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Summary

After flights with the VFW 614 under severe icing conditions,

damage to the engines was found.

In wind tunnel tests, a determination of the origin of this
ice was made--it is supposed that the damage was caused by this
ice. On the modified flight test model of the VFW 614 on a 1:15
scale, measurements were conducted in the VFW-Fokker wind tunnel
from 11/28 to 12/9/75 with exposed particles which represented the

free ice.

The results of this testing are presented in this report. The

report consists of 4 parts:

Part 1: Calculations of path, as a preliminary consideration for
critical ice generation (W. Burgsmiiller)

Part 2: Similarity laws, as preparation for wind tunnel tests with
ice release (H. Franz)

Part 3: Measurement Report, Description of the set-up, Implementa-
tion and results (P. May)
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REPORT Ef 586, Part 1

Subject: Approximation Calculation of the Path of an Ice Chunk
Broken Off the Nose of the VFW 614

Summary: By means of an approximation calculation it shall be checked
whether the ice chunks sent into the engine of the VFW 614 in flight
originated at the nose of the aircraft.

The computation results show that for a positive angle of in-
cidence of 3 - 4° in the upper nose region, separating ice follows
paths leading either directly into the engine or to its direct
vicinity. It is therefore possible that the source of the engine
damage is due to icing of the fuselage nose.
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1. Introduction

In a preliminary investigation it was to be determined whether
it would be possible for ice chunks breaking off the fuselage nose
of the VFW 614 to get into the engine.

The calculation was initially performed for & = ¢ ®and four
different-size ice cubes. In order to do this, the pressure dis-
tribution on the fuselage-side was determined from a wind tunnel
measurement. The assumptions on which the calculation are based
are:

-incompressible and
-fuselage-parallel streaming in all considered sections.

The same assumptions were made in two additional computations
which were designed to explain the influence of the angle between
fuselage axis and ice chunk, and the angle of incidence.

2. Flight Data
The following flight data serves as input values for the path

calculation:
~altitude: 1000-2000 m
-velocity: 200 kn CAS

-angle of incidence: 3-4°
-temperature: 0 °c

From this data results an average stagnation pressure of
9y = 6ﬂ)kp/|n2 (index H = full-scale design).

®
3. Path Assumptions

Regarding the path of the ice chunk, the following simplifying
assumptions are made:
-the ice chunk breaks off from the middle of the nose
-the path from the nose to the engine is broken into three segments

(81 - S3)(see fig. 1):

S1 = radius of the nose

= cone

wn
N
i

= parallel piece

W
I



-up to the end of the 2nd segment, the path of the ice chunk in the
X-y plane, is parallel to the fuselage wall; there it releases
parallel to the cone section at a 25° angle to the fuselage long-
itudinal axis.

4. Assumptions about the Ice Chunks

-The calculation is performed for 4 cases with ice cubes of 1, 2, 3
and 4 cm edge length

-At a density of 1 g/cm3, the masses are 1, &, 27 and 64 g.

-The reference surfaces used to determine resistance are 1, 4, 9
and 16 cmz——regardless of the particular streaming direction.

-The coefficient of resistance is in all cases Cw= 0.7.

5. Simplified Assumptions Regarding the Local Air Velocities
~-First, the cp-values of a wind tunnel measurement were converted
into stagnetion pressures under flight conditions (see diagram 1)
-In order to simplify the calculations, the average stagnation
pressures were determined from this for the individual computation
segments, and from this again, the average air velocities were
determined.

We have:
2 _ .
9, = 400 kp/ m v..oo= 85,28 m/s
S 1
1
q = 750 kp/m2 v. = 11,8 m/s
m m
S 2
2
2 -
qms = 800 kp/ m vm3] = 120,6 m/s
31
= 2 = = = .
q’"s = qms = 650 kp/ m vm32 vm33 v 108,7 m/s
32 33

~-As a simplification, it was assumed that the streaming has no
z-component and is directed parallel to the local fuselase wall

(nose or cone) in segments Sy , 4 S,, but is parallel to the fuse-

lage in segment S3
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-The air density was set in accord with the flight altitude as
$=1,079 kg / m°
-The angle of incidence is = ¢ ©,

6. Used Equations
6.1 Designations

2
F [m ] Reference surface of the particular ice chunk

m [kg] Mass of the particular ice chunk

S] 2.3 [m ] Length of the fuselage contour line in the particular
&1 computation section (measured in the »-y plane)

s [m] Path covered in time t in the streaming direction
by the ice chunk (aircraft-specific)

s [m ] Components of path covered by the ice chunk in time
XY Z t in the x, y, z-system

t [secl Time at the beginning of the particular computation
o . section

Ven D“/s] Average streaming velocity of the air in the parti-
1,2,3 cular computation section relative to the aircraft

(Direction always parallel to the fuselage contour
and in the x, y-plane

w [m,/ﬂ Velocity of the ice chunk in the streaming direction
at time t (aircraft-specific)

Y [nVﬂ Components of velocity of the ize chunk at time t
Xy z in the x, y, z-system

g [kg/lnﬁ Density of the air



Indices
® Conditions in the direction of air flow
o State at th+= hegiraing of the particular calculation segment

6.2 Genwral Information

The total instantaneous force acting on the ice chunk is com-
posed of one component parallel to the local air flow and one com-
ponent perpendicular to it. in the case considered here, the per-
pendicular comjurent car again be broken down into one acting in
the horizontal piare of the ai:craft (x, y-plane) and one directed
perpendicularly c¢:wrward (x, z-plane). In the case under examination
here, it can be a<sumed that the path angle of the aircraft is =0 °
i.e. the z-direct? .. 0of the aircraft-specific reference system coin-
cides wit' :he direction of the acceleration of gravity.

ihe force components have the following effect on the ice chunk:
-In the streaming direction, it is accelerated due to its own
resistance and to the difference of streaming and inherent velocity
-An inherent speed present in the x, y-plane perpendicular to the
initial direction of air flow is retarded due to the resistance of
air.
-In the vertical direction, gravity and air resistance act to accel-
erate or retard, respectively.

