the simplest version of use/application of both
methods is the direct use of a heating element of deicer. However, as
it vas shown in chapter VI, large leakages of heat along
skin/sheathing they make wrong assumption about the unidimensionality
of heat flux, amd this leads to considerable errors in the

ssasureaent of the local importance of the teamperatures of surface.

Sensors for detersmining the coefficients of convective heat
enission can be fulfilled in the form of calorimsetric "plugs®™ amd in
the form of the strip/tape or fila gauges of the most diverse
constructions/designs. In this case most adequatesapproaching is,
apparently, the sethod of the electrically heated tapes (see [99],
[(100), [102), [138) [(135)), that makes it possible to coabine the

stationary and transient aethods of deteraining the coefficieats,
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%ith comparative simplicity of the method used a total error of

measurement does not exceed 100/0.

Page 255.

The principle of the operation of sensor consists of the following.
To the body being investigated, usually prepared from thermal
insulation material, is stuck thin metallic tape (made of Nichroae or
stainless steel), on vhich is passed the electric current of the

specific value.

If ve isolate the segment element of tape (Pig. 9.17a) and to
compose for it the equation of heat balance, in refereance to the unit
of surface, then ve will obtain the following formula for a local

heat-transfer coefficlieat:

s dndeat e dmde (g 1f)

- ti—h

Heat-flux density, which appears in the tape as a result of the

passage on it of electric curreat, is deterainsed from the forsula

. . . -
== . - @M

in wvhich I - the current strength, R - electrical resistance on 1 a

of the length of belt, and b -~ the width of belt.
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Plg. 9.17. Schesatic of the heat exchange of the strip/tape sensor:

a) the heat fluxes of the segaent element; b) temperature field in

the transverse plane of belt.

Key: (1). Belt. (2). face. (3). Skin/sheathing. (4). Layers of

insalation/isolation.
Page 256.

Radiation/enission from the heated surface of belt can be
considered with the aid of the kaown relatioaship/ratio

Gran = 20 ()", (9. 18)
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vhere ¢ — Jaigsivity factor of the belt; ¢ - Stefan-Boltzmann's

constaat (¢=5.77 §/m2e0ks)

It is easy to show that heat-flux density via thersal
conductivity lengthvise directly the measuring belt it is possible to
represent as follows:

ey

Gp* ga—g, =A8 7, (9. 19)

where A and § ~ respectively the coefficieat of thermal conductivity
and the thickness of belt. Value f%} is located by the graphic
differentiation the distribution curve of temperature on the belt

wvhich is measured in experiment.

one of the possible sethods of determining the density of

internal heat flow is based oa the uwse of the formala

A'IL'!
Gun 3o a—ta). (9. 20)

in which ) _ asd §,— coefficient of thermal comductivity and
thickness of therstl iasulation, aad /. — tesperature of the surface
of skin/sheathing under iasaulatioa/isolatioa at the point in
question. For determinatioa 7. this teaperature sust be measured,

i.e., is required supplessatary thermocouple.
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The effect of the lateral leakages of heat can be
rated /estimated by approximate solution of the equation of heat
balance for the element/cell of belt dz (see Pig. 9.17b). In this

case let us have

'q{lok = b,l2 (‘;l - t")» (9. 2])

vhere ¢ and ¢/ the temperature in the middle of belt in the absence
and ia the presence of lateral leakages. In this case the teamperature

differential is determined from the following relationship:

i;_.u - (’n - ‘;)zsb'.‘
b v/ =
w5 V15

It is obvious that iadependeat determimation ¢« froam formula

tl’l —dy =

9. 22)

(9.21) is impossible, since into formula (9.22) enters the measured
value a. In order to decrease the lateral leakages of heat, are
introduced supplementary belts from both sides from the master tape,

heated to the same teamperature.
Page 257.
As it follows from forsula (9.22), in this case heat flux through the

lateral sides of belt can be significantly reduced. Furthermore, for

decreasing of all thermal leakages (via radiation/esission and

Rt
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thermal conductivity) and simplification in the experiment the
temperature of the heated surface sust be supported at ainimum level.
Virtually it proves to be that the temperature differential of the

heated and "cold"™ belt aust not exceed 20-30°C,

Thus, for obtaining the local values of heat-transfer
coefficients it is necessary to measure the strength of currenmt I,
wvhich passes on belt, the temperature of the surface of belt /(. and
the equilibrius temperature of boundary layer /. The last they accept
the surface of belt equal to temperature in the absence of heating.
Por the introduction of method~of-operation corrections in

seasuresent a should be used formulas (9.18)-(9.22).

The described above electrically heated belts make it possible
to produce the determination of local heat-transfer coefficients,
also, in transient sethod. Solving together equations (5.2) and

(9.15), ve will obtain

i — 1t

Qecd
a=~—1In =
B 'n‘! - ’l

©. 23

vhere p and ¢ - density and the specific heat of material of belt,
and Ar - tise iaterval for which proceeds a change in the local

temparature of belt froa ¢, to i,

It should be noted that the seasuring belts can introduce

PUNE A

2

&
r

:
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noticeable distortions during the flov of air about the body being
investigated and cause premature tramnsition/tramsfer to turbulent
flow, Therefore usually are utilized the belts, vhich have the
thickness not more than 0.05-0.1 am. Certainly, in this case the
obtained inequalities I will create turbulemce boundary layer on body
surface; hovever, the effect of measuring belts to flow conditions
will be insignificant in comparison with the effect of ice, which is

formed on body surface with icing.

The method described above was used for measuring the local

heat-transfer coefficieants in the experimental section of wing,

established/installed on flying laboratory for the investigation of
the protection from icing whose photo is given in chapter XI. To the
surface of the removable nose/leading edge of section, prepared from

fiberglass laminate ¥PT, in three cross sections vere stuck according

to three belts from stainless steel OKh18¥9 with thickness 0.1 aa and
width of 25 am, series-connected betveen themselves. Peed/supply to

measuring belts was fed/conducted from the source of direct currenat.

A

Por measuring the temperature of the surface of belts wvere applied

the copper-constantan thermocouples with a diameter of 0.2 mnm,

Page 258. !

To hot ends was soldered the copper foil (im diameter approximately S

“ATE i
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an and thickness of 0.06 ma). The electrical imsulation of
thermocouples from the curreat-conducting belt vas
accomplished/realized by a layer of the tracing paper. The

wires/conductors of thermocouples at the length of 20-30 am were

-

packed under belt in special grooves and then they vere

N L

derived/concluded into the internal part of the section. In each
measuring cross section in two lateral belts (with respect to central
belt) were drilled the openiagss/apertures with a diameter of 0.8 anm

for measuring the local static gressures on the surface of the

e T iy v -

leading edge of an airfoil profile. the location of these
openings/apertures corresponded to the location of thersocouples on
central belt. To the openings/apertures of frcm within section were

conducted/supplied copper tubes in inner diameter 2 an.

In tests flight altitude varied from 900 to 10000 m, true flight
speed - from 92 to 174 a/s and the angle of setting section - fronm
-10 to +109, The sweep angle of section on leading edge comprised

39930*.

Pig. 9.18 depicts the data, obtained after criterial processing
of the results of the measuresents of local heat-traasfer
coefficients on the surface of the nose/leading edge of the
investigated section at zero angle of attack. Por a comparison on

graph is plotted/applied the dependence of local heat-transfer

TR ey W-:-n-l-‘-;

s ‘ o .
b LETI Tt T e e Bk R YR v




DOC = 79116312 PaGE Sbs

coefficients for a flat/plane plate during turbulent flov conditions,

calculated by formula (5.8). A good coincideace of theoretical and k.

experimental data is confirmation of the sufficiently high

precision/accuracy of the procedure of calculation of heat-transfer

- e

cosfficlients for asrodyramic profiles/airfoils, presented in chapter V.
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Pig. 9.18. Experisentally obtained amd designed heat-transfer 13

coefficients in the profiles/airfoil of the nose/leading edge of the

sveptback wing.

Page 259,

9.9. Determination of the rate of heating surface froa separate

experimental points,

If during processing of the results of experiment it is
Recessary to obtain entire curve of the heating of any heater, and
there is only segment of curve or its separate points, then it can be

obtained by the method of extrapolation.

T e et
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Prom chapter VI it 1s &nown that temperature heating curve of
thin-valled construction/design is sufficiently accurately described
by exponential curve. Moreover, practice shows that heating curves of ;
many other constructions/designs in the majority of the cases with ;
virtually acceptable precisionsaccuracy can be approximated by E
exponential curve {with exception of initial section [26]), [27)).

!
Therefore are obtained very simple foraulas for extrapolation. F
P

For the plotting of curvaes of heating, described by exponential @
curve, it is necessary anmd it suffices to have value of steady

tenperature and rate of the heating (see Section 6.2).

The steady temperature drop (relative to equilibriua
temperature) can be deteramined, if is known the value of temperature

t(ve) and t(r,) into two arbitrary ones of the moment/torque of time
ro and v,y

Aty = (%)~ t(Ty) O 24)

o~ MV ___p— M1, *

The rate of heating can be detersined, having temperature at

I

three soment of time t{rgy, t(r;) and t(rz):

i) () —t(x,) (9 95)

Mg Ve =ty V8 O |

morteover the corresponding intervals of time must be connected with

. [ s .
i i .
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the relatioaship/ratio

LN . 26) ]

qTi— %

(or otherwise «r, — 1, =1, — 1,).

2ero time v, alvays can be to accept ro,=0 moreover, for any
segment of curve, but not only for the beginning of heating (FPig.
9.19) . I.e.,, if the section of curve in the beginning of heating, as
so often is the case, does not clearly correspond to exponential ‘

curve, then it must not be allowed and as point r, should be selected

such, vhere heating becomes sufficient to regular ones 1i.

: POOTNOTE t, The methods of the gquantitative deteramination of regular
. thermal condition are in detail described in G. N. Kondratyev's wvorks

- § {26), {27]. ENDPOOTNOTE.

As it follows from (9.26), mest be fulfilled the condition

T, = 27,

g

-

O v “.
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Page 260.

Cooling curve can be obtained according to formula (6.8), if is
known the temperature at any moment of time (taken in calculation for
zero) and rate of heating, deterained according to forsula (9.25).
Having two points of the curve of cooling, it is possible to
determine also the temperature of body prior to the beginning of

heating, in particular the equilibriua temperature of the surface:

Yt~ ‘,—m(t;—-t.'_.)
ACET A (9.37
1 —¢ S

vhere the moments of time, designated by prise r', are related to

cooling curve.

The values of the rate of heating =, obtained by the manner
indicated above, make it possible to immediately rate/estimate the
character of curve and the value of temperature at any moment of
tise, vithout deciphering an entire recording. Por this it is
possible to use Pig. 5 application/appendix, in which are represented
the curves of dimensionless temperature for different values of na.

