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I. Summary of Original Project Goals: 
 
 
 The original project goals were to establish the viability of the proposed gas turbine 
regenerator concept by performing the following tasks: 
 

• Perform detailed design of a working model of the regenerator concept. 
• Construct a “bench-top” model of the regenerator concept based upon the detail design. 
• Test the bench-top model and gather data to support the concept’s viability. 

 
The project funding was used to acquire the tools and material to perform the 

aforementioned tasks. 
 
 
 
II. Variance from Project Goals – Change of Regenerator Configuration: 
 
 

1. Original Regenerator Configuration: 
 

 The original project’s goal was, and still is, to produce a practical and viable gas turbine 
regenerator concept.  The fundamental problem was to develop a solution to cyclically seal 
differentially pressurized gas streams in an extremely high gas flow and more importantly, high 
temperature environment.  The regenerator concept must have the following characteristics: 
 

• Low gas leakage 
• Low cost 
• Long life 

 
To achieve the project goals, the underlying principal of the original regenerator concept 

was to use a static sealing means to intermittently cycle between the high pressure, low-
temperature compressed air stream and the low pressure, high temperature exhaust gas stream.  
The original regenerator concept configuration is shown below: 

 
 

 

 2



Regenerator Matrix 
Blocks (6) inside
Left Exhaust Gas 
Regenerator Bank
(Semi-transparent walls)

Regenerator Matrix 
Blocks (6) inside
Left Compressed Air 
Regenerator Bank
(Semi-transparent walls)

Regenerator Matrix Block 
Pistons (6) inside 
Regenerator Actuator Bank
(Semi-transparent walls)

Regenerator Matrix 
Blocks (6) inside
Right Compressed Air 
Regenerator Bank
(Semi-transparent walls)

Regenerator Matrix 
Blocks (6) inside
Right Exhaust Gas 
Regenerator Bank
(Semi-transparent walls)

High-Pressure 
Compressed Air 
(Cool) Flowing 
Through 
Regenerator 
Bank.
(blue)

Low-Pressure 
Exhaust Gas 
(Hot) Flowing 
Through 
Regenerator Bank
(red)

Figure #1 - Modular Regenerator Matrix 
Box Assembly
(Showing Hot/Cold Gas Flows)

 

Lower Gas Seal Engagement Surface

Metal Matrix Block Holder 
Frame

CERCLOR Matrix 
Block

“U-shaped” Gas Seal
(Resting on Compressed 
Air /High Pressure Side

Compressed Air/
Exhaust Gas
Barrier Wall

Low Pressure/Exhaust Gas Side

High Pressure/Compressed Air Side

Gas Seal Pressed Against 
Surface by Differential 
Gas Pressure

Differential Gas Pressure 
Acting on Gas Seal
(+59 PSI @ 4:1 Compression)

Figure #2 - Cross-section of Differential Gas Sealing Mechanism

Movement of  
Matrix Block
Assembly

 
 

High Pressure on 
opposite ends of the 
Matrix Block 
Assembly 
counterbalances each 
other.  No net force on 
Assembly at 
equilibrium position

Upper Matrix Block 
Assembly

Lower Matrix Block 
Assembly

Compressed Bleed Air 
Inlet/Outlet for Piston 
Actuator (Left and 
Right)

Cross-over Piping for 
Piston Actuator System

Actuator Piston for Upper 
Matrix Block Assembly

High Pressure/
Compressed Air

Low Pressure/
Exhaust Gas

Low Pressure/
Exhaust Gas

High Pressure/
Compressed Air

Figure #3 : Regenerator Matrix Block Assemblies
(Force Equalization)

Actuator Piston for Lower 
Matrix Block Assembly

 

Upper Matrix Block 
Assembly in High 
Pressure/Compressed 
Air Bank

Lower Matrix 
Block Assembly in 
Low 
Pressure/Exhaust 
Gas Bank

High Pressure
Compressor Bleed Air

Into Matrix Block Piston 
Actuator System

Low Pressure/
Exhaust Gas

High Pressure/
Compressed Air

Single Air Bleed 
Valve Controlling 
Upper and Lower 
Matrix Block 
Assemblies

Cross-Over Piping 
Forces Upper and 
Lower Matrix 
Block Pistons to 
move in Opposite 
Directions

Figure #4 : Regenerator Matrix Block Assemblies
(Detail #1)

 
 
 
 
 The first variance from the project goals was the redesigning of the original regenerator 
proposal.  Between the time of the initial proposal and the actual project initiation, it was 
recognized that this proposal, while conceptually sound, had a number of disadvantages from a 
mechanical operation and structural point of view: 
 

• The “lip-type” sealing configuration shown in the drawings existed only in seals made of 
low temperature elastomer materials.  No lip-type static seals exist that can operate in a 
1,000o F+ environment. 