6.3 Calculation of Components in the Streaming Direction
The change in velocity of the ice chunk in the streaming direc-
tion results from the equation:

d C\'NF'g 2
i ()

If we assume that at time t = 0 the speed of the ice chunk is w = w_,
then {rom (1) after a single integration, we have:

Fs (2)
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This generates a relation between the time and instantaneous
velocity of the ice chunk in the flow direction. But since we know
the initial conditions v and W, and the path s covered in the flow
direction in the particular section, but not the time needed for
this, equation (2) must be integrated again.

Proceeding from w =-%$' and the boundary condition
t=0:s=0 it follows then:

CF§$
_ 2m 1w a
=Vt RS ['" (Vg -t "J"'-“\}f] 3)
w m o m o
From this equation, the time needed for the path s is determined by
iteration. Since the streaming is always parallel to the fuselage
in the x, y-plane, s = S always, or in the computation section S3,
we have s, = s, = S5, .
3 34 34

With the result from (3), the velocity of the ice chunk in the

streaming direction can be determined from (2) at the end of the

particular computation segment.

6.4 Calculation of Components Perpendicular to the Streaming Direction
6.4.1 Diagonal Components in the x-, y-plane

Since the path of the ice chunk in sections S; and S2 is always
parallel to the fuselage or streaming according to our assumptions,
then the following calculations must be applied in section S3. The
air streaming in section S3 is fuselage-parallel and thus parallel
to the x-axis of the aircraft. The velocity w, of the ice chunk
at the end of §, or the beginning of S3, which was flow-parallel
in SZ’ must be broken down into an x- and y-component in section S31
relative to the streaming direction there. Thus, the ice chunk at
the beginning of the section Sq1 has a velocity component W, dia-

y

gonal to the incident flow Ve o This initial velocity Wy, 1is
31

then reduced in this section due to the air resistance during the

flight.
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The desired velocity wy(t) results through intagration as:

e (4)

with the boundary condition

t=0:w =w
b4

Yo

= ! (5)

2m

LI f
W

Yo

The time t is taken from equation (3), i.e. the speed in the y-direc-
tion is determined at the end of the computation segment.

To determine the flight path of the ice chunk relative to
the aircraft, it is necessary to compute the traversed distance
Sy within the computed time in the y-direction relative to the
aircraft.

This is obtained by another integration ~f equation (5) with
the boundary condition t=0:5s =3

Y YQ:
C FS8
_ 2m | w _ 1
sy = TFS [ln(w + o .t)-1n " (6)
w yo Yo

6.4.2 Diagonal Components in the x-, z-plane

In a computation of these components, the air resistance is
neglected since the influence along the path in the z-direction is
less than 1%. By means of the gravitation law and the time t deter-
mined from equation (3), the z-components of the ice chunk become:

w. = w +g.t (7)
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and from this, for t=0: s_=3_:

s = 8 +%t (8)

7. Calculation
-Specify the parameters of the ice chunk: m, F, Cw
~Determine the air density §

2m
~-Compute the constant ol
wF 5

-Average the average stagnation pressure of the streaming over the
path length S from diagram 1 and determination of v, from this.

~-Insert initial velocity of the ice chunk v,

-Determine the time t belonging to the transit length s by iteration
from equation (3)

-By inserting t into equation (2), compute the velocity of the ice
chunk in the streaming direction reached at the end of transit
length s

-In segment S3, determine the velocity w
equations (5) and (6)

y and the path sy from

~-Compute the vertical components 5, and w, from equation (7) and (8).

8. Rasults

The results of the path calculations for o= ¢ ®are found in
figs. 2 to 5. In order to determine the influence of the angle of
departure at the end of the segment SZ’ in an additional calculation
it was assumed that the ice chunk loosens not at a 25° angle, but
at a 23° angle from the fuselage, i.e. the follows the fuselage
curvature somewhat farther. The result of the calculation is shown
in fig. 6.

For the sake of simplicity, all px«ch calculations were conducted
for L =0°, Since the flight on which the calculations are based
took place at an angle of incidence of « = 3 - 4°, in one case,

the path curve for o= 4° was determined and presented in fig. 7.



The influence of the wind on the streaming field was neglected
in the approximation calculation described here. From an estimation
we do find that this streaming field at = 0°in cases 1 and 2
(fig. 2, 3) and at = 4°1in all cases (fig. 2 - 5) would lift up
the path of the ice chunk in the direction of the engine inlet.

9. Conclusions
From the paths illustrated in figs. 2 to 7, we find:

-For the x-y-plane:

-The influence of the size of the ice chunk is low (larger
pleces move on paths shifted toward the fuselage

-The influence of the angle of departure from the fuselage at
the end of segment S, is very great (2° angle change causes 18 cm
y-diffcrence in the engine plane)

-The paths lead directly past the outer edge of the engine
or directly into the engine, depending on angle of departure.

-For the x-z-plane:

-The influence of the ice chunk size is very great (larger
pieces = lower paths)

-The quadrant angle of departure and the elevation of the place
from which the ice chunk splits off, likewise have a great influence.

-The path calculations show that it is quite possible that a chunk

of ice splitting off from the upper nose region at an angle of inci-
dence of 3 to &o, will be accelerated into the engine.

10
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REPORT Ef 586, Part 2

Subject: Similarity Laws as Preparation for Wind Tunnel Tests with
Ice Separation

Summary: Within the frame of the aerodynamic investigations on the
VFW 614--ice separation--tests were performed in the VFW Fokker
Eiffel wind tunnel on a scale model. In order to have valuable
results on the flight paths of separated ice particles on the large
scale version, the similarity mechanics for model tests had to be
derived and taken into account.

In part 2 of this report, the model laws and their application
to a specific flight state are presented.
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1. Introduction

When applying scale models to a problem, basicaily not all

similarity requirements can be fulfilled. One must then decide on
the essentials and formulate the applicable simulation laws. Il
particular in the description of free-flight processes in a wind
tunnel--like spiral diving, load dropping or ice brcak-off--the
dynemic sequence must be taken into account. Other--usually im-
portant--criteria, as described for instance, by the Mach or Rey-

nolds coefficient, may become unimportant.

