
Launch vehicle sizing  

To design a vehicle which can give 9000m/s for 1 kg payload 

1 kg payload mass is selected for normalisation for the  

Actual payload mass requirement 





• More the stage – less inert mass fraction 

• Complexity and cost of development 

• Choose the minimum number stages that is 

practical 

• Choose different number of stages and 

optimum can be arrived at 

Step 1 – choose the number of stages 









Step 2 – choose the type of propellant 

• Denser propellant for lower 

stages – lower ISP but lesser 

inert mass fraction 

• But many other factors 

decide 

• Determination of average 

propellant density – Add the 

volume – Divide total 

propellant with total volume 



Different possibilities of combinations 



• Dispersion is large 

• Depends on the complexity, type of propellant 

• Design philosophy -  conservative or aggressive 

Step 3 - Selection of inertial mass fraction for each stage 







Step 4 - Allocate ∆V to each stage 

Allocate ∆V fraction to each stage 

 

In general form ∑ ∆V i  =  f i * V total  = 1 



Size the stages and the vehicle 

Sizing starts with the upper most stage and working down  

stage by stage downwards 

 

Given the payload mass, inert mass fraction, ∆V, ISP  

--- propellant Mass, inert mass and the total mass at the  

start of the stage 

 

This mass becomes the payload mass of the succeeding  

lower stage 

 

This process continues 

 
 



Example – two stage LV using LH2 – LOX for 1kg P/L 

First stage ∆V fraction – 46%  Second stage ∆V fraction – 54% 

ISP of 435 seconds 

Stage 2 - Mass of propellant – 2.779 kg 

                Mass of inert         – 0.309 k 

Payload mass                         - 1 kg 

Total weight (including P/L) - 4.008 kg 

 

Stage 1 - Mass of propellant – 9.066 kg 

                Mass of inert         – 0.952 kg 

 

Total weight at lift off           - 14.106 kg 



Step – 5 Optimisation of ∆V fraction – Iteration method 

Consider a two stage vehicle 

 

Select the range of ∆V fraction f 1 for the first stage – say f 1-start to 

f 1–end with step ∆ f 1  - like 0.45 to 0.55 with 0.1 increment 

 

Select f1 as f1 start (lowest range) 

 

f2 is (1 – f1) 

 

∆V1  = f1 * ∆ V total   ∆V2 =  f 2 * ∆ V total 

 

Calculate the initial mass – lift off mass 

 

Increment f 1 with ∆ f 1 and repeat 

 

Plot f1 versus initial mass 





For three stage vehicle – three fractions for are  

f 1, f 2 and f 3 

 

f 3 = 1  - f 2 – f 1 

 

By iterative method, we can find minimise these values 





Three stage analysis            12.3kg                  47.4 kg  

PSLV has 5 stages due to many solid stages – not considered optimum      