 
• The large number (12) of individual matrix blocks made the regenerator mechanically 

complex. 
 

• The concept required large cutouts in the wall between the differentially pressurized gas 
streams for the matrix blocks to travel through. These large openings will present 
structural difficulties, as the wall is required to withstand high pressure and thermal 
loading. 
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• The large number of matrix block assemblies will require a like number of control 
actuator assemblies further increasing mechanical complexity. 

 
• To allow for free movement, some clearance is necessary between alternating block 

assemblies.  This clearance, while minimal, will allow for the gas streams to circumvent 
(rather then pass through) the matrix blocks to reduce actual heat exchanger performance. 

 
• Finally, from a pressure and gas flow performance viewpoint, the ideal area ratio for the 

heat exchanger matrix exposed to the hot exhaust stream versus that exposed to the 
compressed air flow is 3:1.  However, this configuration is limited to only a 1:1 area 
ratio. 

 
 

As a result of the identified advantages of the original regenerator configuration, the 
decision was made to redesign it from the outset.   

 
 

 
 

2. “Piston Ring” Regenerator Configuration: 
 
 

The redesigned regenerator configuration was inspired by internal combustion engine 
piston rings.  In addition to mechanical spring force to effect gas sealing, the piston ring 
configuration also exploits the existing differential pressures to assist in said sealing.  Thus, the 
hope was that the differential gas pressure, in combination with the mechanical clamping means, 
would result in good gas sealing performance. 

 
To allow for uniform clamping from a circular piston ring configuration, the regenerator 

matrix would be toroidal so that its cross-section would be circular.  Note that other then its 
toroidal shape, the regenerator matrix would functionally be identical to that of a cylindrical 
regenerator matrix configuration. 

 
To physically test the functionality of this configuration, a test fixture was designed and 

built (see below – Figures 5, 6).  This test fixture consisted of a cross-section of the toroidal 
regenerator matrix, its manifold, and a piston ring clamping fixture. 
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Test Cell 
Fixture 
Cover

Regenerator Seal Test Cell Fixture:  Assembled

DE-FG36-01GO11024

“Regenerator Heat-Exchanger for Microturbines”

James Lin, P.E., J.D.; Project Manager

Air Pressurization 
Port

Test Cell 
Fixture 
Body:
(Inserted)

Seal 
Control 
Port

 
      
         Figure #6   
  
  Figure #5     
 
 
 Upon testing with the fixture, it was realized that the piston ring configuration would be 
problematic due to the following reasons: 
 

• To allow for a spring clamping force, it was necessary to cut a slit to the circular piston 
clamp.  However, it was realized that this slit would allow for excessive gas leakage at 
the gas stream boundaries even if a tight clamp seal were otherwise achieved. 

 
• The “push-pull” means, acting perpendicular to the circular axis, to actuate the piston 

ring could not achieve the clamping forces necessary to achieve a tight clamp seal. 
1 

• The toroidal matrix configuration allow for excessive internal matrix volume.  This 
would allow for excessive “carry-over” gas losses. 

 
 

As a result, the circular cross-section of the regenerator matrix was abandoned and 
replaced with an oval configuration (see below – Figures 7-10).  The oval configuration would 
minimize the matrix internal volume while retaining the circular ends to allow for good seal 
clamping geometry (no corners).  The clamping means was also changed to eliminate the slit.  
Instead of a circular piston ring configuration, an oval spring steel-clamping ring was employed.  
This ring was now actuated along the axis oval cross-section rather then perpendicular to it as 
before.  Shown below is a drawing of the planned testing rig and the beginning of fabrication. 
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Second Regenerator Seal Test Cell Fixture; Beginning of Fabrication
DE-FG36-01GO11024

“Regenerator Heat-Exchanger for Microturbines”

James Lin, P.E., J.D.; Project Manager

  
 
Figure #7     Figure #8 
 
 

    
 
Figure #9     Figure #10 
 
 
 
 In the end, this particular configuration was also abandoned because it relied upon a 
pliant spring steel sealing system.  The bare metal-to-metal contact between the spring steel and 
the regenerator matrix would not have resulted in good sealing performance.  The bare metal 
surfaces simply are not compliant enough to seal the minute irregularities in the two surfaces.  
Some sort of high temperature, compliant sealing material is needed.  In addition, the method of 
“squeezing” the compliant spring steel seal would not have allowed for uniform contact between 
the mating surfaces. 
 