The product of this function oa Afy~x gives the value of temperature

—
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drop of the relatively equilibrium temperature at any required soment

of the time At () = 0 (x) -At,er.
Por increasing the precision/accuracy of extrapolation it is

desirable to fulfill calculation for several points of heating curve

or cooling.

In formulas (9.24) and (9.25) it is possible to use the value of
both temperatures and their drops/jumps (since enter their
differences). Noreover, if readings are removed/taken with recorder
tape vhose calibration is close to the the linear t=kt, then in
formsula (9.25) it is possible to directly utilize ordinates of

recording h in am, not changing them into temperatures.

e e e . g e e
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Pig. 9.19. Selection of calculation points in heating curve and iw
cooling. }
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Page 261.

Chapter X.

Hethods of mseasuring the parameters, characterizing the conditions of

icing, and the testing of POS under conditions of icing t.

POOTHOTE !. It is vritten by B. A. Stroganov, R. Kh. Tenishev and V.

K. Kordinov. ENDPOOTNOTE.

10. 1. HNethods of recording of parameters, characterizing the

conditions of icing.

The results of tests of flight vehicles under conditions of
icing can be qualitative only imn such a case, when is spfficiently
accurately knova the parameters, which characterize these conditions,
i.9., the temperature of surrounding air, vater content,

size/dimension of drops, in a aumber of cases - air humidity.

In the measurement of these parameters in flight, especially on
podern aircraft vith the pressurized cabins (on vhich is required the
use/application of instruments of remote action), wve encounter vwith

considerable difficulties. In particular, the temperature of air
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under conditions of icing cannot be measured with the aid of usual

on-board thermometers, since they are covered with ice and,

3
e _,,__m__J

naturally, change their calibration coefficients. To this fact
frequently is not given proper atteation, and during the tests are

used readings of on-board thermoseters, which leads to comsiderable

T T
PEDSR S N =

errors during the deteraination of the temperature of surrounding air

R AR

under conditions of icing.

DR NI

Neasuresent of the temperature of air under conditions of icing.

Fundasental requirements for the thermometer, used for seasuring

the temperatures of surrounding air under conditions of icing,

consist in the fact that, in the first place,¢n gauge element must

B e

not fall the moisture, in the second place, the recovery factor of
thermoneter must not noticeably change wvith the formation om it of
ice (or they must be provided for the measures, which do not

allov/assume the formation on it of ice).

Por measuring the temperature of air in flight inm clouds is

applied the aircraft shielded theraometer SBRT (Pig. 10.1) . It is the

? hollow cylimdrical tube, vithin which is placed the
temperature-sensing device (resistance thermometer) 1. In tube in
5 area of the location of sensor are cut the openings/apertures for the

duct of air 3. In tube face has conical or another easily streaslined

44444
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fora tip, vhile in tail section i1s established/installed diffuser

§ for quaranteeing suction of air within tube.

Page 262.

The sensor of thermometer is made from copper, nickel or platinus
vwire in diameter from 50 to 100 u, the resistance of sensor depending
on bridge circuit and semsitivity of the tail of oscillograph is
selected from 40 to 100 ohms. Por decreasing the measuring errors due

to radiation the sensor is closed by shield 2 in the fora of

thin-valled metal tube with the polished nickle-plated or

chrome-plated surface. \

As a result of the fact that the air, vhich blows out/blows off

sensor, is sucked through nacrrow slots in the housing of thermoameter,

drop of water under the effect of the inertidl forces they do not 1

fall inside small tube and they do not settl¢ on sensor. Therefore

the readings of SET are little sensitive to the presence of

cloudiness or rain.

According to the data of investigations of V. A. Zaytsev ([17], 1

the quality coefficient N of the shielded thermometers ' investigated i
by him is equal to 0.83+-0.01.

T L e
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POOTNOTE . Quality coefficieant to a certain extent depends on the
form of the tip of sensor; therefore for the concretes/specific/actual
fora of sensor this coefficieat should be more precisely forsulated. !

ENDFOOTROTE.

Hovever, SET is sufficiently sensitive to dovnwash, since this
substantially changes the suction of air within tube, that it is

necessary to keep in mind during its use in experiments.

Purthermore, considerable ice formation. on nose/leading edge of ]
SET changes the value of its recovery factor, which can be the reason

for the appearance of comnsiderable errors in the determination of

actual temperature of air.

In the practice of the flight tests of latter/last years finds

wide application the method of deteraining the actual temperature of

sarrounding air with the aid of two thersometers of braking. This

sethod consists of the fallowing. One of the theraometers (BTS-2,

P-69) is placed normally (directly) alomg flow, and another they will

expand/scan by 180° (conversely).
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Pig. 10.1. Aircraft shielded thermometer.
Page 263,

It is preliminary, during flights in %dry™ air with different
heights/altitudes and at speeds are recorded their readings, froa
vhich is constructed graph ¢, = [(le). The typical form of this graph
is depicted in Pig. 10.2. During flights under conditions the icing
deteraine the values of the turned thersometer (relative to its
norsal position) and find through graph/curve fw = f(fss) value tpp-

Then according to formula (9.3) or by the expression
ro:tnp—‘ﬁgﬁ‘ (.IO )

is determined the true value of the temperature of surrounding air.

fhile conducting of tests with artificial icing the temperature

SN

. X e e o
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of surrounding air usually is measured out of. the conditions of icing
(in "dry" air), assuming that the same temperature is retained in
area of icing.when it is necessary to measure the temperature
directly in the zone of icing (for example, during use of vapor for

the condensation of drops or ejection of water), can be utilized the

same methods, as with patural icing,
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Pig. 10.2. The graph of the interdependence of readings of
temperature-sensing devices one of which they will expand/scan by

1809 relative to the incident flov.

Key: (1). Normal position of semsor. (2). Flow. (3). Bxpanded/scanned

position of semnsor.

Page 268.

Reasurement of vater conteant and size/dimsension of drops imn flight.
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Methods of measuring the water content of the supercooled drops
in flight most frequently are based on dependence (4.1), solved
relative to v:

W '%’T/:_g;_s‘ Ka/m3. (IO ;L)

To recover for this purpose water is possible, for exaaple, by
the air intake vﬁrled all over leangth, on which the water drains into
the graduated veSEQI vhere occurs the measurement of an increase in
the space of wvater for the specific time interval, Fig. 10.3 shows
construction/design of ome of such air intakes [83]). Difficulty
during the use of this method is connected with the fact that
interception coefficient B as is known (see Chapter 1IV), it depends
on the sizesdimension cf drops and flight conditions; therefore for
the precise measurement of water content it is necessary to
simsultaneously measure the sizes/dimensions of drops, and to

calibrate instrumsent under varied conditions for flight.
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Pig. 10.3. Instrument for measuring the water content by the direct
method: 1 - nose/leading edgye, soldered to core tube; 2 ~ core tube;

3 - external tube; 4 - tap/crane; 5 - fiberglass laminate bhousing.
Key: (1. To the meter of the quantity of the absorbed by water. (2).
Drain of vater-glycol mixture. (3). Supply of heated vater-Qlycol

mixture.

Page 265,
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Furthermore, such air intakes recover both drop water and crystals of

ice.

On ajircraft with the unpressurized cospartment for detersining a
quantity of absorbed by water vas utilized its freezing om the
control cylinder with wvhich ice periodically was removed/taken and
wvas veighed. For pressurized cabins this method is very

hindered/haspered and on conteaporary aircraft barely is applied.

There are also methods, pased on mass not measureament of vater,
but directly the space of the generatrix of ice. For this purpose are

applied rotating cylinders * and other devices/equipment.

FOOTNOTE 1. On the rotating cylinder, for example, is based the
aircraft ice detector (SIO) of the plant Gidrometeopribor. The
thickness of ice on it is measured with the aid of the carrier,
deflected by ice increased on cylinder. Carrier is connected with the
potentiometric pickup, signal from which is supplied to dial
instrument and to.chart recorder. A shortcoming in the instrusent in
the fact that it does not msake it possible to throw off ice in flight
and on the achievement of its thickness about 10 ams stop.

Purthermore, instrument is designed only for flight speeds to 200-300
ks/h. ENDFOOTNOTE.

.
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The precision/accuracy of these sethods depends (besides interception

coefficient E) from the value of the specific density of ice, entered

into calculation, and from the value of the coefficient of freezing
ice g‘“, vhich can change sufficiently over wide limits. Therefore

their precision/accuracy is saall.

Prom similar sethods the most simple and available is the method
of determining the wvater content from the speed of ice forsation on
the frontal edge of control cylinder or profile with the aid of the

measuring rule available on it. '

Since the thickness of ice is fixed/recorded on the frontal edge
of the profiles/airfoil (or cylinder), vhich has ssall
sizes/disensions, then into calculation should be accepted no longer
general/comnmon/total interception coefficient E, but local 8} vhose
value for the face grinding of this profile/airfoil is close to unity

and little it depends on flight speed 2 (see Section 4.1). i

POOTNOTE 2, One should, however, consider that in prdportion to the

growth of ice the fore of profilesairfoil can completely be distorted

and, therefore, value { wvill chaage. Therefore in the
profiles/airfoils, utilized for deteramining the vater content, msust
be provided the possibility of jettisoning ice upon reaching of the

thickness of its smore several aillimeters. ERDPFOOTNOTE. 4
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In this case the wvater conteat is determined from the expression

~ B0 _ Ma(®on s (l O 3)

W = e
- eEaVota ’BE‘IV.GO" (muw)

vhere =, - a time of the growth of ice in s, and Vaway ~ §m ming

&k, =~ thickness -of ice for the time of growth in am;

@, = ice density in kg/a3.

Por example, with h,=10 mm for . =3 ain, vhem ¢, =700 kg/s3,

V=150 a/8, ¢ - 09, (, = 0,8 we obtain v=0.36 g/a3,

Page 266,

The precision/accuracy of method, besides other factors, to a

considerable degree depends on the accuracy of reading of the

thickness of ice which during visual observation is not especially

high and usually connected with subjective errors.

Bafority of the enuserated instruments does not provide the
continnous recording of readings and requires supplementary

conversions, wvhich in flight is inconvenient.
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Bore the "high speed” methods from to continuous recording of
readings are based, analogously with the ice-indicating equipment of
indirect action, during the measurement of different indirect
parameters, which depend on the value of vater content. Nost widely
used of them is the method, based on the measurement of the quantity
of heat, expended for the evaporation of the absorbed by vater.
Structurally/constructurally it can be accomplished/realized in the
diverse variants. For example, V. A. Zaytsev's knovwn instrument {17]
is based on the comparison of the temperatures of two warmed
sarfaces, one of which recovers drop, and another is shielded from
them. The greater the temperatuzre difference between them, the
greater the water content of air. A difference in temperatures is
determined with the aid of therasocouples and is fixed/recorded with
oscillograph or visual iastrument, calibrated on water comntent. Dial
face is broken into tvo ranges: 0-0.3 g/m?® vith scale value 0.005

g/ad and O-3 g/mn3 with scale value 0.05 g/m3.

