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Introduction
There are several stages of design work of the liquid rocket engine device (LRED). Labor-intensive works are fulfilled at the early stages of design work, because it is necessary to choose scheme, propellant, main parameters of the LRED and to coordinate these parameters with characteristics and flight mission of the vehicle. 

Labor intensity of this calculation is defined by next conditions:

· by requirement to examine several propellants;

· by requirement to look through different LRED schemes for valuation its efficiency , cost and reliability

· by requirement to optimize of LRED main parameters : thrust P , mass ratio Km, combustion chamber pressure pch, expansion ratio in the nozzle ε =
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For the realization of this works the variant calculations of the real energetic characteristics of LERD (in particular real specific impulse, necessary reserves of propellant) and mass characteristics of LERD (own engine, tanks, pressurization system, control system and so later) are necessary to have. Therefore the automatic interactive system based at interaction of qualified designer and possibilities of computers and oriented at solution of the tasks connected with choice of the scheme and main parameters of LRED is to interest. Developed in Moscow Aviation Institute the programmed complex “FORDU” lets to decide this tasks at personal computers IBM/PC. 

Criteria of the efficiency

 Modern LERD is complete technical system and therefore the system:

· technical method is required for the analyze of this type system . As criteria of the efficiency in system “FORDU”.

· payload mass mp.m. for space application of LRED.

· increment of payload ∆mp.m. for atmospheric vehicles .

mp.m. = mo exp [-(∆Vch+∆Vgrav)/Irsp  ]-Σmdes i

∆Vgrav i = ∆Vл.а. i (Iпу)2 µ/ 24noi2 (HH+r3)3[1-exp(-∆Vл.а. i / Iпу)]2

∆mp.m.= dmp.m. /dIsp
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 ∆mdes(P,pch,ε,km)+ (dmp.m. /dP)∆P+ (dmp.m./ dmT )∆mT 

Where: mo              -start mass of space ship 

             ∆Vch    -characteristic velocity for given task

             ∆Vgrav -gravitational losses of velocity

             mdes           -mass of the design component  

             Irsp           -real specific impulse

             dmp.m./dIsp, dmp.m/dmdes, dmp.m./dP, dmp.m./dmT - the ballistic derivatives equivalents of payload mass at specific impulse, mass design, thrust and mass of propellant accordingly. 

 Presence of the criteria maximum is explained by together influence of LRED energetic and mass characteristics (as a function of the engine parameters P, pch, ε, km).

Energetic characteristics of LRED

Real specific impulse I2sp of LRED combustion chamber is defined using next formulas:

Irsp = Ithsp ·φch· φn· φn=1-ξfr- ξdes- ξun

Where :

Ithsp(km, pch, ε) - thermodynamic value of specific impulse 

φch                -losses coefficient of specific impulse in combustion           chamber

          φn                 -losses coefficient of specific impulse in the nozzle 

        ξfr, ξdes, ξun        - losses coefficient of specific impulse in the nozzle at friction ,dispersion and unequilibrium  process of  expansion. 

The programmed complex “Astra-M” was used for calculation of the theoretical value of specific impulse Ithsp. The theoretical specific impulse Ithsp, characteristic value C*, index of isoentrope of expansion n, combustion products temperature Toch are used as output information for system “FORDU”. The program of spline-interpolation of this value (as functions of working process parameters pch, ε, Km) is used during the calculation. There are massifs of the thermodynamic characteristics next propellant in the library of “FORDU” system:

· H2 + O2 
· CH1,956 + O2
· (CH3)2N2H2 + N2O4
· CH4 + O2
· CH1,956 + HCHP (high concentration hydrogen peroxide)

The real specific impulse for engine with turbopump and without after burning of generation gas is defined on next formula: 

 Irsp =gch∙ Irsp ch+(1- gch) ∙ Ispcont.n

Here:

            Irsp ch                        - real specific impulse for chamber and control nozzle accordingly 
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T    - relative mass flow rate in the chamber   
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ch                             - mass flow rate for combustion chamber
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T                              - mass flow rate for turbine

Mass characteristics for LRED

Mass of LRED is defined as sum mass of different units and machines. Masses of separated machines are introduced as function of regime parameters (P, PK, ε, Km) and coefficients of proportionality are defined from statistical data for different schemes of the engines [1].

