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1. Aerospace engineering education (MS). Working experience in the aerospace industry (both in 

laboratory and industrial environments).  
2. Member of USSR / Russian national team for 14 years (6 WCh; 5 WCh in S1). 

Personal achievements in S1: 1 European individual title; 2 individual ñsilverò medals at WCh. 

3. Author came from the world-top spacemodellig ñschoolò ï Laboratory of   

    Rocketmodeling of Moscow Palace of Children and Youth Creativity (Moscow  

    Center for Youth additional Education).                    

USSR / Russian team achievements in S1: 
- S1 is the most successful category (along with S7) among other events at the WCh 

    for the USSR / Russian team among other categories. 

Authorôs background 

S1 Individual WCh Medals S1 Team WCh Medals 

- USSR / Russian team is the most successful in S1 category in relation to other national teams  

   of the world. 

# Team

Total 

medals

1 USSR/RUS 4 2 1 7

2 YUG 2 0 2 4

3 USA 1 2 1 4

# Team

Total 

medals

1 USSR/RUS 6 6 3 15

2 SLO 3 1 3 7

3 USA 1 3 1 5

                                                                          Teacher / Leader / Coach ï Vladimir  

                                                                                                                         MINAKOV 
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3 pupils of the ñschoolò are on the tops of the 4 ranking-lists, based on 

ñOlympicò points: Individual ñgoldò ï 3 pts; ñsilverò ï 2 pts; ñbronzeò ï 1 pt: 

1.  

World Championships  

 

ILYIN Sergei 

(USSR/RUS)  2 

LEVYKH Alexander 

(RUS) 

2.  

European 

Championships  

9 

ILYIN Sergei  

(Moscow) 

3.  

Soviet Union 

Championships  

4.  

Russian 

Championships  

 

VORONOV Oleg 

(Moscow) 

6 

10 

Rank # 1-  

Rank # 1-  

Rank # 1-  

Rank # 1-  

3 

21 points: 

7 

21 points: 

1 1 

33 points: 

6 5 

44 points: 
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Forward Notes 
1. Some of the slides have remarks, explanations in the ñNotesò part of the PPP.  

                                                                   These slides are marked with  

2. All data are in metric: sketches dimensions ï millimeters (mm);  

    Altitude ï meters (m); mass ï in gram (g). 

3. The current presentationôs subject is Altitude models (S1).  

    However, some of the presented materials / conclusions are applicable  

    for other categories ï S3 / 6 / 9 and / or S5.  

5. 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. 

                   These cases are marked with    

These cases are marked with or 

4. Some of the data has been obtained from the book ñFlight Dynamics of Missilesò 

    by Lebedev A.A. and Chernobrovkin L.S.,  

    "Mechanical engineering", 1973. 

Data, obtained from this book, is marked with 

The same data is presented in the book  

«Sport Scale Models of Rockets» by Vladimir MINAKOV.  
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1. Model geometry selection. 
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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: 

One should select (optimize) geometry of the 2nd 

Stage and then optimize your 1st Stage based on the 

results.  

This also will simplify the process of the selection. You do 

not have to vary parameters for both stages. 
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1.1. Numerically simulated model of Cd total 
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1.1.1. Aerodynamic skin friction coefficient Cf  

Skin friction coefficient Cf vs. Re number and transition location Xt, M=0 
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1.1.1. Aerodynamic skin friction coefficient Cf (conôt) 

Graph interpretation of approximative dependence (2 Cf) vs. Re and Xt and 

comparison with the original sources: 
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1.1.1.1. Location of Laminar-to-Turbulent flow transition point Xt 

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

(critical Re value (Ret)): 
1. Roughness of external surface  

2. Single surface asperities 

3. MICRO-waviness  
                                   and MACRO-waviness of 

    external surface 
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1.1.1.1.1. Impact of a surface roughness onto critical Re value 

Graphical interpretation of the 

approximation for critical Re value 

Ret = f(value of surface roughness) : 
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1.1.1.1.2. Impact of single surface asperities onto critical Re value: 