The general requirement for such instrusents lies in the fact
that entire absorbed by water would evaporate in the lisits of the
varaed zone, having thersosensitive elements (thermocouples),
othervise the part of the water, draining beyond the limits of this

zone, will not be considered in measurements,
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Prom the instruments, based on other methods, is interesting v.
I. Skatskiy's instrumsent {52), which effects during the measurement
of electrical conductivity of sensing element during the
incidence/impingement to it of water. For drainage is utilized
high-frequency heating, and sensing element is connected into the
circuit of the tube, wvhich controls/quides high-frequency oscillator.
Thus, in the absence of moisture the output power of generator is
minimun, and during moistening of sensing element output power

increases proportional to a quantity of absorbed by water.

Recording output power on oscillograph, it is possible to
rate/estinmate a quantity of grasped vater and water content of clouds

in any moment of tinme.

The great advantage of this instrument is its high response
according to output power, which makes it possible to fix/record
vater content to 5 g/md into very short time intervals. Pault of

measurenent of wvater content (according to V. I. Skatskiy*s data)

does not exceed 200/0.

There exist also the instruments, based on the measucresent of

the electrostatic charge of drops, for which they prelisinarily are
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charged, for example, passing through the framevork,
established/installed on the path of drops and which has large
potential.

Page 267,

Under the artificial conditions of icing let us use also the

indirect method of determining the water content, based on the

measurement of the flov rate of the water through the injectors:

w=-7%— Ks/m"‘ (IO‘—{)

where G, - a flov rate of the water through injectors in the kg/s;

Fo - area of injector grid (collector/receptacle) in the m2;

Vv - a speed of the flow through the collector/receptacle in a/s.

The measurement of the sizes/dimensions of drops is produced
vith the aid of photoamicrography. The essence of this method lies in
the fact that the drops are captured to microscope slide, and then

photographed under microscope [ 105). The measurement of the

sizes/dimensions of drogs is produced on the projection of negative
on shield either on photograph, then is produced conversion in

accordance with magnifying power or, which is more conveniently, on

" e e,
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the image of drops it is placed by the photo of the microgrid as
vhich it is possible to utilize, for example, a microgrid, used

during sicrobiological investigationms.

So that the drops deposited to glass would retain the initial
fors (would not spread), the surface of glass they cover/coat with
the mixture of petroleusm jelly and transformer oil. The composition
of the aixture of petroleua jelly and transformer oil depending on

the temperature of surrounding air is given below, im Table 10.1.

The use/application of a sixture of oil and petroleum jelly
usefully even and fact that it contributes to the slower evaporation
of drops. According to V. A. Zaytsev's data, rate of change in the
diameter of drop, vhich is located in the mixture indicated, on the
average is 0.07 p per minute, but error froa the decrease of drop
during photography does not exceed usually 0.2 u. Hovever, if the
time between the sampling of test/sample and photography is great,
then, in order to decrease the error in measutement due to
evaporation, is expedient the glass plates with the grasped drops to
photography to hold in special thermostat at fo-poratute of
to the

approximately 0°C (but it is not below, since this can lead

crystallization of drop).
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Table 10.1.
() Wemneparypa saaayxa »°C : 0+-5 1—5+ —ml_loTS 15 1 wn-
' oL ’ — xKe
¢3)Joas Bma3ze.IHHA B YACTAX OT COCTARA t 1 1 0
¢)doAR  TpaKCPOPMATOPHOTO Macha B 4 l 6 l 10 i

‘lacTAX OT cocrapa

Key: (V). Temperature of air in °C. (2). and it is below. (3).
Portion of petroleum jelly in parts of composition. (4). Portion of

traansforser oil in parts of composition.

Page 268.

Since a gquantity of grasped drops depends on the time of the exposure
of plate in flow, then for the taking of saamples fros air flow in°
Ceatral aerological observatory (TsAO (ILAO) = Ceatral Aerological
Observatory)) is developed special air intake, in vhich the exposure

of plate is limited (about 0.2 s).

Por flight tests on aircraft with pressurized cabin, and is also
on flying laboratories necessary the automatic or sesiautomatic
instrument with remote coatrol, which ensures photographing the drops

in the specific tiame.

The available at present eéxperimental developaments of such
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instruments possess, unfortunately, the number of the
structural/design shortcoaings which 4o not make it possible to thus

far recomsend them for wide use during the tests of de-icing systeas.

t

;

E Although photomicrcgraphy does not make it possible to check

E cloud microstructure in flight (due to the need of treating
photographic filam), not it gives the possibility to fix/record the
sizes/dimensions of drops, which occurred during tests. Therefore it

is desirable to apply it ia all cases.

During the creatiom of the artificial conditions of icing can be

utilized also the indirect method of control/check or assignment of
the sizes/dimensions of drops. For this prelisinarily determine the
dependence of the diameter of drops on pressure wvater de = [(ps) — for
the svirl jets or on the relation of the flov rates of wvater and air

d, = q;(f—i) - for ejector injectors.

If during calibrations it was provided the blowing through of
air vith speeds, close to the modes/conditions of tests, and 4
measursent was produced at a distaace, cotréspondinq to distance froa ‘
collector /receptacle to test object, then it is possible to consider t
that this calibration makes it possible with sufficient
precision/accuracy to rates/estimate during tests the size/dimension

of drops. i
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The measurement of air huaidity during bench tests can be
performed by ordinary psychrometers. With flight tests under
conditions of icing or on flying laboratories the humidity can be
seasured with the aid of on-board condensation psychroseters with

liquid or seaiconductor cooling [ 17).

HBovever, in the majority of the cases the measurment of humidity
by tests is not produced, but the necessary data are taken on the

atmospheric sounding of the atmosphere in flying area.

10. 2. Checking of the state of the shielded surface under conditions

of icing.

By the fundamental method of recording surface condition,
shielded froa the icing (besides visual observation, which as far as
possible must be provided in all'cases), is photography. For this
purpose is applied different photo- and fils equipament.

Page 269.

The latter is applied usually if necessary for remsote control,

especially for photographing of the parts vhose visunal
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survey/coverage is hindered/hampered or impossible. The start of
motion-picture cameras can be accomplished/realized by hand or
5 automatically through the prescribed/assigned time intervals with the

aid of programser.

During the setting up of apparatuses in flow they must be closed
by fairings, moreover it is necessary to attempt to arrange ohjective
8o that for it would not fall the moisture. If for some reason this
location of objective is impossible, then it should be shielded by

the jets of varm air (air barrage) directed against flow (Pig. 10.4a)

or used the varmed protective glass (in this case for guaranteeing
the visibility it is desirable to cover the glass outside with
hydrophobic lubrication). During the location of the apparatus higher
than photographed surface it is possible to establish/install

shiaelding visor, which screens the flov (see Pig. 10.4b).

F’hotoqraphinq-the rotating parts can be used high-speed/velocity
movie cameras, operating speed and time of exposure of which must be
selected in dependence on the angular speed of rotation of object

relative to objective.

Photographing helicoptezr screws/propellers in flight can also be

P

fulfilled with the aid of the usual ssall/ainiature movie caaseras,

adjusted above propellexr hub, to dampers or it is direct to the root
pact of the bl.dct/vangc.,lto ssed for this purpose apparatuses they

sest possess sufficieat secheaical streagth and vibrationm stability.

Sl i el e
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Pig. 10.8. Mounting methods of aotion-picture camera against airflow:

a) the use of air barrage; b) the usesapplication of a deflector.

Key: (9. Flov. (2). Air covering detachment. (3). Apparatus. (4).

Shielding deflector. (5). Heated air.
Page 270.

Special requirements are iamposed on the setting up of egquipment
in the inlet ducts of the engines: first, one should approach that so
that it would not be the parts protruding into the flow; but if this
is not performed, then protruded parts must be warmed. In the second
place, it is necessary to ensure sufficiently intense illumination of
the photographed parts. The cavities in which are
established/installed the apparatuses and lighting headlights, must

be separate/liberated fros air duct by the transparent illuainators

4
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(in this case must be accapted measures against aisting of glasses)
or these cavities they must be from outer side sufficiently

hermetically sealed for preveanting the duct of air which can attract ;
after itself to the objective of the drop of water from the channel

of engine (Fig. 10.5). Por decreasing the interferences from

-y -
|5 S

scattering light which originates from the drops of water in air,

headlight it is desirable to have available after the device or in

B T SR

——c s

places different with it along circuaference.

for direct observation in tests of the icing of unavailable ones
for the visual inspectiom of parts «re used television L
equipment and different periscopes. In this respect proamising can be
the instruments with fiber optics. The objectives of the receivers of
these installations must be arranged/located analogously with movie.

and Pkoto cameras -

For the remote recording of the zone of catching and spreading

of water camn be used the instruments with the film gauges, based on

the measurement of the electrical conductivity of ice or film of

water on surface. But if it is required to measure the thickness of
ice on the icing up surface, then for this it is possible to utilize
the smsall/minjiature radioisotope sensors, based on the same
principle, as the radiocactive signal indicator, described, for

example, in work [58).
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FPig. 10.5. Setting up of motion-picture camera and lighting headlight

in the inlet duct of engine.

Key: (1). Illuminator of apparatus. (2). Illuminator of headlight.

(3) . Headlight, (4). Hatch for charging of apparatus.

Page 271.

Por the one-shot measurament of the region of catching or

. spreading there can be used also different coatings and lubricants,

TR i Ny

» vashing off or changing color with wetting.

10.3. Evaluation criteria of the conditions of icing in flight.
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The conditions of icing necessary for tests would be
characterized sufficiently fully in the presence of the instrumsents
vhich in flight would directly show the value of the fundasental
parameters: wvater content, humidity, size/dimension of drops and
teaperature of air in cloudiness. But, as has already been spoken,
the satisfactory methods of deteramining these all parameters in
flight at present there is not. Therefore it is necessary to resort
to some conditional criteria which do not provide the quantitative
determination of the required paraseters, but allow in tests

themselves to totally rates/estimate conditions icing.

By simplest and available evaluation criteria of conditions, as
for the definition of water content, is the speed of ice formation on
control cylinder or profilesairfoil (as, for example, standard

indicator GOSNII GA (58])) (Figy. 10.6).

Besides the speed of ice fornation.'on this profiles/airfoil it
is possible to observe the fora of ice built-up edge and its extent
over surface, vhich is also of interest. This evaluation is useful
not only for test flights, but also for scheduled ones, since it
gives the possibility to pilot approximately to judge about the

intensity of ice forsation and the forms of ice on all aircraft

T T S e
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components.

It is frequently necessary to determine the icing intenmsity of
one or the other part of the flight vehicle. For this directly on the
surface of interest there is captured the in parallel to flow
measuring rule (or pin), on which periodic with the aid of

motion-picture camera or visually is fixed/recorded the speed of the

H increase of ice.
¥
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Pig. 10.6. Diagram of the standard indicator of the icing State NII

FOC HHH FA- Scientific Research Institute] GA.

