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However, some of the presented materials / conclusions are applicable
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. Some of the dat a as been obtained from
by Lebedev A.A. and Chernobrovkin L.S.,
Mechanlcal engineering", 1973. DTS

Wn‘iAMMKA
Data obtained from this book, is marked with m - NOMETA

The same data is presented in the book
«Sport Scale Models of Rockets» by Viadimir MINA

Some of the conclusions in the presentation do
not have clear answer(s). Some of the problems /
selections between alternatives require
additional R&D or/and a simple executive choice
by the designer/modeler.

TED 4
SEE NOTE

These cases are marked with




S1. Strategy for success. Recommendations

CONTENTS

1. Model geometry selection 6
2. Alignment 66
3. 2"d stage drag reduction 73
4. Materials 87
5. Engines 91
6. Piston \ 121
7. Streamer

12. Conclision S N



1. Model geometry selection.




General design approach

1st in order

2nd in order

Due to importance of 2nd Stage aerodynamic
characteristics and their high impact on the final
results (flight altitude), the geometry selection of the
model should follow the basic principal:

Stage and then optimize your 1st Stage based on the

This also will simplify the precess of the selection. You do
not have to vary parameters for both stages.



1.1. Numerically simulated model of Cd




1.1.1. Aerodynamic skin friction coefficient C;

Skin friction coefficient C;vs. Re number and transition location X;, M=0

Skin Friction Coefficient vs. Reynolds Number
Effect of Transition Location (M=0)
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1.1.1. Aerodynamic skin friction coefficientCf ( c on

Graph interpretation of approximative dependence (2 C;) vs. Re and X, and

comparison with the original sources:

(2 Cf) (M=0)

o0e

"Approx, X=0"
"Approx, Xt=0.2"
not4 “Approx, Xt=0.4"
1 "Approx, Xr=0.6"
STaLEe "Approx, Xt=0.8"
o1z 1 "Approx, Xt=1"

0.01 F— o "EDoM", Xt=0
o “FDoM", Xt=0.2
"FDoM", Xt=0.4
0008 P o “FDOM" Xt-0.6
: = “FDoM", Xt=1

0006 +— ——— S
e T "US, Xt=0.2"
0004 e S 4 "US, Xt=0.4"

T / i < 4 "US, ='E"H"
----- - .:-_ — ' = 3 III-IS! Kt=1ll

1.00E+15 1 00EHIB 100E+H7 1.00E+H1S

Re

Appl for S3/6/9
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1.1.1.1. Location of Laminar-to-Turbulent flow transition point X,

Factors, affecting location of Laminar-to-Turbulent flow transition point X,

(critical Re value (Rey)):

1. Roughness of external surface

2. Single surface asperities

and MACRD-

3. MICRO-waviness
external surface

11

SEE NOTE




1.1.1.1.1. Impact of a surface roughness onto critical Re value

T ITNATL
o Il )
RN

Graphical interpretation of the
approximation for critical Re value
Re, = f(value of surface roughness) :

Ret =f(Re (hl}), for M=0,0.5,1
4000000

3000000

= 2000000
a

o
g L

100 150
Re-(hL)

Appl for 83,’619

SEE NOTE




1.1.1.1.2. Impact of single surface asperities onto critical Re value:

L I S ) I N
I N I I D

Graphical interpretation of the

approximation for critical Re value
Re, = f(dimensions of single surface

asperities) :

Re; = f{Re-{h/L)-(WB)), ana M=0,0.5,1

4000000

3000000

& 2000000
o

10000040

Re-{h/L)-(WB)

Appl for 83,’619

SEE NOTE




1.1.1.1.3. Impact of surface MICRO-waviness of onto critical Re value

Guess value of the impact:

Re, (MICRO-waviness) = Re, (surface roughness, h =h )

Appl for 83,’619

14
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1.1.1.1.4. Impact of the MACRO-waviness of external surface onto critical
Re value

Guess value of the impact:

Re, (MACRO-waviness) = Re, (surface roughness, h =h ,,,.)