 
 

3. “Layer” Regenerator Configuration: 
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Figure 11 
 
 

 
 

Figure #12 
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 It was the discovery of a very high temperature commercially available gasket material, 
“Thermiculite,” which resulted in the next regenerator configuration change (Figures 11-12).  
Thermiculite is a trade name of a vermiculite-coated stainless steel sheet gasketing material that 
can operate in 1,500o F conditions.  The material appeared to be the ready solution to the 
regenerator gas-sealing task.  
 
 The regenerator shown is arranged in layers.  The upper and lower layers are fixed and 
are connected to the compressed air and exhaust gas conduits.  In between, is a revolving “tray” 
that held the heat exchange matrix blocks.  Six (6) are shown in the exhaust gas stream while two 
(2) matrices are in the compressed air stream.  Between the layers are gaskets to seal the matrix 
blocks. 
 
 While promising, this configuration was eventually abandoned also because: 
 

• The layered gasket regenerator configuration would have required an enormous amount 
of gasket material.  Since gasket sealing efficacy is directly related to pressure, the larger 
the area, the greater the necessary force to effectively seal the layers.  It appeared that the 
force necessary here would have been too great. 

 
• In addition, the large expanse of gasket material would have also required a uniform 

application of the force for effective sealing.  Again, to apply a large force over a large 
area and in a uniform manner was to be a huge engineering challenge. 

 
• Due to the need to cyclically clamp, release, rotate and clamp again the matrix in a 

precise and incremental fashion, the regenerator matrix means need to be precise and 
complex.  For example, with the ten (10) chambered matrix shown, each incremental 
movement must be exactly 36 o.  If the chambers are misaligned, then the gas flow will 
be interrupted. 

 
 
 

4. Oscillating Regenerator: 
 
 

It was decided that the best course of action was to simplify the entire concept while still 
utilizing the high temperature gasket material.  Simple operation results in simplified 
construction and controls. 

 
As shown, the “oscillating” regenerator concept is simply a cylindrical regenerator matrix 

bisected by endplates 180o from each other.  The cycling of the regenerator between compressed 
air and exhaust gas streams consists of rotating the regenerator matrix 180o in one direction and 
then 180o in the other.  When the regenerator is stationary, the endplates push against the 
dividing wall and seal the wall passages with the gasket material. 
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In the first iteration, the regenerator matrix was supported and driven from their outer 
rims (Figure #13).  However, such a mounting system required many parts and is dependent on 
accurate placement.  Simplifying the support structure, the next version was driven from a 
central shaft (Figure #14).  This version was eventually developed to a point where a physical 
bench-top demonstration version was designed and partially built (Figure #15)  
 

  
 
Figure #13     Figure #14 
 

 
 
Figure #15 
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Figure #16         Figure #17 
 
 

While this particular regenerator version nearly became the definitive regenerator concept 
(with a physical prototype [Figures #16-#17] nearing completion), it also was deemed unsuitable 
because: 
 

• Constant 180o reversals of rotation of the entire matrix necessitated a drive system of 
great power and robustness.  The matrix is relatively massive and, to minimized gas 
leakage, the matrix cycling must be accomplished as quickly as possible.  The 
combination of high speed cycling and massive matrix will result in a large power 
requirement for the regenerator and high stresses on the matrix itself. 

 
• The large acceleration and deceleration forces due to the rotation reversals will cause 

great stresses throughout the regenerator as well as vibration. 
 
• While the central axle method of mounting this regenerator is simple, unfortunately, the 

requirement of the regenerator matrix axle to cross the dividing wall resulted in a delicate 
matrix support structure.   The low-strength structure is simply the result of providing 
clearance to all the other components of the regenerator during rotation. 

 
The combination of the delicate matrix support structure and the high cycling stresses 

will result in a weak, heavy regenerator unsuitable for the long-life and low-maintenance 
requirements of a regenerator. 

 
 

 
5. “Active” Fixed Matrix Regenerator: 
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Regenerators can be categorized into two major types.  The first type, representing the 
majority of regenerators to date, cycle the heat-exchange matrix in and out of the gas streams by 
moving the matrix itself (“movable matrix”).  The second type fixes the matrix in place and uses 
valves to cycle the gas streams to the matrix.  Up to now, all the previous regenerator proposals 
have been movable matrix types. 