Dry mass of LRED is defined by next formula:

mLRED = meng+Σmti+ Σmpress.sys.+ mres + mst
Where :    meng   - mass of the engine

                mti     - mass of the tank

                mpr.s.  - mass of the pressurization system

                mres    - mass of the reactive control system

                mst     - mass of the streamline 

For example:

                meng =mch+mTP+mε(P)

Where:     mch     - mass of combustion chamber

                 mTP   - mass of the turbopump 

mε(P) -mass of the other units in dependence from the engine thrust (pipelines, gas generator, regulators, frame of engine ).

For example, mass of combustion chamber for the engine with after burning of generator gas may be obtained, using the next formula:
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The possibilities of the automatic interactive system “FORDU”

Interactive system  “FORDU” may be used at early stages of design work of LRED (in design bureau research institutes) and in education process for high school. “FORDU” was used for the solution of the next tasks:

1. Choice of the LRED scheme and peculiarities of its feed system. 

2. Choice of the propellant for given flight mission of the vehicle. 

3. The optimization main parameters of LRED (P, pch, ε, km).

4. The comparison of the different variants of selected scheme with different composition of the units its parameters and efficiency coefficient.

Scheme solution of LRED

“FORDU” lets calculate four main scheme of LRED for given flight mission of the vehicle. This scheme are shown at Fig. 1-4:

1. Scheme with expansion feed system (Fig.1)

2. Scheme LRED with turbopump and after burning of generator gas (Fig.2)

3. Scheme LRED with turbopump without after burning of generator gas (Fig.3)

4. Without gas generator scheme of LRED (Fig.4)
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Fig. 1
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Fig. 2
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Fig.3
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Fig. 4

System “FORDU” lets to calculation mass and energetic characteristics LRED of different scheme and to compare its using criteria mp.m. or Δmp.m. For any scheme the optimal parameters will obtained. Next improvement of choosing scheme is possible with help of variations several tens input data, connected with regime and design peculiarities of LRED mission. System “FORDU” is opened for future improvement its possibilities for analysis of different scheme solution of LRED. In particular, the programs calculation of the regenerative cooling of the combustion chamber are developed, balance of the power for turbopump for the definition of the limited combustion chamber pressure.  

System “FORDU” after the development in 1992 year was improved continuously. Last version was reworked seriously three year ago. Last complex is developed using programm language “Fortran” and “C”. It has user-friendly interface like most of the Windows – based applications.

Input data

The optimization of the LRED parameters uses 97 different input data. In connection with this two regimes of edition where realized. In the first regime main parameters, characterized scheme vehicle and LRED and propellant are introduced at the screen. At the second regime all used parameters are become comprehensible. Its where separated at 9-groups, any from this was introduced at own page. For the admittance to some group it is necessary to activate corresponding title. The first regime is useful to estimate the influence of some of the main parameters on the effectives of the scheme. The second mode is useful during the development of the new scheme.

The input data are separated at 5 groups:

1. The task characteristic for vehicle                                      – 6 values 

2. The signs of the scheme solutions and its peculiarities      – 5 values 

3. The reginse parameters LRED                                           –31 values 

4. Design parameters of LRED                                              – 34 values

5. The properties of materials, gases and propellant

The first group of input   data defenses flight task of the vehicle: start mass of the vehicle, propellant mass for the reactive control system, maximum over load (at all phases of the flight), necessary increment of the velocity for the fulfillment of flight task (or initial or final height of orbits).

The second group of input data reflects the signs of schemes solutions: one from four possible schemes (Fig. 1-4), presence or absence of oxidizer and fuel booster turbopumps, the sign of separated or common feed system, type of the engine cooling and combustion efficiency coefficient.