Key: (1) . Heating. (2). Framework/body. (3). External tipping.

Page 272.

During test -flights it is to important rate/estimate not only
icing intensity of individual parts, but also condition of icing in
cloudiness (not depending on the type of flight vehicle and its
flight conditions). In this connection deserves attention the
criterion, proposed by 0. K. Trunov [ 58] and representing the

relative intensity of icing which does not depend on flight speed:

IS0 mejm, (10. 5)

vhere /.« - a speed of ice formation on sight indicator in the

sa/nin (V5 - in kmsh).
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It is logical that the regquired (final) for tests speed of ice
formation does not remain constant, but it changes according to the
temperature of the ambient air in accordance with the dependence of
vater content w=f(t,) (see Section 1.2). In this case it is necessary
to ‘bear in mind, that to fulfill tests under conditioms of the icing
vhich vould be not lover than prescribed/assigned calculation,
although it would be desirably, it is virtually hardly possibly;
since for the searches of suca coanditions would be required hundreds
of flights. Therefore during the assignment of final speed of ice
formation it is necessary to select only probabilistic curve of the
water content, the ainimally necessary for the evaluation of systen
(see Chapter I), with which the volume of tests under conditions of
icing vould be acceptable. 0. K. Trunov, for example, proposes for
this to be restricted to 30-950/0 guantile, what is completely
peraissible (that correspoadiag to 90o/0 of quantile of the speed of

ice formation is given im Table 10.2).

Bevertheless, if one considers that the tests must be carried
out at different temperatures of surrounding air, then for searches
aven of conditions indicated above is required the also very
considerable space of flight tise. Therefore in many instances,

apparently, it is possible to allow an even lover quantile of water

|
|
|
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content, on the basis of the fact that in prOpogtion to decrease in
the gquantile of the amount of vater content is decreased entire to a
lesser degree (for exasple, upon transfer from 990/0 of guantile to
9000 water content is decreased on the average
approximately/exeaplarily by 0.3 g/m3, and fros 90o/0 to 60o/0 - in
all to 0.2 g/u3), probability wvhereas of the rendezvous of

latter/last conditions considerably growvws/rises.
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Table 10;2-

R, ormocured i o] 1 uchsolts abaco6paso-
Texnepurgop‘;;l:xry;manouue- ol ;?::g:;:]:::::u:f:?;:ﬁ?h; nmu‘:::umu:::e (l?:,:
TERT T ) Tene | ' = 300 xu/uacy I
B - UM AM , MM MUR® )
-9 E 0.7 59
—10 0,4 3.4
-18 0.25 2.2
-2 u,15 1,3
Key: (V). Temperature of surrounding air t4 oC. (2). Belative

intensity of ice forsation on indicator I mm/km. (3). Intensity of

ice forsation on indicator (V,=500 kl/h)jf§K an/nin ¢,

*é POOTNOTE . Intensity is designed for o, -s0 kg/e?® and & -os

Page 273.

However, need in endurance tests in natural icing genmerally is

elisinated, if deicers are preliminarily treated in artificial
conditions when without difficulties can be established/installed the
required calculated value of water content. In this case, as has
already been mentioned above, natural condition test it is possible
to restrict by a sinimua nuaber of flights which can be fulfilled at

teaperatures, corresponding to the greatest probability of icing.

Prom other criteria should be noted relative evaluation criteria




DOC = 79116313 PAGE ¢ (00

of the comditions of icing in f£light according to heat removal,
proposed by A. N, Men*shchikov. Its sense consists in the fact that
for the varmed profilesairfoil (or cylinder) they are.deterained
exper isentally or calculated of the conditions under which heat
removal vith heating surface maximum. Criterios K.., corresponding to
these conditions is accepted for 1 (or 1000/0). Then all actual
conditions will be expressed in the portions of unity. According to
the scale proposed by A. H. Hen'shchikov to the weak conditions of
icing corresponds K. to 0.45, to the averages from 0.45 to 0.7, the
strong froam 0.7 to 0.85 and very strong more than 0.85. (Criterion

K.sa cam exceed .unity under conditions more severe than calcelation.

b il
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Page 274.
Chapter XI.
Testings under conditions of artificial icing 1,

POOTNOTE 2. It is written by B. A. Stroganov, R. Kh. Temishev, V. N.

Leont*yev. ENDFOOTNOTE.

The creation of the conditions of artificial icing consists in
artificial formation/education or spreading in air flov of the water
drops which must have the'sane sizes/dimensions and shape and the
sase temperature as drop under natural conditions, but a quantity of
vater in flov must correspond to natural conditions.

11. 1. Bethods of creation of conditions of artificial icing.

Creation of the conditions of artificial icing in air flow by

several possible methods:
a) by direct condensation of vapor:;

b) with the aid of the spattering of wvater due to the
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centrifugal forces;
c) vith the aid of injectors (vortex/eddy or ejector).

Condensation of vagor gives drops in practice identical
according to sizes/dimensions to natural ones, however, since the
creation of the necessary water content requires a large quantity of

vapor and, furthermore, its condensation produces preheating air

flow, wvhich in a number of cases is extresmely undesirable, this
method in "pure” form did not find use. In some installations, vhich
vill be discussed lower, vapor is utilized as the ejection gas and

its condensation in this case it gives positive effect, foraing

: additionally the drops of small/fine diameters.
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Pig. 11.1, Water-spattering injectors: a) the vortex/eddy type; b and

c) ejector type.

Key:s (V). air. (2). vater.

Page 27S.

Splashing of wvater in the ceantrifugal atomizers is

FA
.
&
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accomplished/realized by its supply to the center of the rotor (disk,

cone, etc.), vhich has radial channels (drilling). During the

rotation of rotor the water by centrifugal forces is thrown out froas
channels. This method requires the guarantee high speeds of rotation (t
of sprayers. Installations for pulverizations/atomization are bulky. ,;
Hovever, valuable it is that the drops are very unifors in
size/dimension; therefore this method sometises finds a use in

laboratory installations.

i ST o N e RS e -
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Pig. 11.2. The schesatic diagram of the vaéer—spattering systeam for
the swirl jets, which effect with the aid of the compressed air: 1 -

reduction valve; 2 - tap/crane; 3 - tap/crane; 4 - air pressure gage;

S - vater manometer; 6 - collector/receptacle with the injectors; 7 -
air reducer; 8 - tank/balloon for the air; 9 - wvater tank; 10 -

filter.

Key: (1). Drain of water.

U
{ grf%u' LA | Cout 8035 (1

Pig. 11.3. Schematic diagram of water-spattering system for vortex

o —
.. . b . . . . TR £ . X3 N S,
S AT . o F e AL n




W - " . . et e e

PR

DOC = 79116313 PAGE 34~ ol

injectors with hydraulic puap:

1 ~ collector/receptacle ¥ith injactors; 2 - manometer; 3 -
high-pressure filter: % - reduction valve; S5 - pump with drive; 6 -
lov-pressure filter; 7 - tank; 8 - tap/crane; 9 - tap/crane; 10 -

F check valves; 11 - tap/crane of purging.

Key: (1). Hot air for blowiny through. (2). Drain of water.

Page 276.

Most widely during the creation of the conditions of artificial
icing are applied differeat injectors, which by its
construction/design and according to operating principle it is

possible to divide into two fundamental forms: vortex/eddy ones ! and

ejector [90]), [92).

FOOTNOTE 1. The swvwirl jets sometimes also call centrifugal, but we

will use latter/last term only with respect to the sprayers described

above, ENDFOOTNOTE.

In the swirl jets the water supplied under pressure, passing
through tangential openiangs/apertures or along spiral channels,

untwvists and is thrown out outside, creating the flame of

3;
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atomization. The exasple of the comstruction/design of vortex,s/eddy
injector is represented in Fig. 11.%1a. In order to avoid the freezing
of water in injector, on them usually is established/installed
electrical heating or is utilized the heated wvater. Pig. 11.2 gives
the schematic diagram of water-pulverization system for the swirl
Jets. In it for water supply to injectors is applied the pressure of
the compressed air, Is possible water supply, also, with the aid of

pump (Pig. 11.3), but the compressed air is' convenient fact that it

T TIPS T —r = o R

makes it possible to easily provide a change of the pressure in

entire operating range (usually 0.3-3 Mnv/m2).,

A el

In ejector injectcrs (see Fig. 11,1b, 11.1c) atoamization is
produced due to the fragmentation of water by the flowv of inducing

air or vapor. The diagram of water-atomization for pneumo-ejector

injectors (Fig. 11.4) is ontained considerably more coaplicated,
since, besides the lines of water supply, are necessary other lines

of the supply of the ejection gas, and also the 'sufficiently

poverful/thick source of the compressed air or vapor.

Selection of a quantity of injectors. 3

The necessary quantity of injectors in collector/receptacle is
deternined from the condition of the uniform atomization of water all H
|

over area of collector /receptacle or subject of object. With the %

B A el
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1

atomization of the vater through the injector the fora of atoaization

is at first close to cone, and then is converted into shapeless

cloud, Transition/transfer froa come to cloud occurs at a distance of

; approximately 30-50 ca.

o ” s a5
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Pig. 11.68. The schematic diagram of the water-spattering systea for

the pneumo-ejector injectors: 1 - tank with the vater; 2 - the

coapressed air tank; 3 - supercharger of the ejector air; 4 - heat

exchanger; 5 - taps/cranes; 6 - collector/receptacle of tha vater
sprayer; 7 - flov meterse.

Page 277.

In order to ensure the uniforaity of the field of atomization,
the distance between injectors in collector/receptacle must be
selected by such so that despite all modes/conditions of tests woulad

be provided overlapping or at least contact of the spray cones of
adjacent injectors.
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Value of spray cone as the remaining parameters of the "

atomization: the flov rate of the water through injector and average
size of the obtained drops, in sany respects they depend on quality
and individual characteristics of the manufacture of injectors and
during layout they must be takea into consideration by preliminary
calibration. Fig. 11.5 as an example depicts the dependence of the
angle of atomization on the pressure of water for the swvirl jets of

average size. As is evident, the angle of atomization depends froa

pressure in the range to IMnN /a2 (about 30 atm.), and further it is

virtually equal to 90°,

Another condition which they must satisfy the selected

injectors, is the guarantee of required flow rate G, of water. For
this it is necessary that each injector would provide the flow rate

(it is not less) |

; G M) ' r
) Key: (1) . kg/s. q =TZ“ Ka.'cex, (1. 1)

. coenrfesming ro
vhere Us; - required flow rate in kg/s, 4

max

according to

foraula (10.4):

RO

ny = quantity of injectors.

i
’
:

The flow rate of the water through injector g depends in

Friw s -
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essence on the feed pressure of water and diameter of ountlet and is
deterained by the calibration of injectors. Such dependences for

several injectors are given 1in Fig. 11.6a.

