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1 Introduction

User Requirement statement (what you have been asked for)

This document provides the rationale for, and a description of, the design process
covering the design, manufacture and installation, commissioning and operating
procedures for the test rig forming the basis of Work Package 2 Task Two as
required under the terms and conditions of the ETI Contract Number PE02162.
Section 6, Task 2: Experimental investigation at increased scale using a circular
tube.

The scenario of interest is one in which a CCGT/CCGE flames out for whatever
reason and for the following few seconds unburnt fuel passes through the turbine (in

- the CCGT case) without re-igniting and into the exhaust system. In such
circumstances and with pure hydrogen as the fuel, the average downstream mixture
will be in the region of 12% v/v hydrogen in air, at temperatures of the order of 800K,
depending on the degree of compression achieved in the compressor. For CCGE
applications the hydrogen concentration may be twice as high. If re-ignition is then
assumed to occur, the project seeks to assess the potential consequences,
particularly with reference to flame acceleration and detonation propensity of the
air/fuel mixtures. This is to be done using reduced scale models of an actual system
such that the appropriate scaling criteria can be identified to enable predictions to be
made of the hazards at full scale.

- 1.1 Background

Function specification (what the system is to deliver and how)

The Participants will manufacture, commission and undertake a series of
experimental measurements using a test rig, comprising a jet engine to provide a hot
vitiated air flow, and a nominal 600 mm diameter duct, some 12 metres long. These
will quantify the ignition and flame acceleration up to and including detonative
potential for the fuels systems selected.

The rationale for using this size of rig is based on the consistent experimental and
theoretical evidence for hydrogen mixture compositions with marginal detonation
behaviour, for which the detonation cell size is characteristically several times that for
the stoichiometric fuel mixture and rises asymptotically towards the detonation limit
within a few percent for further mixture dilution. With an established detonation cell
width for stoichiometric hydrogen-air of approximately 10 mm at near ambient
conditions and a critical channel width for detonation propagation of no more than
this, it will be feasible to accommodate, close to the detonation composition limits, a
potential hydrogen detonation with muitiple cells across the width of the 700 mm
duct.
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The Participants will test and build on the findings from WP1 and WP2, Task 1 at this
scale using the small gas turbine to provide a hot vitiated airflow. This will enable
validation in a controlled and systematic manner for the modelling, test results and
the scaling parameters used in Task 1. The facility may also provide a better
appreciation of the technology required to control and operate gas turbine engines
running with hydrogen-enriched fuels safely. In particular this will apply to where and
when a combustible gas mixture may exist in the exhaust gas stream.

1.2 Objectives

Plant objectives (what do you want to.get from this)

The specific objectives of this part of the overall programme of work are to
investigate in a nominal 600 mm diameter duct its effect on the results from the small
scale study of Task 1 into the auto-ignition delay times, limits of flammability, and
DDT potential for the selected systems of high-hydrogen fuels as defined in the
literature review from Work Package 1. '

The proposed test programme also seeks to assess the risk of ignition of non-
combusted hot exhaust gases on hot surfaces for a specified flow rate and exhaust
gas temperature as tested in the Task 1 test programme. It will also act as a test bed
for the essential configurations and diverse situations that will be encountered with
the Task 3 test rig in which replicate heat exchangers will be present such that their
influence on the detonation propensity can be examined.
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2 Description of Rig

The test rig comprises a Rolls-Royce (R-R) Viper gas turbine, type 203, with an
exhaust that feeds into the 600 mm diameter circular duct some 14,500 mm in
length. The duct comprises four by 3000 mm long un-insulated sections, flanged and
bolted together. It is designed to withstand a maximum static pressure of 20 barg and
a maximum average wall temperature of 400° C. A further two 1250 mm long
section’s are incorporated between the engine’s turbine and the start of the 600 mm
diameter duct. One section, attached to the start of the duct, is designed to fail at a
dynamic pressure of around 5 bar, and by doing so, is intended to minimise the back
pressures reaching the engine. The second section provides a nozzle from the
engine turbine into the duct such that the turbulence levels in the flow are minimised.
It also contains the turbine cone and six guide vanes, which are also used as a
means of injecting and mixing the test gas mixtures into the main hot gas flow from
the engine. Minimising the back pressure on the engine turbine in the event of a
major deflagration in the test duct is particularly important, as under the intended test
conditions there will be a volume of non-combusted gas mixture on either side of the
ignition point through which flame and pressure waves may propagate and
accelerate. The rig and its associated components will be manufactured from a
suitable grade of stainless steel. A GA drawing of the proposed test rig is shown in
Fig. 1.