Appl for 83,’619

15
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1.1.1.1.5. Combined effect of the factors, affecting location of

Laminar-to-Turbulent flow transition point X; ¢,

Guess value of the X, ¢, : Appl for 33,’6!9

=1- ((1' Xt 1)2 + (1' Xt 2)2 + (1' Xt 3)2) 0>,

t sum

Where:

X1 T location of transition point due to external surface roughness;

Xi s islocation of transition point due to presence of single surface
asperities;

Xi 3 I location of transition point due to presence of external surface

waviness

16
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1.1.2. Nose Cone Cd

A. Cd for Parabolic NC with Generating line equation:

VIR =2x/L o — (X/Lyrq )2

Appl for 83,’619

Cd NC()"NC; M=0- 08)
for parabolic NC

&) =-0. 00 MWNB3L 7* &)0*0M837

for 20)012483 { -+ 0.152417) * M2 +
0.6<M<0.8: (0.013225 * a.- 0.162125) * M + (-0.012374 * &+ 0.061071)
17
SEE NOTE




1.1.2. Nose Cone Cd (cor

B. In case of combination of
Parabolic and Spherical NC shape
(with Parabola and Sphere are

tangent at the point of juncture):

parah
Luc

A

3 :h:l g ; | : :E 1 't_'-
CdsphparNC ~ CdparNe [1 =1 cos™ O(3,1— 147 cos® - 0,77 cos” ®)] + casphne !

Whera. C*d par NC — Cd for parabolic NC with langth of L NC parab

r*=(r spher ) / R NC
CdsphNC - Cd for semispheric NC (=0.05)

18
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1.1.3. Boat Tail Cd

A. Cd for Conical BT:
Cdgr T ] [ i <L . cdeonc BT =f ({'R), A, 67=v=r ; M< 0.4

Appl for S3/6/9

d 57 ( ah) = (0.1456*h" 4 - 0.35003*h" 3 + 0.1313*h"2 + 0.02458*h + 0.04855)
+ (0.0161*h"4 - 0.03418*h"3 - 0.02388*h"2 + 0.03734*h + 0.00462) * (2.0 - &)

19
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1.1.3. BoatTalCd ( condt)

= = houndary €= 750

Appl for S3/6/9

Cd 47 ( ah) = (0.3002*h 4 - 0.6105*h"3 + 0.2654*h"2 + 0.0055*h + 0.0394 ) +
(-0.04694 *h" 4 + 0.04266*h"3 - 0.01786*h"2 + 0.02014*h + 0.002) * (2.0 - &)




1.1.4. Body Base Cd.

Cf - Total skin-friction draqg coefficient

Appl for 83,’619

21



1.2. Cases under consideration and assumptions

1.2.1. Assumption: min on Cd ., (V
flight altitude.

aver) COrrespond to maximum of

Model's parameters, which provide

”\*‘min Cd total (V aver)

correspond to paramet'“ers_vyhich provide

—

max H gny

22

CM. NOTE




1.2.2. Additivity Concept for Cd ,,,,, and Cd of the model& parts

Assumption:

Cdsequal to sum of mode
Cds (NC, body; BT, BS, fins) :

Cd ¢ = S(Cd),

23
CM. NOTE




1.2.3. Location of the Laminar-to-Turbulent flow transitional point
(Assumptions)

Due to importance of friction drag value, 2 extreme cases of the Laminar-to-

Turbulent flow transitional point coordinate Xt were considered:

1. Total Laminar flow (Xt=1) for totally
cylindrical body (LBT=0).

However, for Cylindrical + Conical (or Parabolic)
BT body (LBT>0), Laminar-to-Turbulent flow
transitional poi natéthe Coo
Cylinder-BT juncture point.

2. At the NC-Cylinder juncture point.

24

CM. NOTE




1. 2. 4. BT6s shape ( P&onachd bdatitazsl) b o ¢

For the fulfilment of the condition: conieBT FParab BT

Olmaxpar

a. max par BT = a. con BT

In general:

1. Forrcon BS =r par BS
L par BT =2 (L con BT

2. For L con BT =L par BT (Appt for s3/6/9)

rparBS=(R+rconBS)/2

For cases under consideration:
a max par BT = @ con BT = 7°

For2dst age (with enginEde2m®D = 10. 2

- Conical BT: r ss=5.4 mm
- Parabolic BT: r es= 7.2 mm

25



1.2.5. Fins

- Fins Shape
For simplicity of the analysis:

Fins are oval-shaped (close to elliptical shape) with semispan equal

to root chord length.

- Fins dimensions.

Fins total area (or dimension bk) was taken in order to obtain static

stability margin equal to 4/3 the caliber.

26

SEE NOTE




1.2.6. Model& flight velocities for Cd ., calculation

1st stage: Cd .., Was calculated for

V =40 m/Sec © Vyeraqe fOr 15 stage.

nd stage: Cd ., Was calculated for  EEEaSeEE
€C © V, eraqe fOr 2" stage.