Graphical interpretation of the 

approximation for critical Re value  

Ret = f(dimensions of single surface  

           asperities) : 



14 

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

Guess value of the impact: 

Ret (MICRO-waviness) = Ret (surface roughness, h = h cell) 
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1.1.1.1.4. Impact of the MACRO-waviness of external surface onto critical 

Re value 

Ret (MACRO-waviness) = Ret (surface roughness, h = h wave) 

Guess value of the impact: 
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1.1.1.1.5. Combined effect of the factors, affecting location of 

Laminar-to-Turbulent flow transition point Xt sum 

Guess value of the Xt sum : 

Where: 

 

Xt 1 ï location of transition point due to external surface roughness; 

Xt 2 ï location of transition point due to presence of single surface  

          asperities; 

Xt 3 ï location of transition point due to presence of external surface 

          waviness 

Xt sum = 1 - ((1- Xt 1)
2 + (1- Xt 2)

2 + (1- Xt 3)
2) 0.5  , 
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1.1.2.  Nose Cone CdNC 

A.  Cd for Parabolic NC with Generating line equation: 

Cd NC (M, ɚ) = ( 0.00517- 0.000933 * ɚ) * M + (0.0156- 0.00837 * ɚ) for ʄ < 0.6 : 

for  

0.6 < M < 0.8 : 

CdNC (M, ɚ) = (-0.012483 * ɚ + 0.152417) * M2 +  

                       (0.013225 * ɚ - 0.162125) * M + (-0.012374 * ɚ + 0.061071) 
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1.1.2.  Nose Cone Cd (conôt) 

B. In case of combination of 

Parabolic and Spherical NC shape 

(with Parabola and Sphere are 

tangent at the point of juncture): 
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1.1.3.  Boat Tail Cd 

A.  Cd for Conical BT: 

h=(r/R) 

 

Cd BT (ɚ; h) = ( 0.1456*ĥ 4 - 0.35003*ĥ 3 + 0.1313*ĥ 2 + 0.02458*h + 0.04855) 

     + (0.0161*ĥ 4 - 0.03418*ĥ 3 - 0.02388*ĥ 2 + 0.03734*h + 0.00462) * (2.0 - ɚ)  
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B. Cd for Parabolic BT with Generating line equation: 

h=(r/R) 

 

Cd BT (ɚ; h) = ( 0.3002*ĥ 4 - 0.6105*ĥ 3 + 0.2654*ĥ 2 + 0.0055*h + 0.0394 ) +  

    (-0.04694 *ĥ 4 + 0.04266*ĥ 3 - 0.01786*ĥ 2 + 0.02014*h + 0.002) * (2.0 - ɚ) 

1.1.3.  Boat Tail Cd (conôt) 
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Cf - Total skin-friction drag coefficient 

1.1.4. Body Base Cd. 
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1.2. Cases under consideration and assumptions 

    1.2.1. Assumption: min on Cd total (V aver) correspond to maximum of  

                                     flight altitude. 

Model's parameters, which provide 

min Cd total (V aver)  
correspond to parameters which provide 

max H flight 



23 

Assumption: 

CdS equal to sum of modelôs elements 

Cds (NC, body, BT, BS, fins) : 

 Cd S = S (Cd)i 

1.2.2. Additivity Concept for Cd total and Cd of the modelôs parts 
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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 pointôs Coordinate Xt  - at the 

Cylinder-BT juncture point. 

2. At the NC-Cylinder juncture point. 

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

      (Assumptions) 
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For the fulfilment of the condition: 

a max par BT = a con BT 

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

- Parabolic BT: r BS = 7.2 mm 
- Conical BT: r BS = 5.4 mm 

For 2nd stage (with engineôs OD = 10.2mm), LBT = 29mm 

In general: 

1.  For r con BS = r par BS 

        L par BT = 2 Ö L con BT 

2.  For L con BT = L par BT 

        r par BS = (R + r con BS) / 2 

1.2.4. BTôs shape (Parabolic boat tail   vs.  Conical boat tail) 
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-  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. 

