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ABSTRACT

Recent advances in the determination of rotor airloads and performance
in hovering and forward flight, including autorotation, are discussed. The
ability to predict the spatial and temporal variation of blade airloads in
forward flight is particularly important, since the higher harmonic components
of these loads are the primary source of helicopter vibration. Flight regimes
and rotor configurations are identified that reguire the use of free-wake
analytical techniques, as opposed to those regimes for which the simpler rigid
wake or momentum balance technigques are adequate.

1. INTRODUCTION

It is well known that the geometry of the wake generated by a helicopter
rotor in hovering flight is uniquely dependent on the velocity field generated
by the rotor and its wake, since no other velocity exists in the wake, and
that rotor performance and blade loading is critically dependent on this
geometry. Analytical models must therefore include a free wake which is
allowed to assume the geometry corresponding to the bound circulation
distribution., as determined by the rotor blade planform and twist. In forward
flight, additicnal inflow does exist due to the component of forward velocity
perpendicular to the tip path plane. In both cases, because of the relatively
light loading of the rotor compared to propellers, the wake remains close to
the rotor disc, certainly for the first spiral. Rotor/wake interactions,
therefore, have a profound influence on rotor performance, vibration and
noise, requiring a precise knowledge of the wake geometry for their
prediction.

In the case of the more highly-loaded propellers and wind turbines, the
problem is less severe and approximate estimates of the wake geometry are
adequate for most applications except for certain cases, such as static thrust
for the propeller or wind turbines with low inflows operating in the vortex
ring and windmill brake conditions.

Free-wake analytical techniques require the computation of induced
velocities throughout the modeled wake and are therefore far more demanding
computationally than rigid-wake techniques, in which the geometry is
prescribed, and induced velocities need be computed only at the rotor blade;
or semi-rigid wake techniques, in which the wake is assumed to move with the
local velocity existing at the rotor blade when the wake was initially
generated.

The wake itself consists of a complex system of vortex filaments and
sheets with viscous cores of uncertain stability. A complete analysis of
rotor aerodynamics therefore requires that at least the near-wake structure
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and its stability also be determined, preferably by direct solution of the
flow equations, including real fluid effects. [The "near wake” is defined as
that portion of the wake attached to the generating blade up to the following
blade location. The "far wake” is defined as that generated by all other
blades (Fig. 1).1 Such analyses are complex and become computationally
manageable only if limited to the near wake, with the far-wake gecmetry
computed using less-detailed free—- or semi-rigid- wake techniques. It is
therefore important to identify those operating regimes for which the simpler
rigid or semi-rigid techniques may be used. It is the purpose of this paper
to attempt such identification. and to present some recent results involving
application of these techniques to rotors in hover and forward flight.

2. FORWARD FLIGHT

Several investigators have examined the problem of computing airloads in
forward f£light. Reference 1 summarized an extensive review of the limited
experimental data available on rotor loads, compared these results with the
then-existing free— and rigid- wake theories, and concluded that none of these
theories were capable of predicting the loadings accurately, in particular
their higher harmonic content. This higher harmonic content is an important
and probably dominating source of helicopter vibration.

One of the earliest free-wake studies was that of Ref. 2, in which the
wake geometry was determined for several spirals and the weke roll-up, as
predicted by the experimental results of Ref. 3, demonstrated analytically.

Reference 4 concentrated on the important problem of blade-vortex
interaction, of critical importance in computing the blade airloads which
determine rotor vibration and acoustic signature. The analytical results were
compared with available experimental results and it was concluded that vortex
bursting could have an important effect on blade loads. These results have
been discussed further in Ref. 5 and compared with some more-recent
experimental evidence of possible vortex bursting.

In an attempt to understand the reasons for the lack of agreement
between theory and test demonstrated in Ref. 1, and to clarify the physics of
the problem, a simplified approach to computing airloads was developed, as
discussed in Ref. 6. This approach identified those factors not fully modeled
in the previous investigation, which had to be included in the analysis in
order to ensure agreement with the test data. These factors included
recognition of the existence of a mid-vortex, in addition to the usually-
postulated tip and root vortices, over a portion of the rotor disc, as
sketched in Fig. 2. The near and far shed wakes (Fig. 1) also required
modeling, since their effects on rotor loads were found to be not negligible.