 
It is now proposed that the following regenerator proposal be a fixed matrix type. 

 
 Fixed regenerators have the following advantages: 
 

• The need to incorporate a sealing system into a continuously moving matrix in the high 
temperature, pressurized environment of the gas turbine greatly complicates the 
regenerator’s design and compromises its performance.  No movable regenerator sealing 
system has been successful to date.  Instead, a fixed matrix regenerator moves only 
specialized valves to switch the gas streams and seal the regenerator.  This greatly 
simplifies the sealing requirements promoting better sealing performance then movable 
matrix sealing systems that are compromised by the need to incorporate a movable 
matrix. 

 
• Fixing the matrix allows for more robust regenerator construction since the delicate 

matrix is not constantly in motion. 
 
• A fixed matrix regenerator needs only to move lightweight valves rather then the 

relatively massive regenerator matrix.  This allows for lower regenerator power 
requirements and faster gas stream switchover response. 

 
 

The proposed regenerator is divided into four (4) modules (Figure #29).  This is the 
minimum number since it allows for the ideal 3:1 regenerator matrix area distribution 
between the exhaust gas and compressed air streams.  Due to its modular design, the 
regenerator can be further divided into additional modules.  However, while this may be 
beneficial in reducing the pressure pulsations during the gas stream switchover, it also 
increases mechanical complexity. 

 
Figures #18-#22 illustrates a typical regenerator module.  There are manifolds for four 

gas streams to and from the matrix: 
 

• Hot exhaust gas from the gas turbine’s turbine to the matrix. 
• Cooled exhaust gas away from the matrix being exhausted to atmosphere. 
• Unheated compressed air from the gas turbine compressor to the matrix. 
• Heated compressed air from the matrix to the gas turbine combustor. 

 
Connecting the four (4) gas stream manifolds for each module, there are two (2 – upper 

and lower)  “piston box” structures that serve as a switchover point for the gas streams to and 
from the matrix.  To accomplish the actual switching of the gas streams, a three (3) piston 
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poppet-style valve assembly opens and closes the various ports in the piston boxes (Figure #23 – 
detail of piston assembly). 

 
The heat exchange matrix is located within a manifold that serves to guide the gas 

streams to and from the matrix.  Within the matrix manifold, the cylindrical matrix freely rotates 
on an axle.  The matrix is rotated by the gas streams acting upon vanes incorporated into the 
upper and lower surfaces of the matrix (Figure #22). 
 
 
2. Modes of Operation (Figures #24,#26): 
 
 There are two modes of operation in this regenerator – matrix heating of the compressed 
air stream and exhaust stream heating of the matrix. 
 
 Figure #24 shows the matrix heating of the compressed air stream.  The piston assembly 
closes the exhaust manifold ports while simultaneously opening the compressed air manifolds.  
This allows the compressed air stream to travel through the regenerator matrix thereby 
preheating it.  Note the arrows illustrating the compressed air stream pattern. 
 
 Figure #26 illustrates the exhaust stream heating of the matrix.  Here, the piston assembly 
has closed off the compressed air manifolds while simultaneously opening the exhaust gas ports.  
This allows the exhaust gas stream to travel through the matrix thereby heating it.  Again, note 
the arrows illustrating the exhaust gas stream pattern. 
 
 
3. Pressure Equalization of Poppet Piston Assemblies (Figures #25,#27): 
 
 A typical compressed air stream is pressurized at 60-psi gauge.  The exhaust gas stream is 
0-psi gauge (essentially atmospheric pressure).  Since the poppet piston assemblies must seal 
against the two gas streams’ pressure differential, this creates large forces upon the piston 
assemblies.  Overcoming these large forces may require large, and potentially expensive, 
regenerator power requirements. 
 
 To overcome this problem, the gas stream manifolds are arranged, in combination with 
the three-piston plate poppet valve assembly, to negate the differential pressure forces of the gas 
streams.  Note, in Figures #25 and #27, in either operating mode, opposing pressurization forces 
act on the piston plates canceling each other out.  Therefore, no matter the size of the poppet 
valve plates, the forces experienced by the piston assembly actuator due to gas streams’ pressure 
differential is zero. 
 
 
4. Rotating Fixed Matrix (Figures #28): 
 
 One major disadvantage of the fixed matrix regenerator is the need for a manifold to 
promote uniform gas flow distribution throughout the matrix.  As a general rule, the more 
voluminous the manifold, the better the flow distribution.  The result of a larger manifold volume 
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is an increase in so-called “carry-over” leakage (compressed air loss during gas stream 
switchover). 
 