1.2.5. Fins 
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1st stage: Cd total was calculated for  

                 V = 40 m/sec º Vaverage for 1st stage. 

1.2.6. Modelôs flight velocities for Cd total calculation 

2nd stage: Cd total was calculated for  

                 V = 80 m/sec º Vaverage for 2nd stage. 
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1.3. Numerical analysis results. 

2nd stage 
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Predominantly 

Laminar flow cases: 

Predominantly  

Turbulent flow cases: 

1.3.1.   Length of the 2nd stage 
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Conclusions: 

1. In the cases of predominantly Laminar flow: the longer 

    2nd stage (within reasonable length range) the lower the 

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

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

1.3.1.   Length of the 2nd stage (conôt 1) 
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Results for 2nd stage total length of L sum = 180 mm: 

Conclusions (conôt): 

1.3.1.   Length of the 2nd stage (conôt 2) 

3. For predominantly Laminar flow: 

    The 2nd stage without BT has a greater Cd total value than the stage  

     with BT, conical or parabolic (approximately 4-3 % respectively  

     greater). 

For predominantly Laminar flow : 

x t Cd fric Cd NC Cd BT Cd BS Cd fins Cd tot

No BT 1 0.047 -0.005 0 0.137 0.031 0.208

Parab BT 0.845 0.079 0.009 0.027 0.056 0.031 0.202

Conic BT 0.861 0.075 0.01 0.059 0.024 0.031 0.199
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Results for 2nd stage total length of L sum = 180 mm: 

Conclusions (conôt): 

1.3.1.   Length of the 2nd stage (conôt 3) 

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): 

For predominantly Turbulent flow : 

x t Cd fric Cd NC Cd BT Cd BS Cd fins Cd tot

No BT 0.146 0.152 -0.005 0 0.074 0.031 0.253

Parab BT 0.055 0.17 0.009 0.027 0.038 0.031 0.276

Conic BT 0.051 0.169 0.01 0.059 0.016 0.031 0.285
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5. For predominantly Laminar flow: 

    The 2nd stage with parabolic BT has a greater Cd total value than  

     the stage with conical BT. However, the difference is very small -  

     about 1 %. 

 

    For predominantly Turbulent flow: 

    The 2nd stage with parabolic BT has a lower Cd total value than the  

    stage with conical BT, approximately 3 % lower. 

Conclusions (conôt): 

1.3.1.   Length of the 2nd stage (conôt 4) 
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1.3.2.   Length of the 2nd stage BT 
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Conclusion: 

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

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

1.3.2. Length of 2nd stage BT (Conôt) 

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

    completely remove this issue.  
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1.3.3. Cd total of 2nd stage vs. flight velocity. Xt (V)=const 

Predominantly  

Laminar flow cases: 

Predominantly  

Turbulent flow cases: 
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1.3.4. Cdtotal of 2nd stage = f(v) for Xt = f(V). 

 Impact of a surface roughness 

Case under 

consideration for 

numerical analysis:  

Heights of roughness peaks under consideration: 

3. h = 20 mm: 

                             6th grade of finish. Rz = 10 mm  

                             (from the range of Rz = 10 - 6.3 mm (Ra = 2.5-1.25)) 

Assumption: 

1. h = 0.5 mm: 

                           11th grade of finish. Rz = 0.25 mm  

                            (from the range of Rz = 0.4 - 0.2 mm) 

2. h = 10 mm: 

                             7th grade of finish. Rz = 5 mm  

                             (from the range of Rz = 6.3 - 3.2 mm (Ra = 1.25 - 0.63)) 
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1.3.4.1. Results of numerical analysis 
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1.3.4.2. Results review 