Definitions

2 2

U f 1 lift = . . -
sefu C, §1 v

Coefficient of aerodynamic lift

Density of the free-flying body (here: Ice)

Density of the surrounding medium (here: Air)
Mass inertia =m*b= 9'|3-b
Linear acceleration (general)

Acceleration of gravity (as special case of b)

Mass of free-flying body (here: Ice) = o . |3
2

Gravity of the free-flying body (here: Ice) = Q- |3 ‘g

Characteristic length of aircraft and free-flying body

Relative speed, body--medium

Model scale - _F§
lm

= 2M__

Body-density ratio 5 OFs

S 1
Relative air density  ~ FS _ %)H__

With the indices:
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FS Aircraft (full scale)
o ISA, H =0
H ISA, 4 > 0 (flight altitude)

3. Simulation Laws
The forces acting on the ice particle are:
The aerodynamic force L
The mass inertia T, and

o] Gravity G.

Thus, the first similarity law must be:

oL S

T Tes
In addition, the limiting requirement must be taken into account
that the occurring longitudinal acceleratiomsb have to be derived
in the same ratio as the earth's acceleration. That is:

(1)

Cn GFS_ (2)
L Tes
Thus, the Froude law must be fulfilled
2 - 2
v.
m . E§.‘..- (3)
9 'm %s ° 'FS

At the flight altitudes under consideration( H ~ 2000 m Jwe may set:

Sn = s (4)
Thus, (3) is simplified to:

..,_..,_._:'-..- T e (30)

From eq. (1) results the following relation:
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Q. QL v o Bles Vs s
m s \
3 ® 3 (1a)
®n bn Crs “ bes " s

and from this, with C o~ C .
tm = s

= (1b)

For complete simulation of the required criteria, we must have:

i -6 =1 (5)

as a comparison of (1b) with (3a) shows.

In the applicaiton of the model, this means:

1. The rel. air density '§ is usually determined from the flight

altitude H and the density in the wind tunnel

2. The scale factor A is usually specified from the stock of
suitable models, thus:

3. The velocity ratio is already determined and

4. The density of the model particle: ( ?m)

is specified from: s ? = 2D
B £ T~

For body and path quantities, there results the following

m
scales for ''complete simulatior':

ORIGINAL PAGE 1S
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QUALITY

Quantity radio FS/m Scale
Length A
Velocity 47?
Time ,"7\"
Longitudinal acceleration l']
Body density $
Air density S
Stagnation pressure AP
Aerodynamic lift

Mass inertial forces ,\3.§

Gravitational forces

Sometimes, the scale requirement for the model body density

_ SFs
Cm ° 5 (6)

cannot be followed exactly. Reasons for this can be both in the
procurement of material, and in the photographic limits of path
recording.

In such compulsory deviations from requirement (6), only the
simulation law (1b)

is fulfilled; the simulation is "incomplete'. Nonetheless, the
achieved model results can be valid, acz for instance:

0,5 &€ ¢ & 2,0

is valid. As proof, we can use a velocity variation. The scale
table contains the "incomplete" simulation of the following picture:

24



ORIGINAL PAGE IS

OF POOR QUALITY
Quantity ratio FS/m Scale
Length A
Velocity /\l —%‘?
Time (-;-::-é—r
Longitudinal acceleration g':‘AO'
Body density é-:
Air density Q
. A
Stagnation pressure 5
Aerodynamic 1lift A
Mass inertial forces G
Gravitational forces
4. Applied Example
Ve o = 200 kn = 102,9 m/s
FS
o LFS
H = 18km > Q=— = 0,8382
m
IFS
T ° A =15
m

The best-possible model for the model ice would be:

= _?:-.c_g
Om §
Z
0,98 . 1 _ o1 Xes
551 oemz - O K
or g
= g = 1,1 2
‘(m §)m 9 cm3 .
~ 0,4 2
We have available: Wood: Ym cm3
Acrylic glass: 47 ~ 1,19 -%
cm
Teflon: g
/X" ~ 2,22 -7
om

25



The weight requirement is best met by acrylic glass, whereas--
as pretests showed--teflon is best for the path simulation.

In order to have a representative statement on the path profile

of a separated ice particle on the full-scale item, comparison tests
with different weight me*erials are to be performed on the model.

26
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REPORT Ef 586, Part 3

Subject: Wind Tunnel Investigations on Ice Separation from the VFW 614
Measurement Report of Measurements WX 75-13.

Summary: Tests on ice separation were conducted on the flight test-
ing model of the VFW 614 on a 1:15 scale in the VFW Fokker wind
turnel with the goal of determining the possible origin of ice
particles which can get into the engine inlet.

As possible ice separation locations, there were three primary
candidates:
1. Radome region
2. Cockpit region
3. Leading wing edge in the engine region

(Summary continued on next page)
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Summary (continued)

I. Measured Results

For the investigated flight condition v =~ 200kts; o« =0 ... 45
B=0% k"~ -6% H =~ 6000 ft » on the basis of the measured results
we can say:

1. Radome Region

In the uprer region of the radome ice pack, any separating
particles follow flight paths--at angles of incidence of 0 < ¢ < 4°
--which lead near the engines in the x, z-plane. In the x, y-plane
this path curve depends on the angle of sideslip 8. If ﬂ==0, the
flight paths run outside the engine plane, but for smaller sideslip
angles, they could endanger an engine, if

® -5° £8 < 0° for the Bb engine
@ 0°<pf « 5¢ for the Stb-engine

Since during the test flight, only sideslip angles of /3-‘\‘-.0°
were used, a damage to the engines by '"Radome ice separation'" is not
very likely for the studied state.

2. Cockpit Region

The flight paths of the ice pacticles breaking off from the
cockpit region were higher than the engine inlets in the measure-
ments, so that possible engine damage is very unlikely.

3. Leading wing edge in the engine region

Ice particles breaking off the leading wing edge can endanger
the engines. The conducted measurements showed that ice separation
in the area of ca. 0.5% I (y) on the pressure side up to ca. 1% I(y)
on the suction side is particularly critical for the studied state.

II. Note

It must be expressly pointed out that all measured data and
statements of this report relate exclusively to the simulated ice
separation on the studied flight stand. The selected size of '"ice

28



particles and their separation positions were specified and thus
under some circumstances, can differ from reality.