When the analytical approach was modified to include these effects,
reascnable agreement with test data resulted. However, the model used a rigid
wake with the location of the center vortex prescribed a priori, which limited
the generality of the solution. A free-wake analysis was therefore developed
in Ref. 7, again based on the simplified approach of Ref. 6. Reasonable
agreement with test data was obtained without the use of a prescribed wake
location; however, the complete free-wake program was far more computationally
demanding {(several minutes vs. several seconds), to the point where much of
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the advantage of the simplified approach was lost. Much of the additional
computation was due to the far shed wake modeling, which analysis showed to
make only a small contribution to the overall blade loading. By eliminating
the far shed wake from the computation, this approach should still be fast
enough to use as the basis for a more elaborate analysis of the near wake in
order to identify the roll-up characteristics by CFD techniques involving a
direct solution of the Euler eguations.

In addition to the difficulty with the location of the center vortex,
the three vortex models of Ref. 6 also led to additional computational
problems when the center vortex location was not prescribed, particularly on
the advancing side. An indication of the type of problems can be seen in Fig.
2. This shows the computed position of each vortex element trailed. A "shark
fin” occurs at around 80° as the root vortex position jumps outboard as a
result of the blade bound circulation distribution. In an effort to eliminate
this problem and to avoid the difficulties mentioned above, a first step
toward a free-wake model was the development of an improved model of the
trailed wake. The key to this model was to allow a variable number of vortex
trailers, depending only on the blade bound circulation at the appropriate
azimuthal position. This introduced some computational problems that were
eased by starting the computation with a rigid wake with the maximum allowable
number of vortices trailed from each azimuth. Once a relatively stable
solution was found, it could then be used to find an initial downwash
distribution for starting the free—wake solution. This approach also
simplified the geometry calculations. Rather than trying to find only the
actual blade vortex interactions as the number of vortices changed, a
prescribed number of trailers for each blade were always present. In many
cases, however, the corresponding strength of the vortex was set to zero as
the blade bound circulation distribution became smoother.

A simpler model for the displacement of each trailed vortex element was
used for the semi-rigid wake analysis. The displacement of each vortex was
calculated using the average of the velocity in the wake at the time the
vortex was generated and the velocity in the wake at the blade vortex
interaction point. If no interaction occurred, the displacement was
calculated using only the initial velocity. For those vortices trailed from
the blade 180° zhead, the displacement was calculated using onlg the initial
velocity, the velocity at the point of intersection with the 90% blade and the
velocity at the computational blade. The vortex was assumed to roll up
instantaneously at the trailing edge of the generating blade. Vortices
trailed from the other blades were treated as semi-rigid. Since results
indicated that the far shed wake had only minor effects, a semi-rigid model
was also used for the shed wake.

The major finding from this work was that most of the changes in blade
loading from a rigid wake modeling occurred when the semi-rigid wake model was
implemented. The free-wake model did not cause a significant change in blade
loading from the semi-rigid modeling. Another finding was that while radial
motion of the vortices was minimal, vertical motion was quite significant.

One problem area resulting from this vertical motion was the tendency for some
vortex elements to rise above the rotor disk. This indicates that there is a
need for an accurate modeling of the vortex roll-up in order to determine
vertical displacements accurately.
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Some results are presented in Figs. 3 and 4. Figure 3 follows the
technique of Ref. 1, in which a Mercator—type plot of the airloads is used.
This projection is of value in presenting a qualitative view of the entire
loading for comparison with the test data. Two projections are shown in Fig.
3, both for the computed loads using a semi-rigid wake and for the
experimental results of Ref. 8 as used in Ref. 1. Reasonable agreement is
apparent in both total and higher harmonic loadings near the tip, but
discrepancies exist towards the inner part of the blade, where more activity
is evident in the theoretical than in the experimental results. These
discrepancies become clearer from Fig. 4, vhere the same loads are compared
directly with experimental data, station by station as in Ref. 6.

Figure 4 shows the total blade loading and higher harmonic 15ads for the
outer 50% of the blade. These were calculated using the free wake model for
the trailing vortices and a semi-rigid shed wake. As mentioned above, the
inner stations did not show as good agreement and appeared quite noisy. The
tip stations 0.97R and 0.99R are not shown., since the theoretical results do
not predict the drop-off in lift evident in the experimental results. This
may be due to the lack of a reliable method for predicting tip losses as the
tip vortex is formed. Empirical estimates of the tip losses have not been
included in the analysis.