The operating procedure chosen requires the engine to be run for several minutes in
order to heat the test duct to the desired operating temperature such that a gas
temperature of not more than 500°C along the duct is achieved. The engine is then
kept running and a high-hydrogen fuel sample, together with sufficient oxygen to
restore the level in the exhaust stream to approximately 21%, are injected at the -
same time into the engine exhaust immediately downstream of the engine turbine.
The flammable gas/oxygen mixture injection process will last for no more than ten
seconds, during which time ignition of the mixture will be attempted. Ignition of the
injected gas mixture will be via an electrical spark, or a hot surface, these will be
installed axially downstream of the fuel injection point at an appropriate distance.

The complete test facility comprising the jet engine and the duct, with its associated
components will be housed in a 20 metre long by 2.5 x 2.5 metre cross section steel
tunnel. This tunnel is attached to a substantial concrete pad, which is capable of
withstanding the dynamic reaction loads resulting should a stochiometric hydrogen
detonation occur within the test duct. The test duct itself is attached directly to this
concrete pad through an anchor plate attached at the beginning of the test duct
proper. The rest of the duct is simply supported in order to allow for thermal
expansion. The R-R viper engine is mounted independently within the tunnel, with a
gap of no more than 10mm between its turbine and the fixed cone at the entrance to
the test duct. A shroud is placed around the outside of the duct/turbine interface to
minimise exhaust spillage.
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2.1 Instrumentation

A series of bosses will be welded along the length of the tube at 500mm intervals,
drilled and tapped to take a range of fast response sensors for measuring pressures
and temperatures along the tube as well as optical probes for-detecting flame. In
addition 80mm diameter viewing ports will also be provided in each tube section at a
distance of some 500mm from the beginning of each 3000mm length of tube. A
single optical glass will be provided which can be used in any of the four tubes, the
other three ports being blanked off. This will allow LDA measurements to be made of
the flow velocities and turbulence intensities across the tube at up to four different
downstream positions. ’

A 32-channel data logging and processing system will be provided, which has an
appropriate rate and resolution for rapid data collection. The fast response pressure
sensors will measure the pressure across the wave fronts in the duct. The fast
response thermocouples will measure the gas temperature outside the boundary
layer, whilst other thermocouples will monitor the duct wall temperature, fully
developed turbulent flow being assumed. Optical probes will detect flame passage,
and all of the probes will be used to monitor flame propagation parameters i.e.
distance/ time/ velocity. Several additional pressure transducers are available for
measuring static pressure in the duct and around the engine exhaust as necessary.

HSL's Visual Presentation Services will provide appropriate photographic and video
records of the test rig and the tests during both the commissioning and the
experimental programme. ‘

2.2 Engine Conversion

The Viper jet engine will provide a mass flow of around 15-18 kg/s, with a turndown
ratio of 4:1. The engine has a power output of 3.0-3.5 MW, and jet velocities in the
600 mm diameter duct are expected to be in the region of 50-150 m/s. A dedicated
mass flow meter type intake will be provided so that the airflow is smooth and the
mass flow rate can be measured from the pressure drop at the throat of the intake.

It has been decided to run the jet ehgine on butane in order to minimise the
possibility of soot particles affecting the DDT behaviour of the gasses being tested.
Consequently the design of the gas turbine rig will involve modification of the engine
prior to commencing the test programme and obtaining a four tonne liquid butane
storage tank for the duration of the test programme. Modifications to the engine to
run on butane involve the removal of its existing fuel pump and fitting an external
variable speed poéitive displacement pump to meter the fuel flow into the engine and
therefore control its speed. To this end expertise from another company, Reaction
Engines, who have specialised technology for running a Viper engine on butane, is
being bought in so that the risks of any unforeseen technical difficulties arising from
the conversion of the engine are minimised.
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2.3 Control System

The control system for the engine is an adaptation of the established control system
used when running the Viper engine in its normal mode on kerosene. A dedicated
PLC system will be purchased and programmed to control the engine and ensure the
prescribed safe operation of the engine, rig and facility. The specialised experience
of Reaction Engines will be used again in the development of the control system, as
it will- need to accommodate extra safety features relating to the use of butane as
fuel. The engine is started using an electrical starter to spin it at 530 rpm; it then uses
pilot fuel injectors to spool it to idle (5000 rpm) before switching over to the main fuel
injectors.