Besides required flow rate, the selected injectors aust provide

the necessary atomization of drops according to sizes/dimensions.

e i
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Pig. 11.5. Dependence of the angle of the spray cone of vortexs/eddy

in jector on pressure.

Key: (1) .mn /02,

Page 278.

Por the swirl jets the diameter of drops depends also on the
diameter of outlet, on the pressure of the supplied wvater. So (see
Pig. 11.6b), with an increase in the pressure to 0.3 from 3 my/a? the
diameter of drops varies froa 170-200 to 40-80 p. True, at a pressure
of more than 7 mpy/a® the size/dimension of drops virtually resains

constant and is not changed with an increase in the pressure.

for ejector injectors the size/dimension of drops is deterained

in essence by the ratio of the weight flow rate of vater to the flow

rate of air (Pig.. 11.7).
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Pig. 11.6. Pundamental characteristics of the swirl jets: a) the

minute flov rate of water Gal'ng/lin; b) the sizesdimension of drops

“ im pe

Key: (1).

g/min.
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Page 279.

Thus, in this case is opemed/disclosed great possibility for
variation by the flow rates of water and air for guaranteeing the
required diameter of drops. In this case for guaranteeing the
atomization there is no need for applying the high pressures of water
and air, but it is possible to be bridged with pressures 0.1-0.3

Mn/n® both for vater and for air.

The comparison of Figs. 11.6 and 11.7 at first glance shous that
the use/application of vortex injectors cannot ensure atomization
necessary for a complete analogy with natural conditibns (20-30 u);
however, this not entirely so. The data represented in Pig. 11.6 are
acquired during the calibrations of the injectors, not blown
out/blown off by the air; whereas during the incidence/i.pinqelent of

drops into air flov they undergo supplementary fragmentation [116).

Thus, comparing between themselves these twvo forss of injectors,
it is possible to arrive at the conclusion that the first provide
great possibility in a change in the size/dimension of drops (due to
the ratio of the flov rate of wvater to air), but they require the

sore complicated feed systeam of water and air, the second are more
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lisited on the possibility of guaranteeing the required

sizes/dimensions of drops, but sake it possible the more simple to [

ensure atomization vater in air flow.

11. 2. Determination of temperature and rate of evaporation of the .

drops of water im air flow. }f

With the existing methods and the ways of the checking of the
conditions of icing to determine the temperature of drop in air flow

by direct measurements it is not possible. Therefore it is determined +

by calculation on the base of known meteorological conditions and

temperatures of the vater before pulverization [110).
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Page 280,

Pulverization vater in the flow of cold (0 - -309C) air usually f

produce at relatively high (to 50°C) temperature of water. Palling

into flow, drop begins to be cooled, but so that it would achieve the
?é necessary teaperature, usually to the egqual or close teamperature of
E? air, is necessary for a while. Cooling drop in flow occurs, on one
. hand, due to convective heat emission froa drop into flow, and on the
other hand, due to the evaporation of water. This cooling continues
until the temperature of drop becomes somevhat less than the
temperature of surrounding air, and then convection heat transfer
vill go from flow to drop and it wall balance the heat losses due to

evaporation. As a result will be established/installed certain

equilibriuas (somevhat different from the temperature of surrounding

air) temperature.

The density of the flow of heat emission due to convection at
the lov relative speeds between air and drop can be represented the
equation ¥

g = 47r2 -;’.: /a2 (1.2

vhere r - a radial distance fros the center of drop m:

N R . S .-q.)“{.-v o DO
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A - thermal conductivaity of air in W/ (medeg).
Integration of equation for a sphere with a radius of r gives
Qu=dnr A(tc - t;) Be (11. 3)

The heat emission ci drop due to evaporation is equal (see

Chapter V)

‘ Qﬁx( = qp['uFKv (ll 4)

vhere the density of the heat flow, spent on evaporation, is defined

as

gp - 0.622 M B (11.5)

Cpli Py

wvhere ¢, - an elasticity of vapor at temperature of the surface of

drop.

Thus, cooling drop in air ftlow is determined by

relationship/ratio (with ¢, = 1000 J/kgedeqg, ([, =25x10% J/kg)

4 i . dit r =y Un <, !
i :tr.\g,‘cs—J"‘ - dar, ‘:Ak(t_—-t,,) 15504 b‘;»'- Ik

vhere Ps - water density in kg/a3;

o, Y . PR T
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¢ - heat capacity of water im J/kgedeg.

Page 281.

The time Ar, necessary so that the temperature of drop would

fall from ¢, to i it is equal

'KX

o 3
AT B r;(gs;'s\s —— L{.IK,_v o _(,,v o
(te— to1 -+ 1850( o )

1K° . (]

After integration amnd conversions we obtain

= k@l ty—ty 1.6
At = — 57 lgtxo—t.,' ( )

vhere X - the coefficient, deterained by formula (5.39).

The equilibrium temperature of drop # can be determined from the

condition of equality heat fluxes (convection and evaporation)

— drr A (f — 1) = 4nr, °-623;L"h e (11.7)

i.e. by the sanme method, as the equilibrium temperature of aoist

surface ,  (see Section 5.5).

The time r, for wvhich the drop will be cooled from initial

temperature !, to equilibrium teamperature tv, 1s determined by

successive approximations, selecting ;;, amd hu+n sufficiently close,

so that the coefficient X with change temperature to /: from /.y,

virtually vould not vary [104].

. e
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Page 282.

Method presented above makes it possible to ratesestimate the

time of cooling drop in dependence on the temperature of air flow and

size/dimension of drop. These data are necessary in order to

correctly select distance froa injectors to the experience/tested

object, since as the tramsit tise of this distance drop must be
cooled to the equilibrium temperature or in any case to teaperature,

it is sufficient close to the teamperature of air flow.
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Pig. 11.8 depicts the graph/diagras of the dependence of
temperature on time for the drops of different diameter at
temperature of air flow of -20°C and initial temperature of water of
50°C, froam which it is evident, for example, that thé cooling time
from 50 to -20°C will compose for the drop with a diameter of 20 u of
approximately 20 ms, and for the drop vwith a diameter of 50 u of

approximately 120 ms.

At velocity of incident flow 100 m/s the distance from the
collector/receptacle of water sprayer to the experience/tested object

must be not less than 2 a for drops 20 p and 12 a for drops 50 pu.

one should consider that in view of neglect of that forced of
the heat emissions of drop, which, it is doubtless, will occur in the
beginning of motion, givem calculation gives the high time of cooling

drops and, consequently, also a somevhat high distance.
11.3. Conditions of the siamilarity of tests on models and nature.
With conducting tests in models and mock-ups vhose

size/dimension differs from the sizes/dimensiocns of full-scale

sa-plos/gpecinens, the results of these tests, other conditions being




5
i
§
.
! ‘
3
3
i

DOC = 79116314 race A+ ( 2 o~

equal, it is doubtless, they will differ fros full-scale ones. In
order to ensure conformity between tests on model and nature or to
make possible to lead via conversion the results of model tests to
nature, it is necessary to derive the criteria of similarity of the
phenomsena and to find the methods of their use [152). In chapter IV
vas shown that such most iaportant parameters of icing as the
size/dinmension of the zone of catching, coefficient of capture/grip
and its surface distribution are determined by two parameters Re, and
. Let us present led in chapter IV equation (4.10) in the form of

overall functional dependence (for one-dimensional flow)

d2xy

ded ,(fn- Re, ¥, Reo‘ Ve (fltt“ )

Coefficient ¢, is the fuaction of number Re: ¢, =c¢,(Re),which in

tarn, is determined depeanding on aumber Reg; . amd 5%.

Page 283.

The relative speed of flow o, is in this case the fuanction of
coordinate x and aerodynasic airstreas data. During the guarantee of
aerodynamic similarity of flow, what is an indispensable condition of
all tasks, connected vith the studies of the flow around models, v,

will be identical both for the acdel and for nature.

As is evident, by the independent paramseters, which are’

LS ol
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determining the solution of the differential equation (if we consider
that the similarity of airspeeds U, is provided) are numbers Re, and

).

Led earlier in chapter of IV dependence of the fundamental
characteristics of the catching of the drops: the interception
coefficient and zone of catching on parameters Re, and ¥ show their
equivalence for a character catching.)

4/,,_,~'“"//
L

Interception coefficient and size of the zone of catching depend

substantially both on Re, and om V.

thus, during model tests for retaining/preserving/saintaining
the sisilarity it is necessary to observe equality nuabers Re, and
¥ for model and nature, i.e., if model will be two times less than
nature, then for retaining/preserving/maintaining constancy ¢ it is
necessary to have drops two tises less than during the tests of
nature, in this case for retaining/preserving/maintaining the

constancy Re, it is necessary two times to increase the speed.

These conditions are aot alvays feasible; therefore it is
expedient to carry out tests in certain range Re, and ¥%. giving to

them several values, and then to use extrapolation. This will

-

S5 o { h . rp it




p——— O

DOC = 79116314 PAGE /C P ‘/

siaplify conducting tests and will sake it possible to obtain §

——
i

T e, s

necessary for bringing to nature data.

11. 4, Pundanental types of settings up (stands) for an artificial

icing.

A1l installations (stands} for the creation of artificial icing
can be in teras of design features and endeavor divided into the

following groups or the types:

flying laboratories,

helicopter stands,

stands for engines, H

refrigerated-vind tuanels,

- spiral stands,

laboratory installations.

Bost widely in practice are utilized installations of the first

three types.
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Plying laboratories.

The flying laboratories are very convenient for the
investigations of icing and protection from it, since with their aid
simply is solved a question about the guaramtee of the necessary
temperatures, heightss/altitudes and flight speeds. Such flying
laboratories are equipped on the basis of different aircraft and

sufficiently videly they are applied both in our country and abroad.
Page 284.

In particular, they are utilized by firms "Napier®, "Bristol®,
"yiking® in Bngland; "Boeing®™ in the USA; "Turbomeka®™ in Prance [86]),
[91) [93]), [126].

as illustration in sore detail let us pause at the
investigations of firs "Mapier® on aircraft "Lincoln BK® (Vipeac = 450
kR/Be Hupeac = 6700 Mg H,.. = 8500 8)e On the fuselage of this aircraft
(Pig. 11.9) wvas established/installed the farm/truss with &9
pneuno-ejector injectors. At a distance of 1.8 m after it wvas
arranged/located the tested sectioa of wing or tail asseably

(size/disension of secticn comprised to 2.7 m on heightsaltitude and
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2.1 » along chord). Pastening section vas made rotary, so that daring

tests was provided a chamge in the angle of attack from -1.5 to j
+15.5%. Was provided for the possibility of the heating of sections
both electricity and by air (the available power of heaters in
sectioan or on electric furnace for heating of air was equal to 80

k¥) .
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Pig. 11.9. Plyiag laboratory on aircraft "Lincola NK" for the

investigatioas of questions of icing.