1. Height of roughness peaks h = 20 mm: 

A. For low V - fully Laminar flow: 

    Re < Ret , Xt =1 

V ¬ Ý Re ¬ Ý Cdfric ® Ý Cdtotal ®  
B. For V º Vcrit (Re º Ret) (Xt º1

(-)) 

The minimum is occurred at the  

Cdtotal =f(V) graph  

i.e. µ Cdtotal (V) / µV = 0 for Re º Ret 

V ¬ Ý Re ¬ Ý Xt ® Ý Cdfric ¬ Ý Cdtotal 

¬ 

C. For V > Vcrit (Re > Ret)     (1> Xt >0) 

V ¬ Ý Re ¬ Ý Cdfric ® Ý Cdtotal ® 
D. For Ret=0 (Xt =0) - fully Turbulent flow:  

V ¬ Ý Re ¬ Ý Cdfric ® Ý Cdtotal ® 

E. Fully Turbulent flow for Re > Re* (Ret=0, Xt =0): 

The maximum is occurred at the Cdtotal =f(V) graph 

i.e. µ Cdtotal (V) / µV = 0 for Xt =0 

V ¬ Ý Re ¬ Ý Xt ® Ý Cdfric ¬ Ý Cdtotal ¬ 
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1.3.4.2. Results review (con't 1) 

2. Height of roughness peaks h = 10 mm: 

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

i.e. µ Cdtotal (V) / µV = 0 at some V 

Qualitatively Cdtotal (V) plot for h = 10 mm is 

similar to Cdtotal (V) plot for h = 20 mm.  

However, Xt =0 only at V=240 m/sec 

3. Height of roughness peaks h = 0.5 mm: 

Fully Laminar flow (Xt =1) for the entire 

range of V = 20 é 240 m/sec 

However: 

V ¬ Ý Re ¬ Ý Cdfric ®  
Þ  Ý 

CdBS ¬ ¬ 

Cdtotal ¬ 
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1.3.4.2. Results review (con't 2) 

General comments 

1. Value of Cdtotal is independent of the grade of surface  

     finish for the velocity ranges of fully laminar (Xt =1)  

3. µ Cdtotal (V) / µV ¼h=h2  <  µ Cdtotal (V) / µV ¼h= h1 

and fully turbulent (Xt =0) flow. 

h2 h1 < 

Cdtotal (h2) = Cdtotal (h1)  
2. For 1 > Xt > 0: 

Lesser surface roughness resulsts in: 

1. Vcrit (h2) > Vcrit (h1) 

2. Velocity range for which 1> Xt >0 is widened  
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1.3.4.2. Results review (con't 3) 

3. For velocities 50 é 150 m/sec (in the range of Rz = 0.25 mm é  10 mm): 

V02~ 70 m/sec Vburn 2 
Vcoastal 2 Vaverage 2 ~ 80 m/sec 

Ý 

The most 

possible impact 

of a surface 

roughness onto 

the total flight 

altitude HS 

D Cdtotal (h = 0.5 mm and 20 mm) º 15 % for V = 100 é140 m/sec 

Þ 

Þ 

D Cdaverage ñ (h = 0.5 mm and 20 mm) º 10 % 

D HS º 6 % 
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1.3.4.2. Results review (con't 4) 

4. A progressive increace of Cdtotal with surface roughness h 

µ2 Cdtotal (h) / µh2 > 0 

Þ 

I.e. each subsequent equal decreasing of the surface roughness value 

corresponds to a lesser decreasing of Cdtotal. 

For  Dh2 = Dh1 

Cdtotal (Dh2) < D Cdtotal (Dh1) 

D HS (Dh2) < D HS (Dh1) 

Þ 

Each subsequent equal decreasing of Cdtotal may be achieved by increasingly 

higher cost. 
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1.3.4.2. Results review (con't 5) 

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

h ® Ý Cdfric ® 

For fully laminar flow and V º Vcrit 

CdBS = 2 é 3 Cdfric  Ý significant impact of CdBS onto Cdtotal 

h ®Ý CdBS ¬¬  
 Ý Cdtotal ¬ 

The minimum is occurred at the Cdtotal =f(h) graph, 

i.e. µ Cdtotal (h) / µh = 0) for V º Vcrit 
(+) 

DESIGN and FABRICATION approaches combining  

min Cdfric (at min h) and min CdBS is necessary 

Þ 
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1.3.4.3. Practical conclusions 

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

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

1. Make the external surface as smooth as possible  

    (with the lowest surface rougness). 
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1.3.5. Cdtotal of 2nd stage = f(v) for Xt = f(V).  