The control system reads and records a number of engine and rig parameters such
as RPM, oil pressure, compressor pressure, exhaust temperature and pressure,
intake mass flow rate etc. Software will be written to communicate with the PLC
system and display these parameters on computer screens as well as storing them
on a hard drive. The clock of the control system will be synchronised with that of the
data acquisition system so that data from other instruments can be correlated to
engine parameters.

The PLC will be located in close proximity to the engine whilst the part of the control
system responsible for displaying and storing the engine parameters will be in the
control room which for safety reasons will be situated some 200 metres from the
engine. Engine start, speed settings and shutdowns will be carried out from the
control room. Failsafe hardware will be installed, which in the event of a power
failure, gas leakage, and engine over speed or over temperature will automatically
shut down the engine.

2.4 Gas Mixture Supply

The system of gas supply will consist of two stainless steel pressure vessels with a
maximum capacity of 100 litres and a MWP of 200 barg. One vessel will contain
oxygen the other the fuel mixture. The latter will comprise mixtures of
hydrogen/methane/carbon monoxide and nitrogen when required. Specific gas
mixtures will be prepared from individual gas cylinder packs using a booster pump.
Mixtures will be quantified using partial pressures. Mixtures and individual gases up
to 100% concentration can be prepared in this way.

The means of injecting the gas mixtures will be a flow through system, injecting
directly into the exhaust stream and relying on the injection process to ensure that
the gases are fully mixed with the exhaust stream. This avoids waste and reduces
the risk of a flash back. The mass flow rates of the injected gasses will be measured
using individual mass flow controllers, and the supply line pressures will be regulated
using pressure regulators.
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The gas supply system will be located in a well-ventilated area and will be piped to
the rig, which for safety reasons will be located at some distance away. The pipe
work with its associated pressure regulators and flow controllers will be designed and
installed to accord with the Pressure Systems Regulations.

2.5 D_ata Collection

SCITEK will design and install the data acquisition system for the rig, using hardware
from National Instruments in the form of cRio, PXI / SCXI systems that have fast data
acquisition capability as well as signal conditioning capability for different types of
sensors. This system will also be interfaced to the engine control system, which is
also a PXI / SCXI system. The data collection software will ensure that all critical data
is displayed in numerical and graphical form and stored for more detailed analysis in
due course. The software for data acquisition and control will be written by SCITEK in
LabView, which is the industry standard. ’

2.6 Commissioning

The completed rig will be mounted on a solid steel frame and installed on a concrete
pad that is within the experimental test area of the HSL site. The rig including the
Viper jet engine will be fully enclosed, for safety reasons within an existing mild steel
blast tunnel. This tunnel comprises several 2.5 metre long sections bolted together to
give a total length of 15-20 metres. Its cross-sectional dimensions are 2.5 X 2.5
metres. This enclosure will provide protection from inclement weather and a suitable
working environment, as well as containing any debris in the unlikely event of an
engine or duct failure.

The rig will be operated from a nearby control room, some 100 metres away, where
- the data collection and processing system will also be housed. An exclusion zone will
be declared and maintained around the test rig during its operation. Fig. 2 gives a
plan view of the test site and Fig. 3 shows the blast tunnel.

The engine will be commissioned first to ensure that the control system is responding
correctly such that the operating conditions can be maintained and cpntrolled such
that the engine starts without flameouts as these may release unburnt gas.