 In this regenerator, a minimum volume manifold is used.  By itself, the use of this 
manifold will result in uneven flow distribution through the matrix.  However, to promote 
uniform flow distribution, the matrix is set upon a freewheeling axle and allowed to rotate 
(“windmill”).  The piston box manifold is offset to the rotational axis of the regenerator (Figure 
#28).  As a result, the gas streams (either the compressed air or exhaust), acting on vanes on the 
surface of the matrix (Figure #22), will impart a rotation in the matrix.  The matrix will then 
rotate, promoting uniform flow distribution with a minimal manifold void and without additional 
mechanical complexity (i.e. – electric motor). 
 
 
5. Advantages of Proposed Regenerator Concept: 
 
 The advantages of the proposed regenerator is as follows: 
 

• While the so-called “carry-over” leakage of the compressed air trapped within the voids 
of the matrix is unavoidable, this loss represents only ~1% loss.  All other losses will be 
negligible due to the choice of stationary sealing materials and quick-acting poppet type 
valve sealing. 

 
• There is no sealing material currently available that has all the characteristics of low 

sliding friction, high temperature performance, long life and low cost necessary for 
conventional regenerators.  This regenerator concept dispenses with the sliding 
requirement resulting in many more choices of sealing media available for use here.  Of 
particular promise for this application is “Thermiculite” gasket material. 

 
• The circular poppet valve piston sealing method is geometrically ideal for promoting 

good sealing performance due to its minimal seal length, uniform force distribution and 
circular geometry. 

 
• This regenerator concept, unlike most conventional regenerator matrix, fixes the heat-

exchange matrix media (with the exception of its rotation within the manifold itself).  As 
a result, this reduces the mass and complexity of the sealing mechanism to promote faster 
gas stream changeover transition and better sealing performance. 

 
• Rotating the regenerator matrix within a low-volume manifold both minimize the carry-

over gas leakage AND promote uniform matrix gas distribution.  By itself, the small 
manifold cause irregular gas flows into the matrix.  However, by continuously rotating 
the matrix within the manifold, uniform gas distribution is achieved in a minimal volume 
manifold. 
 

• The piston sealing “box” is offset to the matrix manifold chamber.  This allows the gas 
flow (both compressed air and exhaust gas) to engage vanes built into the disk 
regenerator matrix and rotates it.  Employing the gas flows to rotate the regenerator 
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matrix eliminates the need for an additional rotating means to spin the regenerator (i.e. – 
electric motor). 

 
• The arrangement of the compressed air and exhaust manifolds as well as the three-plate 

(3) piston assembly design allows for balance pressures acting upon the piston-actuating 
shaft.  The balanced pressure design eliminates the forces resulting from the interaction 
between the compressed air and exhaust streams and the piston plates.  Elimination of 
these forces acting upon the piston shaft assembly minimizes the power requirement to 
actuate the valves. 

 
• The gas manifold and piston plate assembly arrangement also simplifies the piston 

assembly shaft’s linear bearing performance requirements.  Since the piston plate 
assembly is held at this bearing, the manifold arrangements allows this bearing to be 
located in the lowest temperature (cooled exhaust) and least pressure (atmospheric) gas 
stream thereby minimizing its performance requirements. 

 
• If necessary, the proposed piston assembly arrangement will allow for internal cooling 

via pumping cooling fluid within the hollowed shaft voids. 
 

The described regenerator concept is the definitive regenerator concept for this project.  
As shown in Figure #30, the physical bench-top model of this regenerator concept has been 
substantially completed at the end of this project period. 

 
 

 

Linear Piston Actuator;
(Electrak 5 for Prototype only 
– actual actuator smaller)

Hot Exhaust Manifold (from Turbine)

Heated Compressed Air Manifold

Cool Compressed Air Manifold

Cool Exhaust Manifold (to Exhaust)

Cold Side Piston “Box”

Hot Side Piston “Box”

Piston Assembly Shaft

Linear Bearing

Regenerator Matrix Cover

Figure #18:
Regenerator Assembly Module;
Front 3D View

 

Hot Exhaust Manifold (from Turbine)

Heated Compressed Air Manifold

Cool Compressed Air Manifold

Cool Exhaust Manifold (to Exhaust)

Cold Side Piston “Box”

Hot Side Piston “Box”

Piston Assembly Shaft

Linear BearingRegenerator Matrix Cover

Figure #19:
Regenerator Assembly Module;
Rear 3D View

Linear Piston Actuator;
(Electrak 5 for Prototype only 
– actual actuator smaller)
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Hot Exhaust Manifold (from Turbine)