From Fig. 4, it can be seen that this model shows reasonable agreement
with experimental results with two significant exceptions. The first area is
the higher loading predicted by theory over the outboard portion of the
retreating blade. This may be due to blade elasticity, as discussed in Ref.
6. The second area where theory differs from the experimental results is in
the azimuth range from 40° to 80° at the more outboard stations. For example,
at 60° and 0.95R, the computed loads are 3.7 1bs/in, as compared to an
experimental load of 14.5 lbs/in. An examination of the contributions from
each wake element shows that the major influences at this station and azimuth
are the tip vortices from the two preceding blades and the mid vortex from the
immediately preceding blade. Based on the free wake results, the induced
velocity from each of these elements is directed upward at 0.95R. The two
vortices from the immediately preceding blade are the most significant, and
result from the circulation distribution shown in Fig. 5. The tip vortex is
assumed to contain the vorticity from the tip to the first peak at 0.99R. The
mid vortex then contains the vorticity from the negative peak at 0.99R to the
next peak at 0.4R. A vortex core size of 0.01R was used in this modeling for
both the trailed vortices and the shed wake. One likely explanation for the
discrepancies in loading is that the radial positions of the wake vortices are
not exactly modelled. Small changes in the radial position can cause large
changes in loading in this model. Since the radial velocities are not large
enough to cause significant radial motion over the time interval of concern,
this may be due to the inability of the model to accurately predict the
circulation distribution over the inboard sections of the blade.

Another phenomenon not included in the above analysis is the vertical
migration of the curved system of trailing vortices leaving the blade, which
may well result in a further displacement of the free wake. This effect
arises from the mutually-induced velocities and is quite separate from the
effects of the self-induced velocity on the vertical displacements of a curved
line-vortex. This phenomenon is discussed in Ref. 3 and a method developed
for its computation in the case of hovering flight, where a greater degree of
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curvature exists but time-dependent effects are absent. Extension of these
methods to include the time—-dependent effects of the forward-flight case is a
necessary further step towards a better definition of the wake gecmetry.

3. FREE WAKES IN HOVER AND AXTAL FLOW

Free-wake analytical techniques are particularly important for the
determination of the hovering performance of rotors with unconventional
geometries when no experimental data exists for estimating wake geometries a
priori. An example is the highly-twisted and tapered blade of the tilt rotor
aircraft. In Ref. 9, the fast free-wake technique of Ref. 10, which uses a
simplified wake geometry representation, was applied to the computation of the
performance of the tilt rotor described in Ref. 11. Good agreement with the
exper imentally-determined performance and wake geometries was achieved using
this free-wake technique, as shown in Figs. 6 and 7, whereas, as pointed out
in Ref. 11, agreement using prescribed-wake techniques was not as good, as
might be expected for rotors with geometries radically different from the
previously-available experimental data base.

Another application in which free-wake technigues are desirable is in
the formal optimization of a hovering rotor. Formal optimization techniques
are camputatiocnally demanding, since the aerodynamic theory used must allow
for a sufficient number of design variables to ensure identification of the
true optimum. The fast free-wake technique of Ref. 10 is well suited to such
an application, and was used in Ref. 9 to demonstrate the use of an
unconstrained quasi-Newton formal optimization algorithm. The results for
conventional rotors indicated no need for radical changes in planform or
twist, other than moderate taper, but the technique developed may well be of
interest for the formal optimization of more radical designs.

In the case of axial flow, an interesting application of the free-wake
technicques is to a rotor in vertical descent operating in the autorotative
regime in the vortex ring condition, close to minimum rate of descent.
Conventicnal momentum or rigid-wake vortex theories are inapplicable in this
regime, which is usually analyzed using the experimentally-determined
corrections suggested by Glauert in Ref. 13. However, free-wake techniques
may also be used for this application.

It is difficult to obtain precise experimental data for helicopters
operating in the vortex ring regimer: however, useful data has been obtained on
wind turbines operating in this regime in Ref. 13 and in Ref. 14. These
exerpimental results indicated that wind turbines operate satisfactorily in
this regime of low inflows, whereas helicopter rotors operating under such
conditions show a tendency towards erratic and unstable flight. The fast
free-wake technique was therefore applied to the case of the full-scale wind
turbine of Ref. 13. Figure 8 shows the predicted power output compared with
the experimental results. Evidently the fast free-wake theory works well in
the vortex ring condition and throughout the operating range, including well
into stall, providing that the post-stall airfoil characteristics are modeled.
Figure 9 shows the computed wake geometries.