Pige 11.10. Plying laboratory oa aircraft ®viking®.

Page 285,

Air for heating and atosization was taken froa special supercharger.
Sections vere prepared by thermocouples and were drained/vented on
span and along chord. This sade it possible to establish/install the

picture of icing under the varied conditions of flight, zone of

NI L N 2 ) AP T
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catching and spreading, to detersine the character of the
distridbution of pressure according to the surface of sectiom, to b

refine heat-transfer coefficieats, required energy consuaption, etc.
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Pig. 11.11, Water-spattering installations on aircraft “"comet™ for

the tests of engine "Avon R. A. 29%,

SN

rig. 11.12, Water-spattering ianstallations for tests of TVD: a)

engine "Nyad™; b) engine "Riaad~”,
Page 286.

Special attention vas given to the guarantee of vater content and

———
E P
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fineness of atomization. Por this purpose the sprayer was specially
calibrated, comprised the graphs of the flow rates of water and
sizes/dimensions of drops froam the pressure of inducing air. On these
graphs vere established/installed the modes/conditions of the tests,
vhich then vere more precisely foramulated and were checked in tests.
Control/check of the size/dimension of drops was
accoaplished/realized via the taking of samples to microscope slide
and their photography under microscope. Control/check of water
content was accoaplished/realized according to the real flow rate of

wvater.

The especially widely flying laboratories are utilized for
checking the protection froa the iciang of air intakes and intake
parts of the power plants. As a result of their coaplex layout the
theoretical calculation of the zones of the catching of ice and
generally the developaseat/detection of the surfaces, subjected to
icing, is very hindered/hampered and all these questions are solved

usually during tests under conditions of artificial icing.

Investigations on flying laboratories make it possible
previously in mock-ups to master the construction/design of deicers
and to select optimum version for its introduction into production.
This practice makes it possible to avoid changes in the

construction/design on real object and to accelerate its
starting/launching into a series. rig. 11,10, 11,11, 11,12, 11.13

shov some flying laboratories, iantended for the adjustment of

de~icing systeas.
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Pig. 11,13, Plying laboratory on the aircraft of I1-18 for the study

of the icing of the full-scale sections of wing, tail assembly and
other parts,

Page 287.

Helicopter stands.

For the tests of de-icing systems and study of the process of
the icing of the carrying and tail rotors of helicopters under
conditions of artificial icing are applied the setups or the
helicopter stands, construction/design and technical characteristics

of vhich they can be very differeat [ 141], [143]), [ 14a).

To some of them the investigation is produced only by the race

of engine on the earth/ground, oa others is provided the possibility
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of the flight/span of helicopter or its hovering in the zone of
artificial icing. Majority of helicopter stands functions only in
vinter time at natural sinus tesperatures, but in certain cases is
provided for the possibility of cooling air in the location where is

located helicopter (refrigerated-wind hangars, etc.).

In the majority of the cases such stands are the complicated
engineering installations of very imposing sizes/dimensions. Pig.
11. 14 shows the appearance of the helicopter stand of the
national-research center in Canada. At farm/truss (in long
approximately 20 m) is established/installed ejector type 161
injector (ejection of water is accomplished/realized by vapor). On
steel mast the farm/truss is built up to the height,/altitude of 15-20
2 and vith the atomization of water is created the clouds resulting
from industry by the size/dimension from several ten to hundreds of
meters, in vhich it is accomplished/realized hovering or

flights/spans of helicopter.

G rlet ‘A;:I‘;S&(")"J:ky;w.;f. BRCSRIRRPRE 'S L e YT
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Pig. 11.14. Helicopter stand of the national research center of

Canada.
Page 288,

Pig. 11.15 shows Soviet stand for the investigation of the icing of

the heavy helicopters.

However, in a number of cases can be used sufficiently simple
installations. As an example of this installation can serve stand for
the icing of rotors, averayges/mean and light helicopters, shown in

Fig. 11.16.

A—— T iy 3
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It consists of two struts (masts), stretched by two braces froa
each side. The vater-spatteriny device/equipment is made fros the
tube, suspended/hung froa two cables and butted fros the series/row

of sections.

Water-pressure systea is established/installed in the movable

van vhich can be utilized also for other installations.

Helicopters test while noveriang, moreover for increasing the
safety of experiment they aust be mooreed. A sisilar stand
successfully vas applied, for example, for the investigation of the

icing of such helicopters as Mi-4, Ni-1, Ka-15,

During the studies of the icing of helicopter screws/propellers
under artificial conditions should be focused attention on the fact
that to ensure uniform water content in clouds resulting froa
industry is virtually very difficult, since as a result of
evaporation into the surrounding cloud dry air wvater content on the

periphery of cloud is always less than in its central part.
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rig. 11.15. Stand for the investigation of the iciag of the heavy

helicopters of the type of Ni-6, etc,
Page 289.

Por the described above stand of the simplified
construction/design it is necessary to consider one additional
special feature/peculiarity. The speed of the sucked through
screw/propeller air varies along the length of blade/vane from zero
to maximum value on an end radius. If in this case injectors along
the tube of stand are arranged/located with identical space, the
vater content and, consegueantly, also intensity ices foramation on
blade/vane will be respectively decreased fros its root tovard the

end, curve 1 in Pig. 11,17,
Arranging/locating injectors vith the changing according to the

specific lav space, it is possible to to a considerable extent

decrease the described phenomenon (curve 2 in Pig. 11.17).




DOC = 79116314 PacE o 3(

El e Bt N

. Pear

Pig. 11.16. Simplified version of bhelicopter stand for the

investigation of the icing of average/mean and light helicopters.
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Pig. 11.17. Intensity of ice formation along the length of blade/vaae
vith icing on stand: 1 - with even pitch of injectors; 2 - with
injector grid according to specific lav; 3 - with hovering under

natural conditions of icing of high above earth/ground.
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Key: (1) . as/min.
Page 290.
Rowever, in any event essential effect have wind gusts, reflected

from the earth/ground the airflow, etc., thanks to which of the

condition of icing differ somewvhat from natural ones. In particular

this affects the root sections where air-intake velocity is low;

therefore the significaant part of the drops is related and icing

e

b,
intensity is understated (curve 2 im Pig. 11.17). Therefore

tests are produced usually as follovs: helicopter for a certain

RO —

period of time is subjected to icing on stand without the start of

R TI I

de-icing system. Then is produced its landing and measurment of

thickness of ice in differeat cross sections throughout a radius of

blade/vane, According to this thickness of ice is produced the
calculation of the intensity of ice formation and local vater
content, which is usvally differeat in a radius. After this are

fulfilled already "working® amodes/conditions in :accordance with

study program. (The reference performance regarding the thickness of
ice, analogous described above, they are produced periodically during

entire tise of tests).
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Stands for engines.

Are known several types of installations for the investigation
of icing and effectiveness of the de-icing systeam of enginaes with
artificial icing, for example the open stand, equipped by the special
vater-spattering system (Fig. 11.18); the stand, equipped with
cooling imstallation (Fig. 11.19); the thermobaric chamber, in which
the tests are conducted through stagnation parameters (B=0) (Pig.
11.20) ; the thermobaric chamber, in vhich the tests are conducted
under conditions of the free flow, with the blowout of powver plant
(Pig. 11.21).
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Frig. 11.18. The open stand, equipped by the wvater-spattering systea:
1 - engine; 2 - the input device; 3 - inspection wvwindov; 4 - tube; S
- collector/receptacle with tae injectors; 6 - camera; 7 - projector:;
8 - machine tool; 9 - thermometer for vater at the entry into the
collector/receptacle; 10 - manometer for vater at the entry into the
collector/receptacle; 11 - filter mesh; 12 - high-pressure pump; 13 -

vater tank; 14 - tap/crane.
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Pig. 11.19, Stand with coolimg installation for study of icing of

pover plants: 1 - cooler; 2 - water sprayer; 3 - mufflers; 4 - pover

plant.

Page 291,

The advantage of the open stand is its simplicity and

possibility of rapid installatiocn and conducting entire cycle of

i o1 i =
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tests [78). As this stand usually is utilized the stand, used for the

ground tests of engines which for these purposes is additionally 3

equipped by systea of water-pulverization/water-atomization and by

L A

corresponding monitoring and measuring equipment. A shortcoaming in

this stand is the possibility of conducting the tests of the
effectiveness of POS of engine only under vinter conditions at

negative free-air temperatures.

Cres e Enet e AN

This shortcoming is removed in the case of the tests of engine

in thermobaric chamber. Air into tmermobaric chamber at a necessary %

minus temperature is supplied from compressor station. : ?
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Fig. 11.20. Thermobaric chamber for the tests of eagine on parameters

of braking.

Key: (1) . Emngine. (2). Theraocouples. (3). Manometer.
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Pig. 11,21, Thermobaric chamber in vhich poser plant is blown

-— RO

L ef— - -

out/blown off by flow: 1 - chamber/camera; 2 - supply of cold air; 3

- nozzle with heating; 4 - enyine; 5 - engine nacelle.

Page 292,
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Cooling air usually is produced in the special cooling turbine, then
in order to exclude the supply of the saturated by moisture air into
the thermobaric chamber (which 1is with difficulty considered
quantitatively), is produced its drying usually in special silica gel
devices/equipment. Besides the possibility of conducting the tests at
any time of year, the essential advantage of the thermobaric chamber
over the open stand is also the possibility of conducting the tests
under altitude-speed coanditions. Conducting such tests makes it
possible to produce the evaluation of the effectiveness of POS of
engine under operating conditions according to height/altitude and

flight speed.

The third type of installation - thermobaric chamber, in which
the tests are conducted under conditions of the free flow with
blov-through of the power plant, allovs, besides the effectiveness of
POS of engine, to test also the effectiveness of POS of aircraft air

intake.

Checking the effectiveness of POS of engine is produced in the
folloving trimmed/steady-state modes/conditions: idling, about 0.6

noainal ones, nominal and saxisua.

Testing it is expedient to carry out at three values of

temperature of air at the inlet into engine in the
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prescribed/assigned teamperature ramge of surrounding air at the

appropriate standard values of water content.

- 7T

The required flow rate of water is deteramined froa forsulas

(10.8) , moreover in certain cases in flowv itself can be certain

ey = me—eee

initial vater content u,,, taking into account which through

injectors is supplied the quantity of vater, equal to

Gy =y W, (11. 8)
vhere

Kp =W —

.
HAY

s

Testing it is expedient to carry out with the imitation of all

available on engine devices for air bleed.

Engine must be prepared by thermocouples for measuring the

e e e o

temperature of the walls of the elements/cells of inlet duct and

fairing about the engine naceliae.