29



Contents

Page
1. Introduction 30
2. Measurement Set-up 30
2.1 Description of the Model 30
2.2 1Ice Build-up on the Fuselage 31
2.3 1Ice Build-up on the Wing 33
2.4 Simulation of Ice Particles 36
2.5 Measurement Set-up in the Wind Tunnel 37
3. Implementation of Testing 39
3.1 General Information 39
3.2 Determination of Approach Paths at the Radome and Cockpit40
3.3 Determination of Approach Paths at the Wing 41
3.4 Measuring Program 41
4. Test Results 44
4.1 General Information 44
4.2 Ice Separation from the Fuselage 44
4.3 Ice Separation from the Wing 55
4.4 Determination of the Average Ice Particle Velocity 61

when Separated from the Fuselage

5. Summary 66
6 Conclusions 66
7. Annex 68

30



1. Introduction
After a '"deicing test flight" of the VFW 614, damage was found
on the fan blades of the two engines.

In connection with the investigations to explain the origin of
the damage, in the period from 11/28 to 12/9/75, measurements were
conducted in the VFW Fokker wind tunnel with the 1:15 flight-testing
model.

Since damage to the engines is supposed to be caused by loosened
ice particles, the goal of these measurements was to determine the
flight profiles of these particles.

The following regions were considered possible separation
positions:

1. Radome

Cockpit
3. Leading wing edge in the engine area.
2. Measurement Set-Up

2.1 Description of the Model

The measurements on trajectory description were conducted with
the available 614 Flight testing model (MP 69-14, scale 1:15). The
model (without HLW) installed in the measurement lane was modified
to simulate loosening ice particles as follows:

a) Fuselage nose

Installation of openings in the radome and cockpit area for
the insertion of a device for ejecting the simulated "ice".
b) Wing

Insertion of two magnetic rails with an electromagnet in the
leading wind edge.
c) Whole Model

Model painted black to reduce light reflection.
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e e
- -

o Lissticke’ ——- -G /

6
. Stermpel s

Key: 1-A3 wire; 2-tie rod 3-guide pulley 4-A3-bearing 5-"ice
particles'" 6-stamp

Llextromagnel l

Key: 1-magnetic rails 2-"ice particles" 3-electromagnet

2.2 1Ice Build-up on the Fuselage
As potential ice separation positions in the forward fuselage
area, two regions came into consideration:
1. Radome
2. Cockpit

31



ORIGINAL PAGE IS
OF POOR QUALITY

2.2.1 Radome Region
Since no information is available on the ice build-up during
the test flight, the position and size must be specified on the basis

of earlier "ice build-ups".

The radome build-up of 50 to 60 mm diameter established for the
model measurements, was simulated by irregular plastic applications
of 0-3 mm to better simulate the actual nose air circulation.

0t 2
Zﬁghé
T3
Sy¥y N
Qe
-3 ' \
0-3 1|, Hoke des festen———~
JGsansaizes!

Key: 1-model scale 1:15; 2-region of solid ice build-up 3-height of
solid ice build-up

The separation of ice particles could be simulated at two
radome positions with the installed e jection device.

Position 1 /////r /tii)__ Radome peak
.(:;:::;__”.__n_. .WQ)

Position 2 Radome edge
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2.2.2 Cockpit Region

According to statements by VFW 614 pilots, during the "ice
flights', larger ice blocks formed on the cockpit windshield wipers,
which sometimes also broke off. In the model test, this was simulated
by the ejection device installed at position 4.

40

Position 4 Windshield wiper

area

2.3 Ice Build-up on the Wing

In normal flight operations, the formation of ice on the leading
wing edge should be prevented by the deicing system installed in the
VFW 614. To implement the test program, this system was not switched
on immediately in the ''damaged flight' in spite of the prevailing
icing conditions.

According to the pilot, a rapidly increasing ice charge formed
on the leading wing edge, which began to disintegrate after switching
on the deicing system, with the frequent separation of ice particles.

But more precise statements about the size, location and nature
of these ice particles could not be given, so that a larger number of
possible separation positions had to be investigated for the model

tests.

The sketch below shows the 4 selected separation positions.
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Lispositionen_am Flugel

Ice Positions on the Wing

1., .
5’6,005///<‘1; 3
= - L2
0/. gi'{’ ,S'MJ-:ﬁk
. Eisstack *3 4

Druckscike Sehaitt

05% &¢
b o £ey)

3b ___ . /\7£7- 3004‘
S
a Key: l-ice position 2-intake side

| 3-ice piece 4-leading wing
edge in engine cross-section
- 1.0 % &J) 5-compression side
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2.4 Simulation of Ice Particles

2.4.1 Radome and Cockpit
At the radome (positions 1 and 2) and cockpit (position 4), the

breaking '"ice particles'" are represented by small blocks and are
pressed out from the described positions from the fuselage nose by
means of the sketched device.

"
e . 2
M lltentrcte. < Seil . Lelitigung.
\ (5. Steinpels
i‘ A I XY 1 B L e O 1D
r ‘_m:_l_\“}.,\}_}_l
g ek i) S NI
T IS RSXINNAAN N

3
AN e 4

e Eecy rho’
\[u&f}‘SSf. LHo S]nn’)f‘[

Key: 1-guide pulley 2-rope for operation of the stamrn 3-chamber for
"ice particles' 4-stamp

The different-sized blocks had the following dimensions

c 2 2a £ 3mm

2 £ b € 3mm

b 2 £ ¢ £ 5mm
d

As discussed in part 2 of this report: "Similarity laws as a
Preparation of Wind Tunnel Tests with Ice Separation’”, for the model
tests, a material of F=al,l gr/cmsShould have been used.

For reasons of photographic flight-path recordiug however, the
main fraction of measurements was conducted with "ice particies” of
white teflon. Pretests had shown that only very bright particles
reflect sufficient light for a photographic recording of fiight paths,
The sole suitable material available was teflon with T 22 gr/cmﬂ.

In addition, some tests were performed with acrvlic glass

T%1,2gn. and wood =05 gi:/lt.;’n.} in order to get a more repre-
sentative {dea of the path prufile in the full-scale design.
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2.4.2 Leading Wing Edge

The simulated wing ice particles consisted of a thin, magnetic
piece of sheet metal which was held in place by an electromagnet
until its release from the leading wing edge.

By gluing on various materials to these sheet-metal strips, a
total of 14 types with differing density and volume were prepared.
Samples of these "ice particles' are found in the measurement documen-

tation in the wind tunnel.