The experimental results of Ref., 13 did not include thrust datas
however, thrust measurements were taken in Ref. 14. As shown in Fig. 10, the

v
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fast free-wake theory predicted the experimental thrusts where the
conventional momentum theories failed. The excellent agreement provided by
the classical empirical corrections suggested by Glauert is also evident.

4. CONCLUSIONS

Free-wake techniques are generally necessary in hovering flight, where
the only inflow is that induced by the rotor and its wake. Such free-wake
analysis need not be computationally demanding if the fast free-wake technique
is used. Pormal or heuristic search techniques may then be used to optimize
rotor performance. _

Free—wake techniques are probably not essential for axial-flow
conditions in which the inflow is large compared to the induced flow, as is
the case for propellers in forward flight or wind turbines under normal
operating conditions. However, when the inflow velocities are of the same
order as the induced velocities, as in the case of a helicopter in close-to-
minimum vertical autorotative descent, or a wind turbine operating in light
winds, free—wake techniques are necessary.

In forward flight, semi-rigid wake techniques appear to be adequate, at
least in the cruising flight regime, and are computationally more efficient
than complete free-wake solutions.

Much remains to be done before a completely~satisfactory and rdbust
method which allows for the true vortex structure and near-wake geometry is
available, but the methods discussed in this paper appear to give reasonably-
accurate results suitable for design trade—off studies and are computationally
sufficiently efficient for rotor optimization studies, either formal or
heuristic.

19-6



REFERENCES

10.

11,

12.

13.

14.

Hooper, W.E. The vibratory airloading of helicopter rotors. Vertica,
vol. 8, 73-92, 1984,

Landgrebe, A.J. An analytical model for predicting rotor wake geometry.
AHS Journal, vol. 14, no. 4, Oct. 1969,

Heyson, H.H. and Katzoff, S. Induced velocities near a lifting rotor
with non uniform disc loading. NACA TR 1319, 1957.

Scully. M. Computation of helicopter rotor wake geometry and its
influence on rotor harmonic airloads. MIT ASRL TR 178-1, March 1975.

Miller, R.H. Methods for rotor aerodynamic and dynamic analysis.
Progress in Aerospace Sciences, vol. 22, no. 2, 1985.

Miller, R.H. Factors influencing rotor aerodynamics in hover and
forward flight. Vertica, vol. 9, 155-164, 1985,

Ellis, S.C. Free wake modeling for a helicopter rotor in cruise flight.
Engineering thesis, M.I.T., 1985,

Rabott, J.P., Lizak, A.A. and Paglino, V.M. A presentation of measured
and calculated full-scale rotor blade aerodynamics and structural loads.
US AAVIAS Technical Report 66-31, July 1966,

Chung, S.Y. Formal optimization of hovering performance using free-wake
lifting surface theory. Ph.D. thesis, M.I.T., 1986.

Miller, R.H. A simplified approach to the free wake analysis of a
hovering rotor. Vertica, vol. 6, 84-95, 1982,

Felker, F.F., Maisel, M.D., and Betzina, M.D. Full scale tilt rotor
performance. Proceedings of 4ist Annual Forum, AHS, 1985.

Glauvert, H. The analysis of experimental results in the windmill brake
and vortex ring states of an airscrew. ARC R and M No. 1026, 1926,

Viterna, L.A. and Jaretzke, D.C. Theoretical and experimental power
from large horizontal axis wind turbines. Fifth Biennial Wind Energy
Conference and Workshop, Washington, D.C., Oct. 5-7, 1981.

Dugundji, J., Larrabee, E.E. and Bauer, P.H. Experimental investigation
of a horizontal axis wind turbine. U.S. Dept. of Fnergy, COO 3141-T1,
Sept. 1978.

19-7



NEAR
TRAILING WAKE

AR \
TRAILING § SHED
WAKE + WAKE . /
e { / —— VORTICES FROM BLADE
/// | @ ~— VORTICES FROM BLADE (O
\ s /| - —— TIP PATHS
N7 h

. s ' keg, Fig. 2. Sketch of wake geometry at critical intersections using three
Fig. 1.  Wake geometry showing near and far trailed and shed wakes. ig trailed vortex model.