Under conditions of icing the engine with connected POS of inlet i
parts and engine nacelle is maintained/vwithstood in all
sodes/conditions, except maximuam, not less than 10 min, and under

saxisum conditions - the peramissible for this engine time (usually

not more than 5 sin). In this case must be carried out continuous
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visual observation of ice formation on the elements/cells of inlet
duct with its periodic photoygraphy and of the parameters of engine,
vhich characterize began icing (reduction/descent in the thrust,
increase in the temperature of the gas before the turbine,

incidence/drop in the efficiency/cost-effectiveness and others).

Page 2913.

In the presence of dangerous icing the system of atoaization is

turned off/disconnected and enyine immediately stops.

It is necessary to focus attention on some special
features/peculiarities of the tests of POS of powver plants in

comparison with testing of other parts which consist of the
followving.

1. In connection with presence of rotating parts of testing they
sust be carried out so that would be provided permanent visual
control/check after ices formation or knovingly ice formation wvas
insignificant according to sizes/dimensions, i.e., tests vere limited

on time, -hich sore narrowly was discussed earlier.

2., As a result of difficult survey/coverage after engine

components, that undergo icing, it is necessary to usually utilize
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special remote devices, which check beginnings and process of icing
on elements/cells of inlet duct of engine, about which it was

mentioned in preceding/previous chapter.

3. Due to decrease in teamperature of air in intake diffuser of
engine which can comprise in takeoff conditions of order of 20°C, is
possible icing of elemeants/cells of inlet duct, also, at positive
temperature to +5-+10°C; therefore checking effectiveness of POS of

engine must be carried out to temperatures of +10°C.

4. Por prevention of icing ot sensors and instruments, adjusted
in inlet duct, they must be shielded from icing or, if it is
possible, to be established/installed in such a way, that would not
occur settling ice. Purthermore, in viev of the increased vibrations
from engine such instruameats must possess the necessary vibration

stability and vibration stability.

The special features/peculiarities of the tests of P0OS of
engines indicated must be considered during preparation/training and
cospilation of test procedure, and also with designing of stamnds.

Page 294.

Chapter IXII.

|
|




DOC = 79116314 PAGE Xé ‘/?

TESTINGS WITH THE INMITATION OF ICINGS,

FOOTHOTE !, Written by R. Kh. Tenishev and B. A. Stroganov.

ENDFOOTNOTE.

2 v e e
I N LU *% Y LT

12.1. Purpose and system of tests.

T e e e
cecnhbilte,  vades g LU

Research of the effect of icing on aerodynamic characteristics
it is desirable to conduct into two stages: in the beginning of

experisent on model in wina tunnel, then - on full-scale aircraft (or

helicopter) in flight.

Are especially importaat ianvestigations in tube for new aircraft g
types which yet there is not experiment of flights under conditions ﬁ

of icing. Such investigations aake it possible to isolate sost

dangerous flight conditions and thereby to raise the safety of

further flight experiments aand to organize them are more rational.

Hovever, to this is not limited the value of preliminary
testings of model in wind tunnes with the imitators of icing. Their 1

results are of large interest during the design of de-icing systeas.

4
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Rating/estimating icing from the point of view of flight safety, it
is necessary to consider the ract that different aircraft types and
helicopters to different degree react to icing; therefore they can be

shielded to different degree, which more narrovly was discussed in II

and III chapters.

Moreover, analysis of aerodynamic tests with the imitators of
ice in tubes and in flight it can show that in the individual
sections of wing or tail assempbly the de-icing system can generally
prove to be unnecessary. Especially this is developed on contemporary
high-speed aircraft, wvhose icing is possible only under conditions of
landing approach or cliab, i.e., on time it is very brief (umder
cruising conditions of the fligyht of such aircraft icing usually is
not observed). As an exasple it is possible to give aircraft "Boeing
727", in vhich completely is absent the de-icing systea of tail

asseably, since, in the opinion, designers, in it there is no special

need [101).

As a result of investigations in tubes are obtained prisary
aerodynasic characteristics: ¢, = f(a); m, = [(a. 8 48s); Mu .« = fla. 8. \)
etc., which make it possible to rate/estimate the effect of ice
formation on 1lifting surfaces to stability and aircraft handling
during different flight conditions. Special attention is given by

flight conditions vith the relieased high-lift device of wing, since

!
‘f%

e e e e
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in this case tail assembly usually vorks at the angles of attack,
close to critical ones, and even small ice foramation on stabilizer
can sharply change the loagitudinal-behavior characteristics and

controllability (see Chapter iI).

During flight tests with the imitators of icing is more
precisely formulated the effect of icing on aerodynaaic
characteristics of aircraft (nelicopter). Since direct ice hazard
consists in a deterioration in the stability, and controllability on
some flight conditions with the specific sizes/dimsensions and foras
of ice, then first of all it is necessary to rate/estimate these
deviations and to deteraine the modes/conditions, in which they are
greatest. Taking into account that the great effect of icing
frequently is developed under conditions of pre-landing glide,
especially vith maxisally bow heaviness, in test program coapulsorily
nust be reflected the modes/conditions, which correspond to

pre-landing glide and drift to the second circle.

Page 295.

In this case should be rated/estimated the effect of icing with
different vertical g-forces which can occur with landing approach due

to the pilot s srror, vind gusts and so forth, etc.
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If deviations in stability and controllability do not leave the
permissible lisits, then it is necessary to test the effect of icing
on the tactical flight and operating characteristics of aircraft. As
has already been spoken in chapter II, icing, making aerodynamics
worse of lifting surfaces, can lead to changes in such flight
characteristics (rate of cliab, cruising and maximus speed, ceiling,
nodes of operation of engine and consumption of fuel), which, without
having directly effect on flight safety, nevertheless affect the
efficiency/cost-effectiveness, tne selection time of base altitude,

duration of flight and other stages of flight mission.

Determining characteristics indicated above is done by methods

generally accepted in flight tests [8].

12.2. Forms of imitators.

The form of isitator and its sizes/dimensions aust correspond to
the heaviest icing which can be encountered during the operation of
aircraft (helicopter). As noted above, the forms of ices forsation
are exclusively diverse and depend both on the ambient conditions of
icing and on the flight speed, at which occurs the icing.
Purthermore, with the insufficient effectiveness of de-icing systea
are possible local ice forsations, to rate/estimate vhich is possible

only after tests under conditionms of icing.

o d
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However, for the comparisom of the results of tests with
imitators (tube and flight) it is necessary to select
general/cosmon/total (standard) forms and sizes/dimensions of the
imitators which would be sufficiently close to real ices formation on
lifting surfaces (or they provided analogous aerodynamic effect),
vere simple in manufacture and convenient in the operation (i.e. they

d4id not require special ejuippimng tor their manufacture and

installation on aircraft).

It is possible to propose the following types of imitators:

1) imitators in the failure or absence of the de-icing systes,
vhich correspond to the foras of ice, indicated in Pig. 2.1, i.e.,
the imitators of tapered and horn-shaped ice. Imitators for this case
it is expedient to make with triamgular ones in the cross section

(vhich is convenient in production). Location of imitators and their

significant dimensions are given in Fig. 12.1a and b.

Page 296.

2) the imitators, which correspond to barrier ice, vhich is

obtained, if zone heating has insufficient size/dimension, and also
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the ice formation, which are formed periodically on the boundary of
“thermal knife" with the work of cyclic deicer (with the large
duration of cycle and intease icing these built-up edges they can
reach considerable thickness). Imitators for this case can be made

vith trapezoidal ones in cross section (cm of Fig. 12.1c and 4d).

Tasts aust be carried out into several stages: at first with the
imitators of form a of the small heightr/altitude h, then (into 2-3
receptions) their heights/altitude increases and finally after the
analysis of the results of the tirst stage ~ with the isitators of
form b (also beginning from samallier sizes/dimensions). Need and
systen of investigations with second type imitators (c and d) is
established/installed in accordamce vith the design features of the
system of the heating of the experience/tested part of the flight

vehicle.

It is logical that the forms, sizes/dimensions and location of
isjtators must be more precisely formulated for specific aircraft (or
the screws/propellers of helicopters) on the basis of the exasmination
of the comnstruction/design of their POS, fors and sizes/dimensions of
the parts being investigated, results of tests under conditions of
artificial and natural iciag, etc. In proportion to the storage of
such data the systes of tests and their space can be changed (it is

reduced or increased touard investigation of the forms of imitators,

characteristic for the icing of the experience/tested aircraft).

T o s e g i -
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Pig. 12.1. Porms and significant dimensions of the imitators of ice
on the lifting surfaces: a) are wedge-shaped; b) horn-shaped; c)
barrier ice; 4) barriers fros "thermal knifen.

Key: (1) . Boundary of heating. (2) . Thermal of knife".

Page 297,

12.3. Methods of manufacture and examples of the use/application of

injitators.

The imitators of icing can be made froa the most varied
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materials: rubber, Textolite, foas plastic, tree/wood, elastic cords
and so forth, etc. Especially part is utilized foam plastic due to
the ease/lightness of its working/treatment. Imitators usually adhere
on surface. But in separate cases, when cannot be guaranteed safe
landing with imitators, should be with changed other methods of
fastening, wvhich ensure their jettisoning in flight. Por guaranteeing
of larger strength and facilitation of technology of gluing the
imitators, arranged/located on both sides from the leading edge (see
Pig. 12.1, b, c and 4d), cam be comnect/joined together by connectors

or cover plates.

As examples of tests with imitators according to the evaluation
of the effect of the conditions of icing on aerodynanmic
characteristics it is possible to give the tests of aircraft "Boeing

707" {123] and the screwspropeller of aircraft "Barracuda® ([ 109].

The tests of aircraft "Boeing 707" were conducted with target
the deteraination of the behavior of aircraft in the case of the
failure of the deicers of the tail asseably. Representation about the
sizes/dimsensions of imitators aamd their form gives Pig. 12.2. The
foras of imitators wvere selected on the basis of the analysis of
different types of the ices forsation, froam which were selected the
post dangerous, which corresponded to the severe conditioans, which

vere being encountered in practice. Imitators were made fros
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fiberglass and established/installed on fuller's earth and left half
the stabilizer (it was imitated failure of '/ deicers of the tail

asseably).

Tests vere carried out uander conditions of takeoff and landing
also in entire range of service speed (from !V  to V) Their
results showed that the maneuverability of aircraft virtually does
not change, i.e., failure of the de~icing system of the tail asseably
of this aircraft cannot lead to dangerous consequences from the point
of view of stability and aircraft handling. During tests vas
established/installed certain decrease in the velocity of flight in
comparison with noniced aircraft, which is connected with an increase

in the drag.

The tests of the screw/propeller of aircraft "Barracuda®
(diameters of 3.5 m were carried out with purpose of the
determination of losses in thrust during Jcing. Sizes/dimensions and
form of ice for three sections by radius are shown in Pig. 12.3. To
relative radius R=0.7 the sizes/disensions of imitator (extent on the
small arc of profilesairfoil, thickamess at critical point) remained
constants. The propagation of ice on R30.7 reached to 270/0 of chord.
Proa radius BR=0.7 and further the sizes/dimensions of ice wvere

decreased proportional to blade thickness.
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In order to more accurately transmit the character of *"rough™ ice, on
the surface of imitator along diagonal were plotted/applied the
grooves in deep approximately 3 am vwith space 12 am. This fora and

sizes/dimensions of ice correspond to very heavy icing.