Impact of the body-NC juncture groove dimensions 

Assumption: 

Results of numerical analysis: 

h / B = 0.5 

Practical conclusions: 
Avoid presence of grooves / notches on the external surface or 

make them minimal 

The case under consideration: 
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D M ¬ Ý Position of CG move forward Ý S fins ® Ý Cd fins ® Ý Cd total ® 

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

 

1. M 2
nd

 Stage (D M =0) = 15.4 g 

1.3.6.   NC-loading effect onto Cd total 
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A loading of the 

additional 2.5 g into the 

top of NC decreases Cdtot 

by 5.1% and 5.8% for 

Turbulent and Laminar 

flow respectively. 

And a 5% of the Cd decrease will ñbringò at least an additional 3% in the flight 

altitude. 

The rule of thumb: 

(µH / H) / (µCd / Cd) º (- 0.6)-(- 0.7) 

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

of Model's motion 

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

Model's motion in reality 
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1.3.6.2. NC-loading effect onto Cd total. Dynamic effect (Conôt 1) 

Model's Motion under disturbances 

Model's flight disturbances: Deviation from trajectory under 

disturbances for statically stable and 

unstable models 
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1.3.6.2. NC-loading effect onto Cd total. Dynamic effect (Conôt 2) 

Measure of the inertia (at the rotation) - Moment of inertia with 

respect to a specific rotation axis Ja 

mi ð mass of an i-particle, 

ri ð perpendicular distance from the axis  a 

       of rotation to an i-particle 

Model without additional 

load  
Model with additional load DM 

Aproxinate view of 

trajectories for 

models with 

various Jy values 

under disturbance 

ï disturbanceôs 

rejection: 

Longitudinal moment of 

inertia Jy :  

Jy1 < Jy2 
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1.3.6.2. NC-loading effect onto Cd total. Dynamic effect (Conôt 3) 

Model without additional 

load 
Model with additional load 

DM 
Jy1 < Jy2 

Model's angle of rotation ȹQ : 

ȹQ1  >  ȹQ2 

Average-integral value of Cd total Ú during disturbance ï disturbanceôs rejection: 
 

Cd total Ú (tS 1) < Cx total Ú (tS 2) 

Angle-of-attack Ŭmax: 

Ŭ1  >  Ŭ2 

However: 
Disturbance rejection time interval t rej: 

t rej 1 < t rej 2 

Therefore:               DM - ? 
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Larger R NC top will allow moving forward altimeter and battery Ý 

Keep the shape of NC totally parabolic. Just round the very top of it 

(with a radius about r = 0.1 - 0.2 mm) in order to avoid nonsymmetrical 

jamming during handling and landing. 

Conclusion: 

1.3.7. NC-top-rounding effect onto Cd total 

However, larger R NC top Ý Cd NC ¬ and  (DCd NC + DCd fins) >0 Ý Cd total ¬. 

Ý Position of CG move forward Ý S fins ® Ý Cd fins ®. 
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Whatever method is used to determine a modelôs stability 

(Barrowman equations or some software like Rocksim or...), and 

whatever criterion is chosen as the stability margin in order to 

determine finsô total area, some adjustment (fins area 

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 

others are out of control, for example, the engineôs thrust 

fluctuations.  

Did you ever watch engineôs static tests?  

You can see a slight fluctuation in the direction of the exhaust 

gases backflow. 