The third and fourth groups of input data (65 regime and design parameters of LRED) reflect main sense load and imply participation of the qualified user. Right choice of this data lets, at first, to reflect real level of numerous regime parameters of LRED and, at the second, expel of work capacity calculations for its definition.   This groups of initial data let to resize the investigation of influence regime and parameters of LRED efficiency.

The fifth group of input data is reference material in general and contents real properties of design materials, components of propellant, gases for pressurization system.

After finish of the edition the user may begin calculations, optimization and construction of graphics. Corrected data may be kept at file.

The possibility of the calculation one point together with the global optimization, using given criteria, is important merit of the system.  The diapason of changeable data and necessary accuracy must be given. The optimization results are the values of input parameters in optimal point and decomposition mass characteristics of LRED. As an example the LRED optimization results are shown for diapason of parameters:

P = 3000-7000 kg, Pch = (50-150)*105 Pa, km = 5-8, ( = 3000-9000

m0 = 20000 t, propellant – O2 + H2 

The results:

P = 4495.34 kg, Pch  = 147.9 *105 Pa, km = 7.56, ( = 5370.7.

Мutil = 3136.886, Мeng = 196.178, Мfuel=13218.998,

Isp = 4438.866, Mbo = 865.842, Mbg = 1545.320,

Мobt = 311.766, Мbaloon = 409.981, Мgas = 66.760.


For visualization of the dependences mp.m., (mp.m. = f(P, Pch, Pa, km, () it is necessary to set diapasons for input data and quantity of the points on graph.

The possibility of the representation at the one field several graphs let to realize qualitative and detail analysis and comparison of different schemes by variation of input data. The dependences increment of payload mass (mp.m. from main engine parameters (P, Pch, Pa, km, () are shown at Fig. 5.
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Fig. 5

Example of the use of the automatic interactive system “FORDU”

The transference of the vehicle with LRED with low supporting orbit at geostationary orbit was examined as an example. Only one scheme of LRED (with afterburning gas) was looked throw. It is necessary to compare different propellants on efficiency.

Input data

Start mass of space ship is 20000 kg, it corresponds to transportation of this vehicle by carrier rocket “Proton” at low supporting orbit. Total necessary velocity of bepulse transference is Vch = 4500 m/s, propellant mass of reactive control system regarding mass center of space ship if 365 kg. Maximum overload 

nxmax = 4,3 corresponds the conditions of transference by given carrier rocket. As possible propellants may be used:

H2L + O2L,

CH1,956 + O2L, 

(CH3)2N2H2 + N2O4,  

CH1,956 + 98% H2O2 

It is necessary to examine also the influence of characteristic velocity Vch at the values of main optimal parameters LRED and its efficiency (mpm).

The results of calculation and discussing


The change of the payload mass as function of the regime parameters P, pch, ε, km is introduced for any propellant at FIG. 6-9. Payload mass transported by space ship with low supporting orbit at geostationary orbit is changed from 

3908 kg (H2L + O2L) till 2408 kg (CH1,956 + 98% H2O2). Optimal thrust is (4-6)*103 kg. Optimal combustion pressure – (130-250)* 105 Pa, optimal expansion ratio at all cases was from 3400 till 8951 (right boundary of the variable interval).


During the variation of characteristic velocity from 3000 m/s till 4500 m/s (it is connected with the choice of the transference time) payload mass changes from 7700 kg till 4459 kg.

Conclusions

1) The automatic interactive system “FORDU” for the choice of the scheme, propellant and fundamental parameters of LRED at early stages of design works was developed.

2) System “FORDU” is based at interaction of qualified designer and possibilities of computer. During this interaction the energetic and mass characteristics of LRED as the function of its regime parameters (P, Pch, Pa, km, () are used. 

3) It is recommended to use system FORDU for design work in design bureaus, research institutes and in education process at high schools.
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