Ice type Weight Volume Spec. Weight
P cm 3 P/ c‘m"
X1 g 0.15 120033 s 4,8

~

X2 ~ 0.30 = 0,066 48

X3 = 0,05 = 0033 = 13
Xy > 0,10 2 0,066 =75
AS = 0,05 x (d? a2 19
X6 ~ 010 20250 |- 2.0
X7 > 0,20 2 O,_Q{‘_?w:v f_ 1{:)"
X3 : 0,20 20043 s 70
X3 s 0,58 x 0.C73 = 6.2
K10 12 056 120089 |: 55

X117 : §,08 2 0,768 2 03
X12 : 310 = 0.2 2 0,3
X13 Y 045 2 Q0,012 = 7.3
LAY /RN 2 0,320 )

2.5 Measurement Set-up in the Wind Tunnel

Of the various possibilities for flight-path determination of
simulated ice particles, a photographic representation was a low-cost
method. During its flight, the "ice particle" was illuminated
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several times on its way from the break-off point to the engine plane
by a stroboscope, and all these '"flash photographs' were recorded by

a camera.

To reduce the disturbing light reflection from the model and
tunnel walls, they were blackened and the measurement-lane windows

were darkened.

The "ice ejection device'" at the fuselage nose and the electro-
magnet for the "wi:id ice attachment'" could be operated from outside

the measurement lane.
|

(Y werii] o)
\
( \ laae dér Hunecral
\YJ
\ bei futnahmen

ven ooén 2

Seil zur Be-
7t gung der
bisauswirf -
~ b 1Crichiting

3
MelRstreckanfonsior
serfilnbeld

4
-loga der Korvera
_ (3 ] sél Seifenauf-

AN | ssahmen

5
Austiyirfvorrichiteny
11 Nrse gnaghi
Dtfiiarg i 6
LisisstolR” o Muigof

\ 8

\ Modell und
Helistrectznanae

gecchimaizt

Strobos kop

N N\ ) ]

Measurement Set-up for '"Ice Separation' from the Radome and Cockpit

Key: 1-location of camera for photography from above 2-rope to operate
the ice ejection device 3-darkened measurement-lane window
4-location of camera for photography from the side 5-ejection
device installed into nose 6-opening for "ice ejection" from
fuselage 7-stroboscope 8-model and tunnel walls blackened.
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Measurement Set-up for '"Ice Separation'" from the Wing

Key: l1-measurement-lane window darkened 2-location of camera for
photography from the side 3-"ice particles" on the wing 4-mag-
netic rails with electromagnet 5-switch to loosen the "wing ice"
6-model and measurement-lane walls blackened 7-power source for
electromagnets

Implementation of Testing
3.1 General Information

Specified test parameters, pesides the supposed ice separation
positions of radome, cockpit and leading wing edge, for the flight

state when engine damage occurred, were:
Voo = 200 kts

Xy & 0... 4°
fu = 0°
M & -6
Altitude 6000 ft
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The model measurement was performed with the 1:15 VFW 614
flight testing model MP 69-14, without HLW; without modified
leading wing edge; with engine gondola; ’?K = .69,

The similarity conditions to be met as completely as possible
in each model test were determined in this case primarily by the
inertial forces ~ £-y2 and the gravity ~§ . g .| or by their ratio
of the Froude coefficient:

- Y_S__- A 'V- v?
$ .g.l| g.l

(see also part 1 of this report).

. s A 2
Besides the selected test speed of V & 26m/s( 2 9, ® 42kp/ m°)
to reinforce the applicability to the full-scale design, measurements
3 ~ A 2 = 2
Wlthvm~37m/s(=qszSkp/m)Oer 40m/5(3q°° 100 kp/ m™)
were conducted for several configurations.

For the same reason, besides teflon with 7= 2,2 p/ cm3 , two
other materials were selected for ice simulation at radome and cockpit:
Wood with = 0,5p/ cm3 and
Plexiglass 7= 1,2p/ cm3.

For the wing ice simulation, a total of 12 "ice particles'" of
differing size and density were used (section 2.4.2).

3.2 Determination of Approach Paths at the Radome and Cockpit

As already described in sec. 2.4.1, the best qualitative
flight path photographs were obtained when using teflon blocks to
simulate the "ice'".

For each test, the ejection device sketched on page 38 was
filled with 5 or 6 such blocks. After setting the test parameters
(g .0, B) the stamp was moved forward slowly by the rope leading
out of the measuring lane. Thus, the '"ice particles'" were pressed
in sequence to the model surface and carried off by :iae tunnel air
flow. During its flight from the fuselage nose down to the engine
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plane, each particle's position was determined by stroboscopic
photography. From the particle spacing between two photographs and
the flash-photography sequence, the average particle speeds can be
determined.

The path profile in the x, z-plane and x, y-plane was determined
by the two photography positions:

1. From the side

2. From above.

In the preliminary tests it turned out that at a stroboscope
flash frequency of f = 100 Hz, the majority of path positions could
be adequately determined. The entire mess.ring program was thus
performed at this flash frequency.

3.3 Determination of Approach Paths at the Wing

In contrast to the radome and cockpit ice separation, ''magnetic
ice particles" were held securely to the leading wing edge by an
electromagnet. After switching off this electromagnet, the "ice
particles'" were carried off by the wind tunnel flow and their paths
were photographed.

Due to the low light reflection of the "ice particles'", the
image quality achieved in the radome and cockpit tests could not be
duplicated. The relatively black electromagnet and the reduction
in magnetic force by the provisional installation of magnetic rails
caused the separation of "ice particles" to occur often before
triggering the camera. To prevent frequent repeat measurements,
an additional observation record was kept.

3.4 Measuring Program

For reasons of cost and time, the selectii:n of test parameters
was limited to the data reported in the test flight. The following
wind tunnel logs provide an overview of the measuring program.
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WIND TUNNEL LOG Project: WX 75-13, 614 Ice Separation
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4. Test Results
4.1 General Information

Although an analysis of measured results by Ef2 was not included
in the test authorization, the essential results will be described
briefly.

Through the limitation of test parameters to data of the test
flight, the measurements cannot give any extensive statement about
the danger to engines from breaking ice particles. On the basis
of the available results, it should be possible to estimate other
flight paths, e.g. ice separation from the leading wing edge with
extended flaps, likewise ice separation from other positions of the
radome.

An overview of existing flight-path photographs of radome,
cockpit and wind ice-separation is found on pages 46-54. For cost
reasons, only two sets of flight profiles were produced, and one
set was sent to Eo as the purchaser, whereas the second set remained
in the VFW Fokker wind tunnel.