60-380m

SEE NOTE



1.3. Numerical analysis results.
2"d stage




1.3.1.

Length of the 2"d stage

Predominantly
Laminar flow cases:

Predominantly
Turbulent flow cases:

——LBT=0(#2)
—=i— Conic BT (#2)
—s—Parab BT (#2)

L 2nd St, mm

Cd gotal =f (L2nd st sum ). for LBT =29 mm

—-—LBT=0
—i— Conic BT (#1)
—a—Parab BT (#1)

170 190
L 2nd st,

PAS



1.3.1. Lengthofthe2™®st age (condt 1)

Conclusions:

1. In the cases of predominantly Laminar flow: the longer
2"d stage (within reasonable length range) the lower the

Cd value.

2. In the cases of predominantly Turbulent flow: there is

the optimal 2" stage length (about 180 mm).

30

SEE NOTE




1.3.1. Lengthofthe2™st age (conob6t 2)

Concl usions (conot ) :

3. For predominantly Laminar flow:
The 2" stage without BT has a greater Cd ., value than the stage
with BT, conical or parabolic (approximately 4-3 % respectively

greater).

Results for 2"d stage total length of L sum = 180 mm:

For predominantly Laminar.flow :

| xt |Cdfric|CdNC|CdBT|CdBS |Cdfins| Cdtot
| NoBT | 1 0047 |-0005]| O | 0137|0031 | 0208

4l

31
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1.3.1. Length ofthe2™st age (conb6t 3)

Concl usions (conot ) :

4. For predominantly Turbulent flow :
However, an interesting and not very expected result is that the 2nd
stage without BT has a lower Cd value than the stage with BT

(conical or parabolic):

Results for 2nd stage total length of L sum = 180 mm:

For predominantly Turbulent flow :

Cd tot
| NoBT | 0146 | 0152 | -0005| 0 | 0.074 | 0.031 | 0.253
0.276

0.285

SEE NOTE




1.3.1. Lengthofthe2™@st age (condt 4)

Concl usions (conot ) :

5. For predominantly Laminar flow:
The 2"d stage with parabolic BT has a greater Cd ., value than
the stage with conical BT. However, the difference is very small -
about 1 %.

For predominantly Turbulent flow:
The 2" stage with parabolic BT has a lower Cd ., value than the

stage with conical BT, approximately 3 % lower.

X



1.3.2. Length of the 2"d stage BT

Cd total =f (LgT). Conical & Parab BT,
forLsum 2nd st= 180 mm

——L-to-T: NC-
Cyl. Con BT

——|_to-T: Cyl-
BT.Con BT

——L-to-T: NC-
Cyl. Par BT

—— | to-T: Cyl-
BT. Par BT

34

SEE NOTE




1.3.2. Length of 2"d stage BT ( Con o6t )

Conclusion:

1. The question about «<BT-No BT» is transferred into a question

about flow type on a cylindrical part of the 2"d stage.

2. Clearer wording of the FAI Code, which is forbidding BT, will

completely remove this issue.

35
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1.3.3. Cd ., Of 2"d stage vs. flight velocity. X, (V)=const

Cd gotal =f (V) forL sym 2nd st= 180 mm

Predominantly
Laminar flow cases:

Predominantly
Turbulent flow cases:

CM. NOTE




1.3.4. Cd,,, Of 2"d stage = f(v) for X, = f(V).
Impact of a surface roughness

Case under
consideration for

Assumption:

numerical analysis:

Heights of roughness peaks under consideration:

1.h =0.5 mm:
11™ grade of finish. Rz = 0.25 mm
(from the range of Rz = 0.4 - 0.2 nm)
2. h =10 mm:
7t grade of finish. Rz =5 nm
(from the range of Rz = 6.3 - 3.2 mm (Ra = 1.25 - 0.63))
3. h =20 nmm:

6" grade of finish. Rz = 10 nm
(from the range of Rz =10 - 6.3 nm (Ra = 2.5-1.25)) '

SEE NOTE




1.3.4.1. Results of numerical analysis

Impact of body’s surface roughness onto Cdygtal
Cd total =1V} forLgT=10
L Z2nd st =180 mm (h=0.5, 10 & 20 pm )

