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I. Introduction 

FlexEnergy’s new GT1300S compact combined heat and power (CHP) package which integrates four (4) 
Flex Turbine® GT333S gas-turbine drivetrains into a single 40 foot intermodal container currently does not 
have a fully integrated hot-water cogeneration system. Currently the electrical efficiency sits at 33% at 
ISO conditions (59°F or 15°C, sea 
level, 60% relative humidity) based 
on the lower heating value (LHV) of 
the fuel. With the successful 
integration of the cogeneration heat 
exchanger, the GT1300S can expect 
to see an overall efficiency of up to 
85%.  

The existing heat exchanger for the 
GT333S was selected due to its 
successful field experience and 
excellent performance. The main 
priority of this fellowship was to 
conceptualize a design in which each 
GT333S microturbine can be fitted 
with FlexEnergy’s existing multi-pass cogeneration counter flow heat exchanger and through simulation 
verify its performance within the overall system.  

• Key design points  
1. Package external to the ISO container 
2. Utilize 12-row heat exchanger core 
3. Temperature controllable 
4. Back pressure on turbine 
5. Torque to actuate the damper 
6. Flowing or stagnant water cannot reach boiling temperatures 

During my fellowship, I was also involved with the development and management of the GT1300S engine 
and electrical enclosure airflow, hot section analysis, engine testing, and preliminary bluff body combustor 
design for future development testing.  

II. Conclusions 

Computational fluid dynamic (CFD) and heat transfer simulations proved to be critical in developing a new 
flow path for the GT1300S cogeneration system. Adoption of this new design will result in multiple 
benefits including improved turbine life due to the reduced inlet temperature caused by the reduction in 
back pressure, accurately controllable cold side temperature, and operating load range for the actuator 
without assistance. This addition to the GT1300S will provide the option for integrated CHP which will 
result in an increased overall efficiency and cost savings.  Depending on the application, the added 
cogeneration system may enable customers to qualify for government incentives.  
 

III. Background  

The GT1300S was originally designed for Oil & Gas applications with the intent of having a cost-effective 
energy solution for larger capacity energy projects in a smaller footprint. With the demand for higher 

Figure 1:GT333S Turbine Cycle 



efficiency cycles continuously growing, the attractiveness of exhaust heat recovery units cannot be 
overlooked. Coupled with various combined heat and power incentives throughout the world, the cost 
savings alone can justify such a unit. FlexEnergy’s integrated high capacity heat exchanger is a multi-pass 
counter flow fin tube design that was initially developed for the GT333S unit and chosen for the GT1300S 
due to its proven technology.  As a result of the inherent size of the heat exchanger and ducting needed 
to route recuperator exhaust to it, it was decided that the cogeneration package would have to be external 
to the GT1300S package. This allowed for a more open design than what was previously available to the 
GT333S and enabled optimization for critical design points. Of utmost importance is the pressure drop 
from the exit of the recuperator to the exit exhaust duct. Reducing this turbine backpressure as much as 
possible will allow for the cycle efficiency to remain within the currently specified range without the 
effects of increased turbine inlet temperature and compressor work. Both parameters can have harmful 
effects on turbine life and cycle performance. Of equal worth is the ability to control the temperature of 
the cold side fluid. In most scenarios, the maximum amount of heat will need to be extracted. However, 
in the cases where the control of fluid exit temperature is desired, the flow path can be redirected via the 
controllable damper to account for this.  

IV. Model Setup 

In the development of the 
new cogeneration package 
for the GT1300S, the 
designs were analyzed 
using a CFD software 
package. In constructing an 
accurate working model of 
the flow path, a working 
fluid was developed to 
replicate the properties of 
the turbine exhaust gas. 
The gas is primarily 
composed of CO2, H2O, N2, 
and O2. From here using 
Engineering Equation 
Solver (EES) properties of 
this composition over a 
range of temperatures for dynamic viscosity and specific heat were developed and then imported into the 
CFD package (JANAF, 2013). It was decided for computational time and cost motives to not fully simulate 
the core. Alternatively, the heat exchanger was accounted for in the CFD model as a negative volumetric 
heat sink based off of the existing testing data from the GT333S.  The conditions for these data were 100⁰F 
water inlet and 70⁰F ambient temperature, which equated to 493.5 KW of heat recovery, as shown in 
Figure 2 (Note: this is at a cold side water flow rate of 200 gallons per minute or 757 liters per minute). In 
order to account for the change in flow characteristics due to the heat exchanger, the exchanger was 
modeled as a porous media. In defining the porous media pressure drop, data across the heat exchanger 
was collected at various volume flow rates and correlated with a curve shown in Figure 3 below. The 
porosity (open pores over total volume) of the medium also had to be defined.  