~

Total lnid&,lbs/j{
. /

- Tetal an&s,ibs/in
R y
T
Yarponicstind, 1bs/in

Pig. 3. Perspective plots of airloads (vertical scale} aleng blade
(inclined axis) vs. azimuth {abscissa) for CH 54 helicopter at 150
nph with 5° forward shaft tilt. Colum 1: theory, Colm 2:
experimental data.



Total loads {lbs/in} Total leads (its/in)

Total loads (lbssin)

0.95 Blade Radius

30 - —  Ealeaisted loads
=0~ Jiwbauted leads
20 -
10 4
o -
-0
0 3G 40 90 1ED 150 SBD 23D 24D 270 360 II6 IBD
Azimuih (deg)
,0.90 Blade Radius
30 ~ — Caleulated losde
-0~ Messursd losds
z0 A
10 -
g -
-1 Tt
0 30 00 B0 120 150 I1BO 21D 24D 270 IGO0 A0 IBD
AzTimuth {deg}
0.85 Biade Radlus
30 q w Calewlnted londs
—~o— JNepsursd Josds
20
10
0 4
- lU T T T T T T H H T T T L]
0 3¢ 60 G0 120 150 100 210 24D 270 J00 II0 38D
Afimuth {deg)
0.55 Blade Radius
20 q ’ — Calculuted londs
- Heariied lowds
T
<
"
=
"
=
"
2
=
B
=
0 T T T T T L) T T I_‘— T v 1

¢ 30 @0 $3 120 130 )BO TI0 24D TTO I0Y 3I0 IS0

Azipnulh (deg)

Fig. 4.

-]

S

N

Higher harmeonic loads (Yus/in)
¥ |
ES o~ o

|
o

[~]

£

N

Higher harmonic Joads (lbs/in)
| 1
L L o

1
-]

| 3 N
- 5] -] N - -]

Higher harmonic Joads (Ibs/in}

f
-2}

1 k
[~ - Lad [~

Bigher harmenic jtads (1bs/In}

|
w

0.95 Blade Radlus

—— Cxltulated loads
—o~  Wensured Jonds

o

0.90 Biade Radlus

T T T T

30 60 s0 120 ;5D 180 21D 24D 270 300 330 380

Azimuth (deg)

- Taleulated loads
—o—  JirasuTed Ionds

g

T T T T

T

30 80 oG 120 150 1BD TID 240 270 300 II0 IGO0

0.§5 Biade Radius

Azimuth (deg)

— Calculated lgads
~-  Lpasured bendy

T

T y T T

T

T T T 1

30 00 PO §T0 130 JBO0 210 40 TT0 300 230 IBO

Azlmauth (deg)

0.55 Blade Radlus

— Caleulated londs
—&  Nrasured loads

4

¢ 30 80 9C 120 150 180 2D 24D 270 300 330 300

T T ¥

Azimyth (deg)

Computed blade loading as a function of azimuth for same flight

condition as Fig. 3, compared with experimental data of Ref, 8.
Colum 1: total loads, Colum 2: harmonic loads above 2nd.

19-9

't

T T T 3



Fig. 8.

FIGURE OF MERT
-3 .