The range of velocity The range of velocity values of

values of fully Laminar fully Turbulent flow (Xt=0)

hl‘ = .
(l |:E] I L ?Eﬁwhmﬂcﬂﬁ!!ﬂwﬁ]

B

\J/ _—

.,




1.3.4.2. Results review

1. Height of roughness peaks h = 20 nm:

Cd tota1=f
A. For low V - fully Laminar flow: total = f (V)
Re <Re, , X,=1

V - Y Re - Y Cdf!’f" ®Y Cdt"ta! ®
B. For V° V. (Re®° Re) (X;°10)

V = Y Re —u Y Xt®Y Cdfl’iC = Y Cdtotal =
The minimum is occurred at the

Cdtotal =f(V) graph

l.e. L Cdiyy (V) / WV = 0 for Re © Re,

C.ForV>V,;(Re>Re) (1> X,>0)

V = Y Re = Y Xt®Y CdfriC = Y Cdtotal

-

D. For Re,=0 (X;=0) - fully Turbulent flow:
V = Y Re = Y Cdfric ®Y Cdtotal ®

The maximum is occurred at the Cd,,,,, =f(V) graph
l.e. LCdyy (V) / BV =0 for X, =0

‘ ‘ E. Fully Turbulent flowforRe > Re" (Re,=0, X, =0):

V — Y Re = Y Cdfric ®Y Cdtotal ® 39
SEE NOTE




1.3.4.2. Results review (con't 1)

Cd total=f (V)

2. Height of roughness peaks h = 10 mm:

Qualitatively Cd,,., (V) plot for h = 10 mm is
similar to Cd,, (V) plot for h =20 mm.

However, X; =0 only at V=240 m/sec

3. Height of roughness peaks h = 0.5 mm:

Fully Laminar flow (X;=1).for the entire
rangeofV = 20 ¢é 240 m/ sec

However:

V = Y Re = Y Cdfric®
p Y Cdtotal .

CdBS_I =

l.e. L Cd g (V) / UV = 0 at some V

The minimum is occurred at the Cd,, =f(V) graph,

40

SEE NOTE




1.3.4.2. Results review (con't 2)

1. Value of Cd,,, is independent of the grade of surface

finish for the velocity ranges of fully laminar (X;=1)
and fully turbulent (X; =0) flow.

4l

General comments

R
h2 < h1

Cdtotal (hz) = Cdtotal (hl)

Cd total=f (V)

2. Forl>X;>0:

Lesser surface roughness resulsts in:
1. Vcrit (hz) > Vcrit (h 1)

2. VVelocity range for which 1> Xt >0 is widened
3. P Clygry (V) / IV ¥h=hy < P Cllygyy (V) [ BV ¥h1= h,

41

SEE NOTE




1.3.4.2. Results review (con't 3)

3. Forvelocities50 ¢é 150 inthé mmgeof Rz=0.25mm é

The most
possible impact
Y of a surface

Q) M a

the total flight

altitude Hg
DCdy (h=0.5mm and 20m)° 15%forV = 10,0 é140 m/ sec
b
D Cd,yeragei(h = 0.5 mMm and 20 mm) ° 10 %
b
DHg° 6 % 42

SEE NOTE




1.3.4.2. Results review (con't 4)

4. A progressive increace of Cd,, with surface roughness h

Cd tota) = flh), V=var

ACdtotallahy)

Cdgotal

=
=
et
(=3
=
=
o
-

llz Cdtotal (h) / p-hz >0

l.e. each subsequent equal decreasing of the surface roughness value
corresponds to a lesser decreasing of Cd,;y-

Each subsequent equal decreasing of Cd,.;,, may be achieved by increasingly
higher cost.

For Dh,= Dh,
b

Cdtotal (th) <D Cdtotal (Dhl)

2 43

D Hs(Dhy) <D Hs(Dhy) SEE NOTE




1.3.4.2. Results review (con't 5)

5. Paradox of an existence of the Cd,,(h) curve minimum

For fully laminar flow and V ° V

crit

Cdgs= 2 € ;3 Y C dgignificant impact of Cdggonto Cd,,,
h®Y Cd,, ® Cd ¢ot1 = f(h), V= var

o) r Y C:dtotal !

