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Fluid System Design Studies of
Integrated Modular Engine System

Bruce J. Frankenfield

NASA Lewis Research Center

ABSTRACT

A study was performed to develop a fluid system design for an
integrated modular engine (IME) configuration using an expander
cycle engine. The primary design driver of the IME configuration
was system reliability. The IME fluid system was designed as a
single fault tolerant system, while minimizing the required fluid
components. A comparison of components was made between the network
IME system and the non-network (clustered) system. In addition, IME
fluid system design concerns of high pressure manifolds, interfaces,
component arrangement and system interactions are addressed.

INTRODUCTION

Integrated modular engine (IME) designs are being considered for
future space propulsion applications. In a modular engine concept,
the turbopumps and the thrust chambers are independent of each
other, but are joined by common manifolds. With this configuration,
should a component fail, either the turbopump or thrust chamber
could be shutdown and isolated with valves. Once the failed
component is isolated, the remaining components would operate at a
slightly higher design condition to complete the mission. Also, the
modular engine concept allows for system components to beconme
interchangeable as line replaceable units. In today's conventional,
clustered engine design, each engine acts as a stand-alone unit.
The turbopumps and valves are dedicated to only one thrust chamber,
so a component failure would cause the entire engine to shutdown.
Therefore, the modular engine system appears to offer greater
reliability when compared to the clustered engine system.

Trade studies were done to optimize various fluid system config-
urations for an IME expander engine cycle. Each configuration goal
was to provide system redundancy and isolation capability while

minimizing the complexity and the total number of wvalves. In
addition, the minimum number of thrust chambers was determined for
a single failure tolerant operation. The IME design requires

numerous system manifolds between various fluid components. These
manifolds must operate at high pressures and at varying
temperatures, and are not redundant.



DESIGN ASSUMPTIONS

1. Provide a single point failure capability for the pumps, turbines
and thrust chambers (components).

2. Pumps or turbines can make up lost performance for any one failed
component.

3. Thrust chambers are permanently fixed to the vehicle, thereby
eliminating engines with gimbal mounts and associated hydraulic
systems.

4. Health monitoring instrumentation and sensors can identify
failures and react by isolating the failed component.

5. Gearboxes will not be used to couple the fuel and oxidizer pumps.

SYSTEM DESCRIPTION

A fluid schematic of an integrated modular engine design is provided
in Figure 1. A typical clustered engine design is provided in
Figure 2. The IME design is based on a NASA Lewis Research Center
effort to examine the integrated modular engine concept and
determine methods of physically configuring such a system. In the
IME design, an expander engine cycle is used.

The optimal IME design configuration grouped pumps, turbines and
thrust chambers in a parallel flow pattern to allow for a single
point failure of any one component. Once a failed component is
detected, that component is isolated with valves from the rest of
the fluid system. Both the pumps and turbines required an inlet
valve to shutdown the flow in case of a failure and also an outlet
check valve to prevent reverse flow from the common outlet manifold.
Each thrust chamber required four isolation valves in case of a
failure. Three of these valves required a flow control and
isolation capability while the fourth valve, a check valve was
required to prevent reverse flow. The turbines are configured in a
parallel/series network which optimize the turbine performance. All
of the fuel and oxidizer pump turbines have parallel flow to allow
for single point failure isolation. This IME design requires five
high pressure manifolds operating between 2000-4500 psig and at
varying temperatures. The isolation valves are not redundant,
thereby the valves are a source of single point failures.



RESULTS
The results of the IME fluid design are the following:

1) Eight thrust chambers are the minimum needed to provided thrust
vector control. If any one thrust chamber fails, the opposite
thrust chamber must also shutdown to balance overall vehicle thrust
through the vehicle's center of gravity. Placement of the thrust
chambers should be the maximum radial distance from the vehicles
centerline to minimize differential throttling requirements. The
thrust chambers are directly fixed to the vehicles thrust ring and
provide only for pitch and yaw control by regulating thrust levels.

2) Four fuel and four oxidizer turbopump assemblies are the minimum
needed to provide flow margin in the event of one failed component.
Placement of the turbopumps are between the thrust chambers and
outside of the thrust ring for greater access. The fuel turbopumps
are placed on one side of the vehicle and the oxidizer turbopumps
on the opposite side of the vehicle to minimize the pump inlet
ducting lengths.

3) Five manifolds are require to collect and redistribute flow
between the turbopumps and thrust chambers. The manifolds have a
torus shape and are placed inboard of the thrust chambers and
turbopumps. These manifolds are not rigidly fixed to the struc-
ture, but float to allow for thermal expansion and contraction.
The manifolds are geometrically configured such that stresses
induced by thermal expansion /contraction are minimized.

4) Sixty six valves are required for the IME design to provide
component isolation.

FINDINGS

1) Comparing the IME design to the clustered engine design, the
number of turbopumps assemblies are reduced from 8 to 4, but the
number of isolation valves are increased from 32 to 66.

2) The ducting for the IME design is more complex with the five
manifolds and with twice as many valves. The interface connections
also posed greater alignment problems and increased the number of
leakage points.



FIGURE 1:

INTEGRATED MODULAR ENGINE (IME) SCHEMATIC DIAGRAM
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FIGURE 2:

CLUSTERED (DISCRETE) ENGINE SCHEMATIC DIAGRAM
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