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Development and Validation of a 
Conceptual Design Algorithm for 

Expander Cycle Engines  

This article presents a novel and comprehensive approach to 
conceptual design of expander cycle liquid engines. One advantage of 
the computational code developed is the possibility of considering the 
working regime without cavitation of pumps by maximizing specific 
impulse of the engine system. Based on the proposed algorithm, the 
steady state regime of the mathematical modeling engine becomes 
static. This is important to increase reliability and to reduce costs 
during conceptual design phase, as well as optimization. One of the 
factors affecting the reliability of a system is its simplicity, which 
eliminates complexity. Here, the generator has been eliminated. In 
addition to the dimensional and functional estimations of the engine 
system, the proposed algorithm examines the performance of the 
propulsion system (engine specific impulse, turbine efficiency, and 
pumps) at various work stations. The computational algorithm of the 
static mathematical model was developed in Microsoft Visual Studio 
language.  

Keywords: Example Cycle, Conceptual Design, System Functional and 
Dimensional Estimation, Nominal Regime, Mathematical 
Modeling 
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1 Isp (s) 377/439  600/455  416/1
2  )(kg/seng.m  936/16  750/16  100/1-
3 Pcc (MPa) 582/32  424/32  484/0 -
4  Ae/At  578/60  000/61  696/0
5  )2At (m  012/0  013/0  824/8
6  )(MPaFP-dP  680/71  582/73  654/2
7  )(MPa OP-dP  614/45  810/42  148/6 -
8  )/s3(mFPQ  040/0  040/0  060/0-
9  )/s3(mOPQ  012/0  013/0  775/1
10 )/s3(mFPH 10,438 10,594 497/1
11 )/s3(mOPH 407 369 408/9-
12 )(KWFPP  739/481  603/501  123/4
13)(KWOPP  047/83  858/78  044/5 -
14)(KWTP  785/564  910/587  094/4

15Fu/ Pump 
Nr(rad/s) 

3, 338/289  3, 052/289  265/0

16Ox. Pump 
Nr(rad/s) 

1, 118/305  1, 263/319  084/1

17Tur. Pump 
Nr(rad/s) 

459/344  372/345  265/0
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1 )/s3(mFPQ 040/0  040/0  060/0 -  

2  )/s3(mPFH1/5219  5172 9/0  

3 )WK(FPP 8/240  8/250  123/4  

4  )(m/s 2u  65/280     

5  )(m/s 1u 89/83     

6  )(m/s m2C43/15     

7  )(m 2d  170/0  1795/0  1/5  

8  )(m 1d  051/0     

9  )(m 2b  0056/0  0058/0  9/2  

10  )(m 1b  0357/0     

) 3:(           
]  3.[  

  

  
  

 
  

  
 

  
   

1 )/s3(mFPQ  0123803/0  0126/0  77/1  

2  )/s3(mPFH 8/074  5/369  40/9 -  

3 )WK(FPP 3/111  75/105  04/5 -  

4  )(m/s 2u  04/73       

5  )(m/s 1u 28/33       

6  )(m/s m2C84/5       

7  )(m 2d  112/0  1067/0  67/4 -  

8  )(m 1d  051/0       

9  )(m 2b  007/0  006375/0  31/9 -  

10  )(m 1b  0058/0       

  

) 4:(           
] 3.[  

     
1 )(m/s oC 45/730  6/756  6/3  

2 )(m/s mU  350 56/346  98/0 -  
3 o/CmU  479/0  4581/0  39/4 -  
4 .tur  75/0  735/0  2 -  

5 )(KJ/kg oW 78/266  28/286  31/7  

6 )(mturD  147/0  149/0  8/1  
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