1.3.8.  Fins dimension 
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1.4.1.  Aft cone length / pitch cone angle 

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

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

 

Otherwise a flow separation will take place. 

Cd base (model 1) º Cd base (model 2) 

That is not just a theory and text-books recommendations,  

but proof from personal experience. 

1.4.   1st stage geometry selection 
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Rear ejection system 

Ilyin-Mitiurievôs models 

Korjapinôs model 

Traditional front ejection system 

Podium S1A (L-R): 

ILYIN Sergei (USSR) ï 2nd  

KORIAPIN Alexey (USSR) ï 1st   

BARBER Trip (USA) ï 3rd é  

é (MITIURIEV A. (USSR) - 6th) 

Results of 6th WSMC-1985, Bulgaria  

1.4.1.  Aft cone length / pitch cone angle (conôt) 
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Results of 6th WSMC-1985, Bulgaria (conôt)  

Ilyin-Mitiurievôs models Post-flight look (boat tail w/ 

black coating) and flow reconstruction. 
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2. For Conical BT: Practically, the sharp edge of the Cylinder-Cone  

    juncture has to be rounded considering: 

 

   - Stress-Strength issues 

   - Airflowôs turn smoothing 

 a con BT = a max par BT = 7  ̄

Bulletôs BT pitch cone angle: 
1. In order to have a safety margin: 

Recommendations for BT 

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

    a diameter < 40 mm).  
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ñTHERE ARE NO TRIFLES  

  IN THE AEROSPACE INDUSTRY !ò 

òlyrical digressionò 
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ñProtonò  flight  testing 

ñPROTONò rocket vs. Nut  
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2 models comparison: 

 L 2nd St = 160 mm in both cases. 

#2. L total = 500 mm; Dbase = 26.3 mm (a = 7 )̄  

#1. L total = 568 mm; Dbase = 18 mm (a = 7 )̄ 

1.4.2. Modelôs total length (1st stage length) 



62 

Moreover, µ M0 / µ L for 1st St body = 1.3 é 2.0 g/dm 

#1 : Cd total = 0.333 

Cd calculated for v = 40m/s  º V average for 1st stage 

#2 :  Cd total = 0.327 

1st Stage Cd total composition: 

Conclusion: 
It is not worth to make 1st stage longer in order to decrease BT base 

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

1.4.2. Modelôs total length (1st stage length) (conôt) 

 

D Cd total = - 1.6%  and  D M0 = - 1 g (or - 3%)  Ý   

 Ý D V burnout 1st St = + 2% 
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#1 : Cd total = 0.327 #2 : Cd total = 0.316 

~  3% drop in the  value of Cd total 

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. 

Conical boat tail vs.   Parabolic boat tail 

1.4.3.    Boat Tail shape 
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1. Length. 

 

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

   1st stage) cone makes it impossible to perform preliminary analysis  

    on optimal division between lengths of Top Transitional Cone and  

    Boat Tail. 

    Issue of ñTop Transitional Cone length vs. Boat Tail lengthò is open. 

    

   ñTop Transitional Cone length vs. Boat Tail lengthò   -   ? 

2. Shape. 

 

     I will recommend Parabolic (not the Conical) shape.  

     It will have definitely a lower Cd value.  

1.4.4.  1st stage Top Transitional Cone 
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1. Model (and 1st stage) is as short as possible (500 mm). 

2. If you have an ñextraò length for boat tail, do not exceed critical  

    level of a local tangent angle, a crit = 7.5 .̄  

     

    In order to have a safety margin: 

             a con BT = a max par BT = 7  ̄

3. Parabolic shape for BT and Transitional Front Cone. 

1.4.5.   Recommendations 
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2. Alignment 
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- Do not glue fins to body 

  ñby eyeò. Use fin Jig 

2.1.   Fins plane - centerline alignment 
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- Pay attention to engine mount cyllidricity / variations in wall  

  thickness (especially for short tubes). 

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

2.2.   Thrust vector ï centerline alignment 

         (engine mount ï centerline alignment) 