Heated Compressed Air Manifold

Cool Compressed Air Manifold

Cool Exhaust Manifold (to Exhaust)

Cold Side Piston “Box”

Hot Side Piston “Box”

Linear Bearing

Regenerator Matrix Cover

Figure #20:
Regenerator Assembly Module;
Front 3D View; No Actuator

Revolving Regenerator Matrix 
(within Matrix Cover)

Piston Assembly

 

Hot Exhaust Manifold (from Turbine)

Heated Compressed Air Manifold

Cool Compressed Air Manifold

Cool Exhaust Manifold (to Exhaust)

Cold Side Piston “Box”

Hot Side Piston “Box”

Linear Bearing

Regenerator Matrix Cover

Figure #21:
Regenerator Assembly Module;
Rear 3D View; No Actuator

Piston Assembly

 
 

Hot Exhaust Manifold (from Turbine)

Heated Compressed Air Manifold

Cool Compressed Air Manifold

Cool Exhaust Manifold (to Exhaust)

Cold Side Piston “Box”

Hot Side Piston “Box”

Linear Bearing

Revolving Regenerator Matrix

Figure #22:
Regenerator Assembly Module;
Front 3D View; No Actuator; No Regenerator Cover

Piston Assembly;
(In Manifold)

Piston Assembly Shaft

Revolving 
Regenerator 
Matrix 
“Vanes”

 

High Temperature Gasketing Material 
(Top Side of Disk #3 Only)

Piston Disk #3

Piston Assembly Shaft

Piston Shaft Lining

Figure #23:
Balanced Force Piston Assembly;
3D View

High Temperature Gasketing Material 
(Bottom Side of Disk #2 Only)

Piston Disk #2

Piston Disk #1

High Temperature Gasketing Material 
(Both Sides of Disk #1)

 
 

Heated 
Compressed 

Air Traveling 
Into Heated 
Compressed 
Air Manifold 
After Passing 

Through 
Matrix

Figure #24:
1st Mode of Operation;
Regenerator Matrix Heating of Compressed Air Heat;
Gas Flow Operation

Piston Disk #2

Piston Disk #1 Closes Off Hot Exhaust Flow

Hot Exhaust Manifold (from Turbine)

Piston Disk #3 Closes Off Cool Exhaust Flow

Cool, Unheated 
Compressed Air 
Traveling From 

Cool Compressed 
Air Manifold to 

Regenerator

Cold Side Piston “Box”

Hot Side Piston “Box”

 

Figure #25:
1st Mode of Operation;
Regenerator Matrix Heating of Compressed Air;
Balanced Piston Pressure Operation

Compressed Air from Compressed Air Manifold Pressing 
Downward Against Top of Piston Plate #3

Compressed Air from Compressed Air Manifold Pressing 
Upward Against Top of Piston Plate #1
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Hot Exhaust 
from Turbine 

Traveling 
From Hot 
Exhaust 

Manifold to 
Regenerator 

Matrix

Figure #26:
2st Mode of Operation;
Exhaust Gas Heating of Regenerator Matrix;
Gas Flow Operation

Hot Exhaust Manifold (from Turbine)

Piston Disk #2 Closes Off Cool Compressed Air Flow
Cooled Exhaust 
Gas Traveling 

From Regenerator 
Matrix to Cool 

Exhaust Manifold

Cold Side 
Piston 
“Box”

Hot Side 
Piston 
“Box”

Piston Disk #1 Closes Off Hot Compressed Air  Flow

 

Figure #27:
2st Mode of Operation;
Exhaust Gas Heating of Regenerator Matrix;
Balanced Piston Pressure Operation

Compressed Air from Compressed Air Manifold Pressing 
Downward Against Top of Piston Plate #2

Compressed Air from Compressed Air Manifold Pressing 
Upward Against Bottom of Piston Plate #1

 
 

Figure #28:
Gas Flow Induced
Revolving Regenerator 
Matrix Operation;
To Promote Uniform 
Gas Mass Flow 
Distribution on Matrix

Offset Positioned Gas Flow From Either 
The Compressed Air Or Exhaust Flow 
Imparts a Rotation On The Revolving 
Regenerator Matrix By Acting Upon 

Vanes On The Matrix.