—\V=80m/sec

—V=100m/sec

h®YCdBS-I - J

—\V="140m/sec

- -V=140m/sec
{*} w/5 pm

The minimum is occurred at the Cdyg,, =f(h) graph,
i'e' I‘l CdtotaI (h) / IJh = O) fOF Ve Vcrit ™)

DESIGN and FABRICATION approaches combining

min Cd;,. (at min h) and min Cdgs IS hecessary 44

SEE NOTE




1.3.4.3. Practical conclusions

1. Make the external surface as smooth as possible

(with the lowest surface rougness).

i

BT
AL : ) >

2. Take into a consideration the type of the dependence Cd,,,(V)

while selecting engines parameters (burn time) for 2"d stages.

45

SEE NOTE




1.3.5. Cd,,, of 2"d stage = f(v) for X, = f(V).
Impact of the body-NC juncture groove dimensions

The case under consideration:

Assumption:

h/B=0.5

Results of numerical analysis:

L 2nd stage = 180 mm

Cd tota = f V), BT=0
for L eum 2nd St = 180 mm (h= 50, 100 & 200 ym)

100 150
V, misec

Practical conclusions:

Avoid presence of grooves / notches on the external surface or

make them minimal

46
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1.3.6. NC-loading effect onto Cd

total

DM - Y Position of CG move forward Y S, .®Y Cd . ®Y Cd ., ®

1. M, g (DM =0) = 15.4 g

2. NC is loaded with lead, density I Pb =11.34 g/cm”3

a7




1.3.6.1. NC-loading effect onto Cd total. Static case

Cd gotal =f (AM), forL sym 2nd St=180 mm

A loading of the
additional 2.5 g into the

——L-to-T: NC- top of NC decreases Cd,,
Cyl by 5.1% and 5.8% for
_ Turbulent and Laminar
e Bt flow respectively.

The rule of thumb:
Appl for SBJEJB
(UH /" H) /(pCd /'Ed) © (- 0.6)-(- 0.7)

And a 5% of the Cd decrease wi/ll Abring
altitude.

48
SEE NOTE




1.3.6.2. NC-loading effect onto Cd .- Dynamic effect

Simplified approach

of Model's motion

Model's motion in reality

49
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1.3.6.2. NC-loading effect onto Cd Dynamic effect

total*

Model's Motion under disturbances

Model's flight disturbances: Deviation from trajectory under
disturbances for statically stable and

unstable models

Statically
stable
model

X

- Statically -'
unstable
model

SEE NOTE




1.3.6.2. NC-loading effectontoCd ,,;,- Dy namic ef f ect

Measure of the inertia (at the rotation) - Moment of inertia with
respect to a specific rotation axis J,

m; & mass of an i-particle,
r; @ perpendicular distance from the axis a
of rotation to an i-particle

Model with additional load DM

Longitudinal moment of
inertia J :

‘]yl < ‘]y2

Aproxinate view of
trajectories for
models with
various J, values
Under disturbance M) 1"’-
idi stur ban
rejection:

SEE NOTE




1.3.6.2. NC-loading effectontoCd ,,;,, Dy namic ef f ect

Model without additional
load

Jyl < Jy2 Model with g'c\l/ldltlonal load

Model's angle of rotation gXQ :

Q; > Q,p

~

Angle-of-attack U ,.:

> , U

However:
Disturbance rejection time interval t

<t

rej:

t rej 1 rej 2

Average-integral value of Cd , , , during diSturbancei d i st u r begctione 0 s

Cdt ot £t|51)0< CXt ot Qtlsz)U

Therefore: DM - ? TBD
52

SEE NOTE




1.3.7. NC-top-rounding effect onto Cd total

Cdotal =f(rye top}-’ for L sym 2nd st= 180 mm

——L-to-T: NC-
Cyl

parab
Lnc ——————— -=—Lamin BIL

Altimeter's container : (Xt=1)

Larger R ¢ op Will @llow.moving forward altimeter and battery Y

Y Position of CG move forward Y S, . ®Y Cd ;. ®

However, larger R ycp Y Cd ¢ = and (DE€d ¢+ DCd () >0 Y Cd 4y -

Conclusion:

Keep the shape of NC totally parabolic. Just round the very top of it
(with aradiusaboutr=0.1- 0.2 mm) in order to avoid nonsymmetrical
jamming during handling and landing.

53
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1.3.8. Fins dimension

What ever method I s used to deter mi
(Barrowman equations or some software like Rocksim or...), and
whatever criterion is chosen as the stability margin in order to
determine finsdé total area, Ssome a
enlargement) should be done in order to take into account the
dynamic factors, to compensate the unknown factors and

different misalignments (see the par. 2. of the current PPP).