Figure 2: GT333S integrated Heat Exchanger Performance Curve 



When setting up the 
initial mesh in CFD, it was 
based on a computation 
domain which contained 
the full volume being 
computed as well as a 
fluid volume. For this 
study, a level 4 mesh 
refinement (9493 fluid 
elements) was used for 
initial studies in order to 
reduce solver time but 
was then changed to a 
level 8 (73,793 fluid 
elements) mesh 
refinement. Both laminar 
and turbulence flow 
characteristics were included in the model setup. 

The inlet boundary condition for this case was modeled as a uniform inlet mass flow which represents the 
angled flow that would be present when exiting the recuperator. The exit boundary condition was 
modeled as an environmental pressure opening. The initial conditions were set at an intermediate 
temperature and pressure. 

V. Results and Discussion  

To establish a base case for the CFD studies, the current configuration of cogeneration package on the 
GT333S flow path was modeled and studied to verify the model setup and boundary conditions. Via results 
of this simulation, it was possible to compare the pressure drop taken from the model with collected test 
data. In both current and new designs, the ability to direct airflow through the heat exchanger or directly 
to the environment is done by varying the angle of a damper (Purple dashed line Figure 4). Shown in Figure 
4 are the magnitude velocity vectors for damper angles of 0, 45, and 90 degrees respectively left to right.   

Figure 4: Velocity Magnitude Vectors (GT333S Configuration) 

Figure 3: Pressure Drop Vs. Flowrate 



The key findings were pressure drop from inlet to exit, heat removed and torque on damper for each of 
the variable damper positions. These data are displayed in the following figures. Please note that all 
references to pressure drop and backpressure are considered total pressure. 

 

Figure 5: Pressure Drop Vs. Damper Position (GT333S Configuration)  

The highest pressure drop occurs when 100% of the flow is directed through the heat exchanger (90⁰ 
damper position) which is shown in Figure 5 above.   

 
Figure 6: Energy Transfer Vs. Damper Position (GT333S Configuration) 

Intuitively the same concept can be inferred for the heat dissipation in the flow path with the most heat 
being removed from the full mass flow entering the heat exchanger displayed in Figure 6 above. 



 

Figure 7: Torque on Damper Vs. Damper Position (GT333S Configuration) 

The analysis of the pressure distribution on the damper gate is of critical importance. The actuator used 
for this application has a maximum output torque limit. In the current configuration, the load predicted 
by the CFD simulations exceeds that of the output which accurately represents what is seen in the field, 
see Figure 7. Springs were added in the assembly to account for this overload on the actuator.  

Moving to the new design, it was important to improve on these parameters and ultimately multiple 
iterations were analyzed and optimized to provide the best overall final concept. In Figure 8, the 
magnitude velocity vectors are displayed for each damper position 0, 45, and 90 degrees respectively left 
to right with 0⁰ meaning full bypass and 90⁰ meaning full cogeneration (shown as dashed purple in Figure 
8).  

 

Figure 8: Velocity Magnitude Vectors New Design (GT1300S Configuration) 



In the initial designs without the three turning vanes (3 Yellow Lines In 
Figure 8), there was significant flow separation and recirculation that 
occurred as the flow takes the corner in the all cogeneration 90⁰ 
damper position in Figure 9. The separation forced the bulk of the 
mass flow through one side of the heat exchanger (Shown as Red Box 
in Figure 8). To solve this issue, three turning vanes were incorporated 
in the design to provide the heat exchanger inlet face with a more 
uniform flow. To give a little more background,  Figure 10 below shows 
how the design would be integrated into the ISO container. The inlet 
face represents the exhaust flow exiting the recuperator and turning 
90 degrees which exists already and was not subject to change.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Pressure Drop Vs. Damper Position (GT1300S Configuration) 

Figure 9: No Turning Vanes 

Figure 10: ISO Container View 



After running multiple simulations at varying gate or damper angles, pressure drop data was calculated 
from the CFD results and plotted versus the damper angle in Figure 11. Overall damper angle positions 
the pressure drop remained at or below the current design, which is a 34.5% reduction in backpressure. 
This backpressure reduction results in a decrease of turbine inlet temperature and an estimated increase 
in the creep life of the turbine by 15% compared to the GT333S integration method.  

 

Figure 12: Energy Transfer Vs. Damper Position (GT1300S Configuration) 

Looking towards the percentage of energy transfer to the water in the heat exchanger versus damper 
angle, it shows a similar trend of that of the current design due to the same heat exchanger core being 
used.  See Figure 12 above. Using this curve in the design of the GT1300S’s will allow the system to more 
smoothly control the heat exchanger’s water discharge temperature for the customer.  

 

Figure 13: Torque Vs. Damper Position (GT1300S Configuration) 



The damper actuator for the new design remained the same with the maximum output torque at its limit. 
Through various iterations, the center pivot axis was moved to an end pivot damper to reduce 
aerodynamic load. CFD results show that for all gate positions the load on the actuator is within its 
operating range as shown in Figure 13. Although the pressure torsional loading results from CFD seemed 
to be reasonable and agree with hand calculations, they will require validation testing. 
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