Rotating Regenerator Matrix
Revolving 
Regenerator 
Matrix 
“Vanes”

 

Figure #29:
Typical Gas Turbine 
Regenerator Assembly 
w/ Four (4) 
Regenerator Matrix 
Modules

Hot Exhaust Gas Flow 
From Turbine to Matrix

Cooled Exhaust Gas Flow From 
Matrix to Atmosphere

Hot Compressed Air Flow From 
Matrix to Gas Turbine Combustor

Cool Compressed Air Flow 
From Compressor to Matrix

Regenerator Module Assembly #1

Regenerator Module Assembly #2

Regenerator Module Assembly #3
Regenerator Module Assembly #4

Linear Piston Actuator
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Figure #30:
Current Benchtop Regenerator Module Prototype

 
 
 
 
III. Conclusions: 
 
 
 While the concept of utilizing a static sealing medium to sealing a moving regenerator 
matrix is sound, the problem has been to finalize a workable mechanical solution.  Too much 
time and effort was spent on conceptualizing the regenerator concept (Task #1).  Some effort was 
spent on building the bench-top models of several regenerator concepts (Task #2).  However, 
prior to finalizing the physical models, the underlying concepts themselves were abandoned. 
 
 The final concept shown (“Active Fixed Matrix Regenerator”) appears to be the most 
promising concept to date.  It is extremely simple mechanically.  Its simplicity will translate into 
durability.  It promises to have good flow performance (low head loss) and will have good 
sealing performance. 
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 As shown in this report, the physical model was nearly completed at the end of the 
project period.  While not finished at this time, sufficient material had been procured during the 
project period to complete it in the future. 
 
 Needless to say, testing and data collection was not completed for this concept also.  
However, since testing was anticipated for this project, equipment and other material had been 
procured during the project period.  Testing will be conducted and completed in the future.
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Attachment A: 

 
DE-FG36-01GO11024 

“Regenerator Heat-Exchanger for Microturbines” 
 

Milestone Table  
(Revised 03/30/03) 

 
 

Task Milestone/Task Title Original 
Planned 
Completion 
Date 

Revised 
Planned 

Completion 
Date 

Actual 
Completion 

Date 

Responsible 
Organization  

Original 
Projected Cost 

(Fed/ 
Non-Fed) 

Revised 
Projected Cost 

(Fed/ 
Non-Fed) 

Actual 
Completed 

Cost 
(Fed/ 

Non-Fed) 

Milestone 
Notes 

 
 

1 

Detailed Design of 
Concept Model 

 
05/31/01 

 
12/31/02 

 
03/30/03 

 
James Lin 

 
$0.00 

 
$0.00 

 
$0.00 

Parallel 
Process 

 
 

2.1 

Procure and Set Up 
Model Fabrication 
Equipment 

 
09/30/01 

 
09/30/01 

 
   03/30/03 

 
James Lin 

 
$14,000.00/ 
$0.00 

 
$20,000.00/ 
$0.00 

 
$22,678.09/ 
$0.00 

Equipment 
and Tools 

 
 

2.2 

Concept Model(s) 
Construction 

 
09/30/01 

 
12/31/02 

 
03/30/03 

 
James Lin 

 
$1,400.00/ 
$0.00 

 
$5,000.00/ 
$0.00 

 
$8,235.13/ 

  $0.00 

Material 
Only 

 
 

3 

Semi-Annual Report 
for Period Ending 
09/30/01 

 
10/31/01 

 
10/31/01 

 
   10/31/01 

 
James Lin 

 
Costs Covered 
Under Task #6

 
Costs Covered 
Under Task #6

  

 
 

4 

Attend Annual Project 
Review 

 
TBD 

 
 

    
James Lin 

 
Costs Covered 
Under Task #6

 
Costs Covered 
Under Task #6

 
 

5 

Testing and Data  
Collection 

 
01/31/02 

 
02/28/03 

 
03/30/03 

 
James Lin 

 
$14,600.00/ 
$0.00 

 
$15,000.00/ 
$0.00 

 
$9,112.66/ 

  $25.88  

 
Equipment 

only 
 
 

6 

Project Management 
And Reporting 

 

 
03/31/02 

 
03/31/03 

 
03/30/03 

 
James Lin 

 
$0.00 

 
$0.00 

 
$0.00 
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Attachment B: 

DE-FG36-01GO11024 

“Regenerator Heat-Exchanger for Microturbines” 
 

Project Schedule / Gantt Chart 
(Revised 03/30/03 

 
 
 Months from Award 

Task            Title 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 Prototype Detail Design (Parallel Process)  