4.2 Ice Separation from the Fuselage

The existing flight path photographs were sorted by test param-
eters using the film log and assigned to various flight path classes
(pages 46-50).

Next, the individual configurations were examined for their
probability of hits in the engine and classified accordingly (pages

51-54) .

Since the ice type Y3(plexiglass) with a spec. weight of
gzl,Zgyfm3 which comes closest to the spec. weight for the model
test of ’g‘—’tl,l gr/ cm3, in the evaluation of the flight path photos
of the different ice types, the following items must be taken into
account:

a) The photos with ice type Y1 correspond approximately to the state
of an approximately 4° larger angle of incidence.
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b) The photos with ice type Y2 correspond approximately to the
state of an approximately 2° smaller angle of incidence.

Thus, for the examined ice separation positions from the fuselage
there results the following probability of damage to the engine for
the individual configurations:

grobability of
L anger to ~
m x "]\ BL] Vw[/(ﬁ»": 2614 Sfi'fW
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> 10 6 l42.. t00] €2 <2
€4 | -5 |&.70F 1 1
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8. 10 3.4 1.2
>10 | -5 142... 70} ¢ 3 1
s4 | +S |w..106) 1 1
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210 |+ S5 4. g0a) <3
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In summary, it was found that for all three release positions,
similar flight paths resulted for differing angles of incidence:

Eistup|Listade 1 PEislose 8 |Bisiage 4
Y1 |e=10.12°2 =02 =
Uqg faef2.4528x=2..4"20s-2...0
yz % o =2
Y3 4 xx=2"*

Key: 1-ice type 2-ice position

Xz Q'
06:4“

L PR

The different test bodies had similar flight paths in the x, y-
plane. The influence of the differing densities showed up primarily
in the x, z-plane, where comparable flight paths occurred for diff-
erent angles of incidence.

2
gs[oge Listyp Y1 1‘[/5@,0 42 z;f'7s/’gp 43
2 lz6° £ |x=xQ° o« & 2°
¢ la-4.6"2 w20 Fla=2" |

TSRS
;

Key: 1-ice position 2-ice type

i.e. ice type YI{ 7= 2,29/ cms)at(x*— 6°had a similar flight path
profile as ice type YZ(Q‘ = 0,5 grém3) atoe¢ = 0 %or ice type Y3
( 'a’z 1,2 or/ cm3)at oK=2°.

4.3 Ice Separation from the Wing

The performed tests showed that on the wing intake side in the
range of 0% to about 1% L(y) breaking ice can lead to damage to the
engines.

Due to the underpressure prevailing at these places, the '"ice
particles' are lifted up and frequently fly:
a) just under the engine gondola
b) against or beside the gondola, or
c) into the engine gondola. A tabular evaluation of measurements is

presented in pages 56-59.

55




lou-.f e ' . AN - 1 Wf.l'.w . . R | t:‘.lu. _—— . My ..Al.

- . ,m
A
, 0r ;
- |
w E: | | _ ,
oo ~ |
“ =T w
i ) <
; = t \NIM’ v py - T i —
N &2 wo~ <] X |l 1€6-06] ¢ 0 SC | §tch| WX | eg
P BN o ” .
S It | |
o0 ¥4 X vl | Ze-0 77 SZ7n | Gy
fmmm.m.me.m M.Z 3 m VL7 % 4 Mf.f CLY
| Tgpengs X PR LD | e
m 8580 o 2 X v’ | 506 _ | 6X
_ m | @ O~ ] — ! _
A .,_.Ssm.mhw. X 9“4 [be-06 | 74 | 8224 8%
k p— o U4 LY e ~ ~, 1 - v/
. e3%8%3 . X 9l | gy | &P | FEZR | N ||
_. o, Im“m“emu WJ\/ mv.\...D...N) — ] \_nu.ln. — [ k|
- | IR EY: X WL jreiteb| ¢ | e | Lol
L T Se®uhss Ty Lou | gb-Co | CH 0 C 8227 £X |
% bt N - N 9 z . > !
7 9 — 1 30~ @ 000 —
3 -0 1 OE- _ _
(I — Unoo ST w =7 oL g YL . i
|3 o zAGET ST X o5l | 56| 2 | O | 50 [gica| BX | |
- o1l = CET il oy :
= MIN QOO _
2 X g/ |l -to | T o | 0 0Ll FEX
o v < Y : >
* M _ % * cU-2o ﬁ _ i LX)
v O — : .
~ & X | [4¢-% | | m
= X i [20-% _ | ILX j
o x . | S7-Uh ! LCH EN ]
£ X g A | Fird6| 67 | D 0 [#ech | ZX | o¢
mum 24770 «.&n‘k&ww\\u&\\ D\ GaPn [er/uod) e P Y o o Pa s e
g 1&@@ Aoty -:u%\m.\ /7 \m% W-rif) v il il R
2% YREZUATE ™ LR W R U R A AR R T v IV Y =T ¢ X KLl | D57 2007577
B L 0500 ]151577| WIS DIpogO Iaf7 Llqaomz | kg |E- ooy T I
IO OIO0IO0IO0JO0JOIOJOIOIOIOIOT0
. 32

¢ | €




<crt~.",il.. 4

614 Ice Separation From Wing

WX 75-13

VTOFINYTE NLUSTFCHENTNUE
WENKE-FOUNLItcuon DRLIAEH

' ﬂr.n\ 'rl» m Yt 2 ',x -‘.\.r.,mn.;# ' &
: - { .
T
- CEM| ‘ ,
Lo . X oY A7 D Lok EEN w
— @ < L=
-32,207, —gE— _ el X
o X -5 h
UL X3 .\“J .m/% rerl X
_OLSTONON X MA\\\ 2/ ~ coTHT TX

Lo o —A

S WU LoV
— So RN s

U3 y, a2 3 G
'M%Moﬂ_,umal X ' V;\ ln “ (rh.c.\\\ X
B P . BT ‘7 1 [ wx

.<«05053"™ X qHieu Ses : Y5y
F—— 0 wd o gm a.a p.Y — .

885 eEa _ . X | b &7 | CLX
leaMo&MJ»““ x i3/ 7 L Ve
_Sp . BT > o | s

L2353 Tep8 X ? U5 55 E ZX
e Oodoed = £ od

e edrd dvd ot 3 00 i _

—— P Qe N i

V) Il 8CET

M-I~ QO O3 !