2
. ATE TET ROTOA
BOUND CIRCULATION — ExPrhENT
AZIMUTH 100 Deg. O PRLSENT CALCKAATION
0.006 7 PEAK 2 ]
0,004 ’
2
s 2|
= 0.002 - G
9. .
=
3 —0.000 2
& &
O —0.002
PEAK 1
—0.004 . g
-1
[
~-0.008 T
0.80 1.00 §
o
-3
3
g
TBOOOEIO0 0ACOE-D1  DHOGE-DT 0120 Y6 o ,r 9700 0240 0200 LEL
Fig. 5.  Blade bound circulation at 100° azimytch.
' Fig. 6. Comparison of computed figure of merit for tilt roter on hover
campared to experimental data of Ref. 1i.
o 17 VORIEX GEOMETAY Ti® VOTTEX GEOMETRY
g ‘ g
A18 TILT ROTOR AT0 TLF ROTOR
Criorw 071 Cyfa= 0171
. e EXPETHMENT wern EXPERIMENT
2 [ PRCSENT CALCLLATICN 2 O PRESENT GALGULATION
° ]
5
3 o i
RXLAL RADIAL
8 g
g‘? o gg
g g
] @ 4
o ) . ‘-“\ .
8 - g
“ ad by
D.GODE 400 1c% 200, 300, 400, 500, soa 00 500, b oocE.0D 100, 200 aco. 400 500, 118 700 an
AZme i ATWAITH
Pig. 7. Experimental and computed wake geametries for rotor of Fig. 6.
oL Qi
#4033 r pror
1 e ) T e
STALLED REGION T - ¥
4 ot /'1 e~ MOMENTUM MCOIFIED 8Y
\/ v GLAUERT EMPIRICAL CORRECTION
a  TESY DATA
G 19 = A0
:“ﬁ Y
TURBULENT ! H )
— = FREE WAKE AHALYGIS ZiR 2R £
HRE wORTEX —— MODD TEST DaTH o+ S
t T,
f ] ‘ c
1 J 1 Ll T o2 roin o=
i o .
Eoal iy
<o, dm ™ e
o 5 9 ]
T 11y 14 ui
i 1
[} |
B i sf- |
zem 1 zm : 0.5 ] ]
,/ 1 | : 5 (o]
; . |- ! ror- | DRV
a .8 ) - |l
: Mg, 1%, Hind turblne perfermance pridictionn kn turbulent wake/vortes ring

Compar izon between measured perforswce of Mod-0 wind turhine (Ref.

13) and Lrwe wake
shown, Py in W,

analyrical results with 1ife and drag schedule am

Fig. *.

Selected wake geomeiriea from free wake snalysia of Hod=0 wind
turbine.,

19-10

Btate and camparison with experoxntal results of Raf. 14 and with
empirical cerrection of 1514 Ly Glavart.




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (423.15 580.32) Right top (542.19 675.18) points
      

        
     0
     423.1489 580.3198 542.1886 675.1796 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (4.65 209.25) Right top (57.66 767.25) points
      

        
     0
     4.65 209.2507 57.6599 767.2493 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 2 to page 2
     Mask co-ordinates: Left bottom (4.67 232.52) Right top (47.62 782.53) points
      

        
     0
     4.669 232.5173 47.6238 782.5259 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (574.39 272.23) Right top (613.68 759.62) points
      

        
     0
     574.3931 272.2275 613.6838 759.6197 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (5.62 242.62) Right top (54.33 769.08) points
      

        
     0
     5.6206 242.6184 54.3323 769.0797 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (578.59 265.52) Right top (615.86 769.58) points
      

        
     0
     578.5876 265.5239 615.8558 769.5753 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (10.23 221.34) Right top (51.15 761.67) points
      

        
     0
     10.23 221.3407 51.1499 761.6693 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 7 to page 7
     Mask co-ordinates: Left bottom (568.34 256.21) Right top (609.33 554.35) points
      

        
     0
     568.3389 256.2068 609.3339 554.3519 
            
                
         7
         SubDoc
         7
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (9.29 247.04) Right top (50.15 540.52) points
      

        
     0
     9.2873 247.0421 50.1516 540.5215 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (-17.65 549.81) Right top (42.72 749.49) points
      

        
     0
     -17.6459 549.8089 42.7217 749.4863 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (528.69 270.38) Right top (608.60 578.86) points
      

        
     0
     528.6884 270.3844 608.5956 578.8634 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 10 to page 10
     Mask co-ordinates: Left bottom (259.12 547.02) Right top (361.28 597.17) points
      

        
     0
     259.1163 547.0234 361.2769 597.1749 
            
                
         10
         SubDoc
         10
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     9
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 10 to page 10
     Mask co-ordinates: Left bottom (60.37 1.86) Right top (586.03 49.22) points
      

        
     0
     60.3676 1.8575 586.0302 49.2228 
            
                
         10
         SubDoc
         10
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     9
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (575.15 277.82) Right top (606.74 322.42) points
      

        
     0
     575.1461 277.8176 606.7374 322.417 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (577.00 502.67) Right top (610.45 551.92) points
      

        
     0
     577.0045 502.6728 610.454 551.9179 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (545.41 606.74) Right top (603.02 697.79) points
      

        
     0
     545.4132 606.738 603.0208 697.795 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (575.15 726.60) Right top (616.96 776.77) points
      

        
     0
     575.1461 726.5988 616.9581 776.7731 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     11
     10
     1
      

   1
  

 HistoryList_V1
 qi2base





