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What is NPSS? 

Numerical Propulsion System Simulation (NPSS) is an object-

oriented, multi-physics, engineering design and simulation 

environment that enables development, collaboration and seamless 

integration of system models 
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NPSS Applications 

NPSS was developed by NASA for aircraft propulsion… However, 
NPSS is: 

Refrigeration Cycles 

Power Cycles 

Vehicle Emission 

Analyses 

 C++ based tool 
 Flow-network solver 
 Elements based model 

3 



  .א"התעובכתב של   מראש  אלא על פי הסכמה, או לעשות בו שימוש כלשהו, אין להעתיק לשכפל ולגלות תוכן מסמך זה כולו או חלקו. זכויות קניין במידע שבמסמך זה  מ"לתעשייה האווירית לישראל בע
 מפעל מנועים -ס"בלמ-

Heat Exchanger Example 

What would be the effectiveness to achieve a desired cold stream outlet 
temperature of 900R using conditions from diagram?  

Treq=900R (226ᵒc) 

Initial guess 

1) Build a model 
2) Use a solver (iteration):  

Constraint (Limit) Dependent  (target) Independent (variable) 

99% max. FeCold Temp. Hx Effectiveness 
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Heat Exchanger Example - Model 
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Heat Exchanger Example – Solver Setup 
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Heat Exchanger Example – Results 

Case 1- Nominal 

Effect=0.9 

TFeCold=953R 

Case 2- 900R 

Effect=0.78 

TFeCold=900R 

Case 3- 1000R 

Effect=0.99 

TFeCold=995R (280ᵒc) 
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No solver setup Solver constraint active, 

1000R isn’t feasible 
Low Hx. eff. for 900R 
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Turboshaft Aero Engine Example 

FusEng 

Amb 
BrnPri 

RedGR 

ShH(N2) InEng FsEng  
Flow 

End 

Power 

Turb 

Gas 

Prod 
Cmp 

Perf  

ShL(N1) 

Flow 

Mechanical 
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Turboshaft Example – Model Definition 

Notable Design Point Input 

11.2 [lb/sec] Engine Air Flow 

7.14 Engine Pressure Ratio 

0.798 Compressor Isent. Effi. 

1021ᵒc Turbine Inlet Temp. 

1400hp Output Shaft hp 

0.615[lb/hr/hp] SFC 

22.3% Thermal Efficiency 

1400hp Output Shaft hp 

Solver Variables 

Constraint Dependent  Independent 

-- T4=1021ᵒc Fuel Flow 

-- hp=1400 Red.Gr trq 

-- ShL trq=0 Gas Prod. PR 

-- ShH trq=0 Power Turb. PR 
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Model Definition 
• Dual spool turboshaft 
• No bleeds required (T/O design point) 
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Power Generation Cycles Example 

FusEng 
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BrnPri 

Generator 

ShH(N2) Flow 

Start 

Flow 
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Power 
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Qin 

Amb 
Duct 

Generator 

ShH(N2) Flow 

Start 

Flow 

End 

Power 

Turb 

Gas 

Prod 
Cmp 

Perf  

ShL(N1) 

Flow 

Mechanical 

 Modular Input Files 

 Object Oriented Programming: 

 components linkages- regeneration 

 Customized Elements - Generator 

Turboshaft Aero Engine Power Generation Gas Turbine Non-Fired Gas Turbine 
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Dual spool turboshaft engine with shaft power delivered of 1400hp 

• Design point – T/O 

• ISA condition 

Dual spool power generation gas turbine of ~1MW 

• Flow start conditions = inlet flow condition 

• Generator efficiency = 100% 

Dual spool power generation gas turbine of ~1MW with no burner 

• Duct pressure loss = burner pressure loss 
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Modular Input Files 

Thermodynamic Package 

Viewer File 

Model File 

Solver Definition File 

• Engineering Files 
• Maps Files 
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Components Linkages 

Class 

Object 

Attribute 

Method 
(Function) 

Sub-Object 

F040.Tt = BrnPri.Fl_O.Tt 

Element.Object.Attribute 
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Creating Elements 

Declare new element 

Define Variables 

Define Ports (linkages) 

… Engineering Calculations 
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Various Cycle Simulation Results 

Non-Fired  Power Generation Turboshaft 

1.04MW 1.04MW 1400hp Output power 

-- 0.61 0.615 SFC [lb/hr/hp] 

4513 4389 4401 Qin [BTU/sec] 

22.8 22.5 22.3 Thermal Eff. [%] 
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Externally Fired Gas Turbine (EFGT) Cycle 

Duct 

Amb 
HX 

Generator 

ShH(N2) Flow 

Start 

Flow 

End 

Power 

Turb 

Gas 

Prod 
Cmp 

Perf  

ShL(N1) 

Flow 

Mechanical 

Qin 

• What would be the required heat addition to achieve a desired hot stream 

outlet temperature (T4) of 2331R using conditions from diagram?  

• What would be minimum T4 to sustain a thermodynamic cycle? What would 

be the required HX effectiveness? 

15 

• No burner is used 

• The flow entering the turbine comes from the heat exchanger (externally)  

• Regeneration  
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EFGT Applications 

Alternative fuels (Biomass) gasification application 
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EFGT Applications 

Hybrid solar power application 
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EFGT Applications 

Coal Gasification Systems/CO2 capture application 
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EFGT Simulation Results 

Case 2 Case 1 

93% HX Eff. req 2331R T4 req. 

3522 Qin 4011 Qin 

2011R T4 97% Heat Ex. Effectiveness 

32.0% Cycle Thermal Eff 36.7% Cycle Thermal Eff. 

850kW Generator Power 1.04MW Generator Power 
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• EFGT cycle enables considerable higher thermal efficiency comparing to 

open Brayton Cycle with the heat engine 

• In order to operate the power cycle in full power mode, relatively high heat 

exchanger effectiveness would be required  

• 850kW can be generated with feasible heat exchanger performance  
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Conclusion and Future Work 

Conclusions 

• Power generation cycles can be derived from aero engine model using NPSS 

• A modified Turbo shaft engine’s Thermal efficiency , operating as a power 
generation gas turbine, is similar to other industrial gas turbines in the same 
power range  

• Higher efficiency can be achieved applying complex cycles which are feasible 
as well. However, to achieve this goal the addition of a heat exchanger is the 
main challenge.  

Future Work 

• Analysis of additional feasible cycles (such as cogeneration) 

• Sizing of heat exchanger 

• Off-Design calculations 
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