X L 9 %! 7 7 OFX

X 1, _ | Ui X

! X i N‘% mw X

X | 58 ZX

. X “ Aol ¢’ X

- - - . T R ki * 1 '¢

X | ap¥f ¢y LX

LoAPLN ( GIRES P 12D, Py vgged [epuodl — « w =

30061771\ Bobingy|- oy wmoSbiod W - 117\ vaw <Y ot

| &AL YIS | g0V PVebob | 21287 | - UL ) THhISTT

YDJIPI5 7| beISOIRb G dnfr @it | hioyig T

| ©




il R i - bW i

b, s e

TR Tk A
| |
Jﬂ..m . ) w
—= 0o o m
% 3 m ol .w DL . |
1© 09 gw |
M e W b= | _
0o ud Ry i
s ammmLit -
™
S 5% 2257 5" — m
@w —Ae de~ X v, E0-E8 274 0 b4 »nW\DN% LXx JE
1 L. ﬂ T Lo ,
: v jegEwa | "
) » . "y < JAS CL A D -
. BT 4% b T O Lt R i R A
i . 7 _ o< = Y . - -
- 0 TELEN G /A s N R AR A A S
s = Vo 80N — >
. VTN TR 1 _
ﬁ € | 3L O 00O !
- X | ~gmgee— Wl | ViEk| 39 | O Z 1 heZh | 2K
N w % ..iﬂtliws_ T\ - Y - _, =5 _
A~ SN e Pe S 977 vse-26 A4 0 c Gl X
__31_. ..m 8T~ Poelwm
N R X 17 7
e x & LU | 20-46 g/ o S | 424 | X 1€
@, _ m
,,_, ®
4] -
< RS
o X wol | 6-281 z# 0 eIl X |
: | _
, 7 - - = ! -
T X _|lwu | s-08] 77 4% C | 222h] X __
. Ww ) X 7} olfr | 2L-£8 274 X2 ¢ _ cLGy X oo
WM 24700 .n\\wn\.\.@ (20 NM»Q Mgl 7000 5 % - ” : :
= P W U R A S AR v Y T, X LT [ GHRISTT\ i35
i3 L UPY3)BIST7| LSS OIPeGO dof Laializ7 | k pyg| €omyy 2 g . EH T 7 Amut
S 1OIOIOIO]JO[OIOIOIOIOTOTOTOTO

A i




‘10\» u.-z,

¢

o« 4 oW ...! —
~_ i | » | _
] 00 Qe _
” OG ®Om
| - | 1 WoL
,, o vo T _ |
- « 8.11. sv.n- m W _ ~
‘X 85D we 8 . - u
RS | X BohEdey o7 (oSl @ i 0 % £5071 Y | of
LTS ! O Fetodn .
| A S |
¥ . | TASLE S | |
it . ~ 0 Y.L L ! _ " ]
_ X T 4EERR Tour [toimp| 7 0 ol ezca] LX | kg
4 XN
5 L#Nr > ooc o _
| = mm c9ilf58s _
; g 0Y mnll\ >
g o 3 X TEESS T we [ ol (5055 | z4 | O 9 13324 | ix | 9%
S, EE ACEREEL . | _
R % S S @i Tor (5085 75 | 0 7 8927 | X | 9%
TR S = MI~aocowaz | JO 14 & _
y N~ o
m X b .
R = m. _ X wk&.i c-t6| 5@ o 7oL 9Elh £X °E
mumh @i _ X Nor | U-82 | cos _ | 1209 | Zx I ,
; o X | gor | 2o-28] % 7 518926 | bX |
3 | |
*© X wel |6 | 5% | 0O Z | #0F | ZX 1
! - e _ : . o !—
g _ ¥ WoI {oL-s6| 3 o O | neih | £X oz |
" E3 , ;
JI 7D ( .Q:N\..%Q@wm\m il \gaed (epuodl 2 = | v P2 ~ AR
T 7261774 s&w@m\ - w2/ .\.w\\..\.nwwo.\..d =12/ v 367 w& ° ° ! ’ ’ .
g mm i QA2 %&h\\@._ Y QLU 722 1217857 | -ULH7ET VAN = /(0K °“hH m\l x m\\ \ agings m...\.n 208, \vn,w‘
=2 L YPU2)IPISIF| 4 QP qO P 4l PQUIT]S \v\.m\\mw - 0/04/ T ] _ |
TS N |
2 TOTOIOTOIOIOIOIOIOIoOIoIoTOTO!
vF |



ORIGINAL PAGE IS
OF POOR QUALITY

wWerkes Qer 3x = =6°

Getalhiraung des 771€d -

2

® grof3

(el A = 2...4°)

t3(,”0/3
(Dle(l) d” 2 0 40)

"malig
(%/' Ay23..4°)

8gering
(%’I om=2.3°)

e | —
|

ﬁ_

P

3f mafig
( %’/ Ay >4°)
3c | 1057% by 8gering
"* ( bgr oy >6°)
|
J
2e 1% £(y)

% keine

60

The presentation
below is a rough
compilation of
results from photo
and test record
evaluation.

Key: l-position
2-danger to the
engine

3-intake side
4-"{ce blocks"
S5-pressure side
6-great
7-moderate
8-low

9-none
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4.4 Determination of the Average Ice Particle Velocity when
Separated from the Fuselage

From the spacing of two ice particles, the average velocity
between these positions can be roughly calculated if the transit
time is known.

By neglecting the particle acceleration:

= & - A4
v dat or vm = —Z-;
Here:
L 4s = m . As" [m] m = scale factor photo/model test
as’
= spacing of two particle positions on
the photo
As -

spacing of two particle positieéns
in the model test

N
-
n
-]
r—
(%]
[ S}
-
L]

stroboscope flash frequency

v, = m. as’ . f [m/s]

A compilation of the determined particle velocities for QE 8892
(2 wing front edge in the engine region) is found in pages 63-65,

The overview below gives some indication of the influence of
angle of incidence, sideslip angle, '"ice position'" and 'ice type'".

In summary, we can say that
1. The influence of angle of incidence could not be determined for

the small number of flight path photos.

