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ABSTRACT: This paper presents a new rotary flow control valve with cam-nozzle structure that Review History:
consists of a pressure compensator valve with an electronic actuator. This configuration installed o eived: 23 September 2016

in a turbojet engine fuel control system. This valve actuation is accomplished directly with a rotary
servomotor. The purpose of this new design is to modify and optimize of a single speed turbojet engine
performance for new missions. The rotary actuator selection, rotary metering valve design with high
travel, direct drive rotary metering valve design and the special metering flow area are the innovations
in the presented design. Because of rotary direct drive metering section, versus usual methods, number
of parts(15-20%) and cost and hence weight of system are decreased. The fuel metering area is the
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lateral area of a cylinder with variable height. The mathematical model and simulation of the system is

performed to obtain optimized design parameters. After manufacturing the prototypes, they are tested
on a special stand for evaluation of system performance and adjusting the fuel system. The test results
compared with the simulation results. Maximum (5%) deviation between model and test results shows

that the model is accurate for prediction of system function.
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1- Introduction

The contemporary trend in the industry towards the
performance increase of mechanical systems and with
simultaneous cost reduction, as a result of the implementation
of electronic controls has its impact also in the area of small
gas turbine engines [1,2]. The purpose of this new design is
to modify a single speed turbojet engine performance for new
missions and modify the hydropneumatic without throttle fuel
control system to a new throttleable and electro-hydraulic fuel
metering and control system. The rotary actuator selection,
rotary metering valve design with high travel, direct drive
rotary metering valve design and the special metering flow
area are the innovations in the presented new design. The fuel
metering area is the lateral area of a cylinder with a variable
height. Because of rotary direct drive metering section
design, versus usual methods decrease the number of parts
and cost and hence decrease the weight of the system. The
result of increase in metering valve rotation angle range is
the high control resolution. The mathematical model and
simulation of the system to obtain design parameters of the
system are performed. After manufacturing the prototypes,
they are tested on the stand for the evaluation of system
performance and adjustment of the fuel system. The
experimental and simulation results are compared. In 1990,
Krepec & Geogantas [3] presented a linear metering valve
coupled to a linear digital actuator as a simple and low-cost
fuel control system for a turbojet engine. In 1997, Mohtasebi
[4] presented two new designs for a fuel control and metering
system. In 2003, Ford Peter [5] presented a new fuel system
for gas turbine engine. From 1999 to 2012 Montazeri et al. [6-
8] presented some fuel systems. In 2007 to 2010 Microturbo
developed two new fuel metering units; first, with a servo
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valve linked to a pressure regulating valve and the second
with an electro pump [9]. In 2011, Robert and Solihull [10]
presented a rotary metering valve for a turbine engine fuel
control system.

2- Description, Modeling, and Simulation

The schematic diagram of the new proposed fuel metering
system is shown in Fig. 1. This system consists of two main
sections; the rotary metering valve and plunger type pressure
regulating valve. Depending on the position of the metering
valve, the fuel flow rate to the engine is controlled. Since
the pressure regulating valve maintains a constant differential
pressure across the metering valve, regardless of variations
in the fuel injection pressure the fuel flow rate is essentially
a function of the metering valve position. The system steady

Metering Valve
Pressure
Reg.Valve

Fuel

Nozzle Qm.p,

B s )
—~— I =

— — Q. P.
Pump :
Inlet p By =
Bypass
Actuator 02 1.:0 pump
inlet

Servomotor

LA

Figure 1. Schematic diagram of a metering section
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state and transient function are governed by these equations
[13-18]:

Qp =Qm +Qb

0,=9,
A,(P,—P,)=Ky +F,

(1)

where Q , is input flow rate, O, , is metered flow rate Q, , is
bypass flow rate, 4, is bypass flow area, K is spring constant,
is F, spring preload. PP , P, are pump outlet and metering
valve outlet pressure, respectively and p is fuel density.
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Where v, is enclosed volume between flow restrictions
before the metering valve. f is the effective bulk modules of
fuel. ¥ is enclosed volume between flow restrictions after
the metering valve. Q  is the flow rate in orifice 1, 9, is
the flow rate in orifice 2. Pressure regulating valve plunger
dynamic:
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3- Simulation and Test Results

Figs. 2 to 4 show the simulation and test results at steady state
and transient modes. Fig. 2 shows the metered, bypass and
pump outlet fuel flow versus input command or throttle angle
in the steady-state mode. Fig. 3 shows the input command in
the transient mode and Fig. 4 shows the metered, pump outlet
and bypassed fuel flow rate in the transient mode.

4- Conclusion

This paper presented a new electro hydromechanical fuel
metering and control valve with a cam-nozzle structure
that consists of a pressure compensator valve for a turbojet
engine. A new direct drive rotary proportional metering valve
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Figure 2. Metered, bypass and pump outlet flow versus input
command (throttle angle)
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Figure 3. Input command in the transient mode
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Figure 4. Fuel flow rate versus time

was proposed for the use on fuel metering units in fuel control
systems. The new valve directionally was coupled to a rotary
actuator (servomotor type).
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