Some of these factors can be under control of a modeler, and

ot hers are out of control, for exa
fluctuations.

Did you ever wateh engineds static
You can see a slight fluctuation in the direction of the exhaust

gases backflow.

54



1.4. 1St stage geometry selection

1.4.1. Aft cone length / pitch cone angle

Boat tail cone half-angle (for conical shape) or local tangent angle (for

(‘FDo’)

parabolic shape) should not exceed critical level (Q crit =7.5).

Otherwise a flow separation will take place.

Cd base (model 1) ° Cd base (model 2)

That'is notjustatheory and text-books recommendations,

but proof from personal experience. -




i S Aft cone | ength [/ pit

Results of 6th WSMC-1985, Bulgaria

Podium S1A (L-R):

ILYIN Sergei (USSR) i 2nd

KORIAPIN Alexey (USSR) 1T 1st

BARBER Trip (USA)1 3 é

é (MI TI URI EV-6/). (USSR)

d

£
&
o
=
<

SEE NOTE




Results of 6th WSMC-1 9 8 5, Bul gar i a

llyin-Mi t 1 ur i e v 0 sfligmlmak €obastailvb s t
black coating) and flow reconstruction.

~ Body cylihder-aft cone jundction

line
.-—-""‘-/_

Point of . = (L critical angle
airflow
separation =

A\
Air-flow /
A A\

lines

Boundary line of
smoked zone

Delay smoke-flow —
lines

Fins omitted for clarity
57
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Recommendations for BT

1. In order to have a safety margin: Bull et6s BT pitec

aA con 51 = G max par gr =7~

2. For Conical BT: Practically, the sharp edge of the Cylinder-Cone
juncture has to be rounded considering:

- Stress-Strength issues ,‘ ‘_E
-Airfl owds t ur e r App|fﬂl‘$3fﬁf9

However, It will increase BT length (the body length with

a diameter < 40 mm).

58
SEE NOTE
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1. 4. 2. Mo del 6 ststageteagth) | engt h

2 models comparison:
L 2nd St =160 mm in both cases.

#2. L total =500 mm; Dbase =26.3mm (a=7")
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1. 4. 2. Model 6sistt atga! | leammg thh (X

Cd calculated for v = 40m/s ° V average for 1% stage
#1 - Cd total = 0.333 1st Stage Cd total composition:
#2 . Cd total = 0.327

Cdpase Cdfins2st  Cdfins 1 st Cdpase Cdfins2st  Cdfins 1 st

/cdgt  /Cdfrontcone ‘\CdBody (142)

Moreover, 4MO / ulL for 1St body = 1.3 €& 2.0 g/ dn

DCd total =- 1.6% and DMO =-1g:(or - 3%) Y
Y DV burnout 1st St = + 2%

E?&ﬁ!)lf\s/\i/BHh to make 15t stage longer in order to decrease BT base

diameter.

Make model as short as possible (500 mm). o

SEE NOTE




1.4.3. Boat Tail shape

Conical boat tail vs. Parabolic boat tail

#2 . Cd total =0.316

~ 3% drop in the value of Cd .,

despite of 26 % increase in BT base
diameter (from 26.3 mm to 33.1 mm) in
order to meet limitation a = 7.

conclusion:

Parabolic shape for BT is better than Conical.
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1.4.4. 1st stage Top Transitional Cone

1. Length.

Absence of data (reliable data) on Cd values of transitional (2"d-to-

15t stage) cone makes it impossible to perform preliminary analysis

on optimal division between lengths of Top Transitional Cone and

Boat Tall.

Issue of NTop Transitional Cone |

NTop Transisti onal Cone 1} @& 8D RV

2. Shape.

| will recommend Parabolic (not the Conical) shape.
It will have definitely a lower Cd value.
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1.4.5. Recommendations

1. Model (and 15t stage) is as short as possible (500 mm).

2.1 f you have an nextrao | ecariticadlh f or
level of a local tangent angle, a ;= 7.5 .

In order to have a safety margin:

d congr=a max par gr =7

3. Parabolic shape for BT and Transitienal Front Cone.
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. Alilgnment




2.1. Fins plane - centerline alignment

- Do not glue fins to body
Nnby eyeo. Us

Washer -
Screw M5 -
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2.2. Thrust vector 7 centerline alignment
(engine mount T centerline alignment)

- Pay attention to engine mount cyllidricity / variations in wall
thickness (especially for short tubes).

- For extreme accuracy use special assembly mandrel(s).
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