2. The particles separating in the cockpit region have a somewhat
greater speed at the front wing edge than the 'radome particles'.
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Key: l-ice position 2-ice type

3. No significant influence of sideslip angle could be determined
in the existing flight path photos.
Trend: 8>0° = Us > Ug.o°

4. The influence of stagnation pressure on the velocity ratio vm/vm,
due to the relatively large stagnation width of the few measured
values, could not be determined.

5. The small-density test bodies attain greater velocities at
about the same geometric dimensions.

A rough determination of the kinetic energies of the various
test bodies shows that they are on the same magnitude:

_ m 2
Ekin =7V
F, . E . E .
kin Y1 N kin v2 N kin Y1 |
E, . ~ E. ~ E. ~
kin v2 kin Y3 kin V3
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5. Summary

The wind tunnel measurements '"To Determine Flight paths of
Separated Ice Particles' performed with the VFW 614 showed for the

studied flight status:

t

Elevation 6000 ft
v ~ 200 kts

® o
(T
o ~ 0...4°
2 0°
that ice particles released both from the radome and at certain
positions of the leading wing edge can be the source of engine

damage.

Engine damage through cockpit ice-separation is viewed as

unlikely.

For the specific case of simultaneous damage to both engines,
as occurred -luring the ’FW 614 Test Flight, a radome ice-separation
cannot be entirely e.cluded as the origin of the damage, but it is
viewed as unlikely. The tests showed that only at sideslip angles
of B50 °do the flight paths come near the engine, whereas on the

opposing wing side, they run farther to the outside.

In the sketch below we find those ice-separation zones which

represent an acute danger for the enginzs in the studied flight

state.

6. Conclusions
In conclusion, it must be expressly pointed out again that the

statements on possible engine damage through released ice particles
relate exclusively to the assumptions on model status and location

of ice separation points in this test.
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Whether ice particles indeed occur at the assumed positions
(and also break off) and whether they can cause damage to the engine
through their mass, is not the subject here.

But if investigations in this regard should confirm the chosen
separation positions, it is suggested: To prevent the generation of
ice build-up on the leading wing edge in the engine area by suitable

means in any event.

ror the case that ice particles separating from the radome or
other positions could cause damage due to their size, appropriate
wind tunnel investigations should be performed for the flight modes

under consideration.

7. Annex
Annex to report EF 586, part 3.

Compilation of flight path photos.
The two existing copies are located at:

1. at Eo 2
at the VFW-F wind tunnel
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REPORT Ef 586, part 4

Subject: Summary of the Most Important Results of the Wind Tunnel
Measurements on the Ice Flight Paths using the VFW 614 Model

Summary: This part of the report gives a rough overview of the
results of wind tunnel tests performed on the subject "Ice
Flight Paths on the VFW 614",

Since a detailed final report is not yet completed, this
summary will serve as a preinformation of the most important

results.

....................................

Anerkannt [ Acknowtedged

pdarbeitet / Prepared G(.ﬂlult / Checked Gebilingt / Approved
Verteiler / Copy to: Neuausgobe / Re-issue: Datum / Date: Bem. / Remarks:
And.-Ausg. / Revision: Seite / Page: Datum / Date:

Anz, der Sciten:

Datum/Date: 9. ] . 76 5

Numb of Parges:

Ausn./Rev No.:

69



Contents

1. General Information

2. Scope of Testing

3. Results

3.1 Pos. 1: Radome Peak

3.2 Pos. 2: Radome Edge

3.3 Pos. 3: Leading Wing Edge in the Engine Area
3.4 Pos. 4: Windshield Wiper Location

4, Summary

70

Page

71
72
72
72
72
72
73
73



AT

GRIGINAL PAGE IS
OF POOR QUALITY

1. General Information

Within the frame of investigations on the icing problem of the
VFW 614, wind tunnel tests were performed in the VFW-F wind tunnel
for the purpose of determining possibie flight paths of separating
ice. The ice separation was simulated at 4 illustrated positions
on the 1:15 scale model.

Pos. 1
. é_ _._‘{» — Radome peak

Pos. 2 6 Radome edge

Leading wind edge in the
. (2» engine area

Pos. 4 40 Windshield wiper area

65

Under consideration of similarity laws (see part 2), the ice
separation was simulated via special features on the model and the
flight paths of the flying particles were registered photographically.
A detailed test description and the evaluation and documentation of
all results will appear in a future report.
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2. Scope of Testing
In 83 test points, a total of more than 350 flight path tests
was performed, of which ca. 200 were registered photographically.
The following parameters were varied during the testing:

-angle of incidence ot o
0 < X < 14

-sideslip angle f 5° 0° 4+5°

-ice separation position Pos. 1, 2, 3, 4.
-ice shapes Typex, y

3
-spec. weight }~ 0,5 < Yy <« 7,8 gr/em

_ 2
-incident flow stagnation pressure 9% 20, 42, 85, 100 kp/ m

3. Results
3.1 Pos. 1: Radome Peak

The ice separating from the radome peak flys under the wing
at an angle of incidence of 0 ¢ « <« 10°.  Not until angles of « » 12 °
are reached do the paths of the ice particles lead into the vicinity
of the engine.

3.2 Pos. 2: Radome Edge

The engine lies in the scattering range of ice flying off from
this position. At angles of incidence of ¥ =10 ° the majority of
ice particles flies under the wing. Atol= 4°, the flight paths
lie directly in the engine area, whereas at o = 6°, the majority
of particles fly off over the engine.

3.3 Pos. 3: Leading Wing Edge in the Engine Area

Simulated ice particles released near the stagnation point of
the leading wing edge fly at angles of incidence of 2% < 4°
directly into the engine inlet. In order to eliminate uncertainties
in the application of similarity laws, in these tests the important
similarity parameter--the specific weight of the particle--was varied.
But for all used particle types (0,5¢ y <« 7,8 gr/cm3) hits in the engine
inlet were registered in this flight mode.
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3.4 Pos. 4: Windshield Wiper Location

From this position, the ejected particles tend to get into the
engine area only at small angles of incidence ( «—0°). At
« » 2° the flight paths lead out over the engine.

4. Summary

The tests described here have shown that ice forming in and
separating from the regions: Radome, leading wing edge in the engine
area, windshield wiper, follows flight paths in the flight range
under discussion (0 ¢ « <« 45 Vo 200 kt: ) which lead to the
immediate vicinity of the engine inlet or directly into the engine.
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