2.1 Fabrication Shop Equipment Setup  

2.2 Concept Model Construction  

3 Semi-Annual Report thru 09/30/02  

4 Attend Annual Project Review TBD                                    

5 Testing and Data Collection  

6 Project Management / Reporting  
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 Months from Award 

Task         Title 16 17 18 19 20 21 22 23 24

1 Prototype Detail Design (Parallel Process)  

2.1 Fabrication Shop Equipment Setup  

2.2 Concept Model Construction  

3 Semi-Annual Report thru 09/30/02  

4 Attend Annual Project Review TBD                                    

5 Testing and Data Collection  

6 Project Management / Reporting  
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Attachment C 
 

Energy, Environmental, and Economic Savings for I&I 
 
 
The installed unit for the I&I project technology is a regenerator heat exchanger for 
microturbines. 
 
The installed unit for the comparable competing technology as presented in the original proposal 
is a recuperative heat exchanger for microturbines. 
 

 
Energy Savings: 

 
Provide the energy savings for the project technology versus the comparable competing 
technology. 
 

The average energy efficiency of a recuperative gas turbine is 28%.  The projected 
energy efficiency of a regenerative gas turbine is 45%.  Therefore, the projected energy savings 
of the regenerative gas turbine over the recuperative is +61% (45-28/28). 
 
The projected energy consumption of the project unit in Btu/yr/unit was (at the beginning of the 
project) 
 

The definitive versions of the recuperative microturbine produce 60 kilowatts of 
electrical power.  At an efficiency of 28%, it consumes 214.3 kilowatts of fuel to produce the 60 
kilowatts of electricity.  Since 1 kilowatt equals 3,413 Btu/hour, the projected energy 
consumption of the recuperative microturbine is 7.3 x 105 Btu/hour or 6.4 x 109 Btu/yr/unit. 
 
The energy consumption for the I&I project unit in Btu/yr/unit is 
 

Since it is projected that the regenerative gas turbine will produce the same 60 kilowatts 
at 45% efficiency, this I&I project will require only 3.98 x 109 Btu/yr/unit. 
 
Provide assumptions and references for the derivation of your values.  (Refer to Attachment H 
for energy conversion factors) 
 

A Capstone 60 recuperative microturbine generates 60 kilowatts of electrical power at an 
efficiency of 28%.  One kilowatt equals 3,413 Btu/hour.  There are 8,760 hours in a year. 
 
 
Environmental Savings: 
 
Provide the environmental savings for the project technology versus the comparable competing 
technology. 
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The environmental savings arise mostly from reduced fuel consumption through greater 
efficiency.  The less fuel consumed for a given power produced, the less pollution.  Therefore, if 
natural gas was the fuel used by the microturbines: 
 
Natural Gas:  1,027 Btu/ft3

 
   0.1164 lbs. of CO2/ft3 of natural gas burned. 
 
  Or 1.13 x 10-4 lbs. of CO2/Btu 
 
(Table derived from USDOE Annual Energy Review 2000) 
 

For the examples given above, the recuperative microturbine, burning 6.4 x 109 
Btu/yr/unit, would produce 7.25 x 105 lbs. of CO2/yr/unit.  In contrast, the regenerative 
microturbine, burning only 3.98 x 109 Btu/yr/unit, would produce only 4.5 x 105 lbs. of 
CO2/yr/unit. 
 
The projected wastes other then power generation emissions for the project technology in 
tons/yr/unit using the II project unit described above (at the beginning of the project) were: 
 
Waste 1 NONE 
 
Identify wastes other than power generation emissions for the I&I project technology in 
tons/yr/unit using the project unit described above: 
 
Waste 1:    NONE 
 
Identify wastes other than power generation emissions for the comparable competing technology 
in tons/yr/unit using the comparable competing technology unit described above: 
 
Waste 1: NONE 
 
Provide assumptions to allow reviewers to understand the derivation of the stated values. 
 
 

Economic Savings: 
 

 
Provide the economic savings for the project technology versus the comparable competing 
technology. 
 
 At this early stage of the project’s development, the only calculable cost savings 
estimates are the reduced fuel costs due to higher efficiency.  While it is likely the regenerator 
heat exchanger will have a lower unit cost then an equivalent recuperative heat exchanger, such 
cost savings are only speculative at best at this time. 
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The projected unit cost for the I&I project technology (at the beginning of the project) was 
 
NA 
 
Define the unit cost for the I&I project technology 
 
NA 
 
Define the unit cost for the comparable competing technology 
 
NA 
 
Provide assumptions to allow the reviewer to understand the derivation of the stated values. 
 
NA 
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