As a result of tests was obtained a change propeller efficiency,
thrust coefficients and moment/torgque of the iced over
screv/propeller in comparison with noniced one. The change propeller
efficiency, obtained as a resuit of these tests, is represented in
?19. 2,9 (see Chapter Il). According to data these tests it is
possible to ascertain that the icing of screw/propeller will lead to
an incidence/drop in th¢ speed (in the range of flight speeds froa
270 to 5S40 ka/h) by 12-22 ka/h. This shows that such investigations
are importaant during the solution of a question about need and degree
of the protection of engine-propeller combination.

Sometimes the evaluation of stability and controllability is
produced by the obtained in a artificial manner icing of lifting
surfaces, So, during the investigation of ihb effect of icing on the
flight characteristics of the helicopter of Hi-4 helicopter first
uadervent icing with hovering on stand, and then vas fulfilled flight

vith increased to definite limits ice. During such tests the foram and

R
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the sizes/dimensions of ices formation, which correspond to this type
of the helicopter (for aircraft this method is bardly applicable),
are obtained by themselves. As far as helicopter is concerned of
mi-4, then, as it was said im Section 2.5, control of helicopter
became slack and somevhat deteriorated the maneuverability of

apparatus.
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Fig. 12.2. Imitators of ice on aircraft "Boeing 707" during checking

of stability and contrcilabality with failure of POS.

Pig. 12.3. Imitator of 1 types ice on blade of propeller of aircraft

"Barracuda®,
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Table 1. Pundamental parameters of the saturated water vapor. |
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Continuation table 1, :
L
e - i
0 7 6100 600 4579 0 457 1 250 | 4,850 | 4,850 ,
! — 56,0 — 1 49% 230 — 1 5000 '
: : A 300 20 5,550 b
3 -- TR -, 508 i 230 -1 5960 L
i 8130 - i osdob 249 0 — | 6360 k
5 - 3730 0 - 6543 1 249 ' — . 6,820 i
6 — o3k o~ 701 | 2,49 - 7,260 [
AR (7} AR ~ b TE00 0 2,48 | B 1) |
8 0 - W20 | o~ | 8001 248 | - | 8; E
9 - 11460 -l 8600 | 21 | — | 8810 '
w .~ 12280 - ’ 9,209 ‘ 2.8 - i 9,430
Lo 3100 [ o080 | o2ag | — (10,000 ’
12 oo 110500 L 24 s~ 10,680
3 teat — bnee oo — 1310 |
4 - 15970 1 — 111980 | 247 — 112,080 '
5 1 am00 - 112800 | 247 — 12880 ’
6 ' - 18700 : ~ T I o246 — 114050
T | 14500 ; 246 | - 11500
13 — 20400 . 15,200 | 2.6 - 13200
19 . - 2950 | — | 16480 | 246 — | 16300
0 - Www |~ | 17540 | 245 — 117330 :
2 - WO L oo 19700 | 245 L — 119500 |
240 1 220 |~ | 22370 | 244 — 21,800 :
2% 3300 93200 | 244 124300 :
B - W0 — 28100 © 243 1 — 127250 :
S P2 1000 B Ry ) 2043 - 30,100 ‘
3B - 5615.0 42,000 242 1 — 139,600
0 - T - DB 20— | 1100 |
0o R . TR0 T 209 - 63,500 ;
50 Coamser - 02800 | 238 | - | 83,000 |
550 - iTA0Y, - 183 : i |
B~ 19.0-100 — NECRI | ‘
65 - - 2[00-100  — 1876 | i
o - Bnoae o laga { ‘
b T 0 P8 () R i 290 | '
X - A0 — 3550 | !

Key: (1) . Temperature. (2). Partial pressure e. (3). Heat of
vaporization L and M J/kg. (4). Absolute humidity X in g/a3. (S5).

/a2, (6). mm Hg. (7). it is must by ice. (8). above vater.
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Table 2. Pundamental physical camaracteristics of the materials, o
T
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utilized for thermocouples. L4
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Continuation table 2.

Quoso ¢ 37) L043 L = ] o= b 74 | 0.0564 55 i 0,143 4.4-10-3
l].narm!u «IKc- 0 G660 § 1300 | 1600 i‘ 1779 21,32 0,032 59 ! 0,048 — 3,94-10-%
Tpa» (3 f) .l 1 0,106 58.10-:
Maatunoponii (294 10,64+ — | 1300 | toWo : — -- — - l 0.19%v 1,67-10°3
ﬂJlaﬂmoupu;mﬁ(Jq) -+ 1,3 i — 1000 | 1200 i — - - . 1 — --
Mansaqui (3/) —0,57 , — 1553 - — - | - -
Cannen ¢ ))/} 40,44 o - - - 327 1,3 | 0.0316 30 , 0,227 4111073
Cepedpo ( ?3) }0.72 )‘ 600 1 700 | w605 10,5 0,057 360 | 0,0147 4,1-10°3
xmmeCZW @g+2£ﬂu -~ | 1000 | 1250 1450 8,7 — - I 0,7 0,5-10-3
+3,13
uux  (33) +0,7 I - -] - 19,5 6,86 | 0,096 95 0062 | 39-10°2

Key: (V). Designation of metal or alloy. (2). Thermoelectroaotive
force in vapor with platinum av. (3). Temperature of use/application
in °C. (4). Melting point of °C. (5). Specific gravity/wveight g/ca?,
(6) - Heat capacity kcal/kg of °C. (7). Theramal conductivity kcal/meh
of °C, (8). Specific resistance of Qemm2/m, (9). Temperature
coefficient of electrical resistance (0-100°C). (10). for resistance
theramometers. (11). for thermocouples. (12). prolonged. (13).
short-ters. (14). Aluminua. (15). Alumel. (16). Iron chemically pure.
(17 . 6o0ld. (18). Iridius. (19). Constantan. (20). Copel. (21).
Cadaius. (22) . Copper chemically pure. (23). Copper conductor. (24).
Banganin. (25). Nichrome. (26). Mickel. (27). Olovo. (28). Platinums
of “extra omes". (29). Platinum-rhodium. (30). Platinum-iridium.

(31). Palladium. (32). Lead. (33). Silver. (38). Chroamel. (35). zimc.

(36) .20&. (37). to.
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Table 3. Dependence of coefficient "’f:" on Reynolds number.
[ s { ¢ ! cpRe
Re | D.Re.'." I Re “oRey " Re ! “1— & Re LR
] P2} I -4 : ! ' | :
| ! ;
0 . 1,000 8.0 1,678 200 6,52 ' Huw 6.8
005 | 1,009 100 | 1.782 B0 [ A Naw 508
0.1 1,018 120 | 1901 ¢ 300 | &% | 10000 loeod
U2 1,037 140 ¢ 2,008 330 G0, 12000 RIERY)
0.4 1,073 160 | 2100 ' 400 .)8.2] oo o3
0.6 1,108 180 | 2198 ' 500 | tLias ! pson T 3w
0.8 142 | 200 | 2201 1 600 | 12971 18000 . 32500
1.0 1,176 250 | 2489 | 800 ; 1581 1 20000 | 365.0
1.2 1,201 30,0 | 2673 | 1000 ; 1862 | 25000 ! 4700
1.4 1.225 350 | 2851 & 1200 . 203 | 30000 © 5740
1,6 1,248 10,0 ¢ 3,013 | 1400 ; 240 ' IBOW 6740
1.8 1,267 500 | 3.327 1600 | 260 © 40000 | T80
2,0 1,285 600 | 3.60 ' 1800 | 2.8 i 50000 | 9800
2.5 1,332 80,0 | 411 4 2000 | 327 | 00w ¢ 11750
3.0 1374 1 1000 | 159 1 2500 T o401 U soo0 o 1R500
35 1412 | 1200 ! 501 !l 3000 | 47.8 | LO-10% w050
4.0 1,447 | 1400 | 540 | 3500 I 5.6 ' 1.2-10% . 22340
5,0 1513 | 1600 | 576 4 4000 | 63,7 | L4105 25490
6,0 1,572 | 180,0 | 6,16 J 5000 | 800 | 16105 8510
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“Fable 4. The design conditions of icing, accepted in England for an

aircraft (prolonged maxiasum)

. —_— - ._ri_.. e
Temneparypa (’) ! Bo(.goc‘:rb l Auauer{?‘_xan&u : BHS:)M
SN PO S
| .
.8 0-= 6000
—48 l gﬁ \ 900+ 8400
— i 0.3 | 20 900 -+ 9000
—30 | 0.2 | | 9009000

Wote. The conditions of iciny at temperature of 09C can be

related to the altitude range of 900-6000a,

Key: (1). Temperature. (2). Water content g/m3. (3). Diameter of

drops u. (4). Height,/altitude.
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Table ¥. The design conditioas of icing, accepted in England for

pover plant (short-ters saxiasum).

a !7 i
Tuneparypa( v BO,‘U}OC{': HAuamerp :anem: | Brcota

°C 2/m3 - ‘ -

0 2.5 f 3000+ 6000
—10 2,2 6000 8400
—20 1.7 2 4500+ 5000
—~30 1,0 : 4500+ 10 700
—40 0,2 4500+ 12 200

Note. Conditions table S5 are real:

a) at heights/altitudes from 3000 to 9000 m - in sections 5 ka,
vith the gaps/intervals between them on 5 km in which should be

accepted the conditions on table 4:

b) at heightss/altitudes froa 9000 to 12000
in sections 5 km, vith the gaps/intervals betwveen them on 32 ka

without icing,

Key: (1). Temperature. (2). Water content g/m3. (3). Diameter of

drops u. (4). Height a.
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Pig. 1. Interception coefficient of drops of 150/0 symmetrical

zhukovskiy profile: a) a=0, c,so; b) «=29, cy=0.22; c) a=49, cy=0.44.
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Key: (1!). upper surface.

(2)«

lover surface.
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Notes. 1. Prolonged conditions are related to altitude range
from 0 to 6700 m. The maximum taickness of a cloud layer is equal to 4

2000 m. Conditions on wvater content are prescribed/assigned for

standard horizontal distance - 28 kn.

et ey

2. Short-term conditions are related to altitude range froam 1200

to 6700 a. Conditions on water content are prescribed/assigned for

standard horizontal distance - 4000 =. ‘1

].
f
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(2).

Pig. 8. Nomograa for determining the actual tesmperature
surrounding air with speeds of flight os5< M« 15N == 0978
(Elight speed) ; II - temperature scale, shown by the

III - scale of actual temperature.

Response/ansver.
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Key: (7). An example. it is givean. (2). On graph/count. (3).
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