Engine running tests will follow to ensure that steady state gas flow temperatures are
established in all parts of rig within an acceptable time scale. The steady state
temperatures and operating conditions will be recorded. Once the required gas flow
conditions have been achieved further tests will be undertaken to validate the fuel
mixture and oxygen injection systems, that adequate mixing is being achieved, and
that the instrumentation is functioning correctly together with the data collection
system. The test programme currently includes a total of five commissioning tests.
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2.7 Safety Assessment

HSL will undertake the risk assessment of the rig and will have .responsibility for the
safety of the rig; others will contribute to this process particularly with respect to the
operation of the Viper jet engine. All work done will be in compliance with the relevant
CDM, DSEAR and Pressure Systems regulations.

As part of the safety measures a gas detection system will be installed within the fuel
storage and engine areas to detect any fuel leakages, this will be linked via the
engine control system to safety cut-off valves. Other fire prevention measures will be
included as necessary.
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3 Product Specification

3.1 Tube Se‘ction KM

3.1.1 Description

The tube comprises four sections each of which is 3.0 metres long, together with a
0.450 metre long sacrificial section and a 1.270 metre long interface section. Each
section of tube is flanged in accordance with the code. Proof of conformity with the
code will be provided for both the tube and flange materials.

The sections mate with adjacent sections such that any radial misalignment between
sections does not exceed 0.5 mm at any point around the circumference of the
mating surfaces. The sections are spigotted and bolted together without the use of
gaskets; the mating surfaces are machine finished, as the joints do not have to be
leak proof. (“O” ring seals are used for hydrostatic proof testing purposes.) .

The tubes are to be manufactured from 304L grade of stainless steel, with their
seams ground internally to provide a smooth surface along the length of the finished
tubes.

Each section of tube has a series of bosses welded along their length at 0.5 metre
intervals, starting at a distance of 0.25 metres from the tube ends. These are drilled
through and tapped to 1.0-inch BSP parallel female pipe threads flat bottomed. Each
tube also has a single 80mm diameter optical viewing port at a distance of 0.5 metres
from one end. .

A cradle, whose height is adjustable, supports each section. Each cradle runs within
two channels with sideways movement being prevented by adjustable castors. This
enables the sections to be easily moved within the enclosing tunnel (Fig. 2), and to
be aligned and bolted correctly to each successive tube section.

The sacrificial tube comprises a 400 mm long thin walled section that is held, without
end-load between two flanges by twelve tie rods.

There is an interface section attached directly to the sacrificial tube section, this
contains the engine exhaust cone that is held in place by six guide vanes. There is
provision for injecting the test fuel mixtures into the exhaust stream circumferentially
through the vanes together with the make up oxygen. It is not rigidly connected to the
engine exhaust turbine housing, as an opening between it and the rotating engine
turbine is required in order to vent any excessive backpressures.

A turbulence generator has also been provided, comprising a removable vertical grid
of five tubes whose diameter may be changed from 25mm up to 50mm. This unit can
be mounted at the inlet to the first of the four 3.0 metre long tubular sections.

The completed tube is fixed, at a centre-line height of 1.0 metre from the base of the
surrounding tunnel (Fig. 1). It is anchored at one point only to the underlying concrete
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base. The attachment point is from the flange on the interface section. Expansion of
the tube when in operation is accommodated through movement of each section on
its respective cradle.

A series of detail design/concept drawings are enclosed as Figs. X-XX for all of the
components described.

3.1.2 Assumptions

It is assumed that the internal diameter of the tube is nominally 600mm and that it is
capable of withstanding an internal static pressure of 20 bars maximum. The
 maximum average wall temperature is taken as 400°C.

The tube is also designed to comply with ASME B31-3 Pressure Piping code and
ASME B16-5 Flange Code. In addition all components will comply with the Pressure
Equipment Regulations 97/23/EC, and HSL will sign-off all manufacturing drawings
prior to manufacturing commencing.

The sacrificial section is designed to fail at dynamic pressures of the order of 3-5
bars.

The turbulence generator can withstand an impulsive pressure load of 20-bar acting
normally across the full section.

It is assumed that the engine exhaust cone and supporting vanes may be subjected
to an impulsive reaction due to a pressure not exceeding 20 bars acting along the
pipe centreline towards the gas turbine. The mounting system may also be subjected
to this pressure but it is assumed to apply over the whole cross-section of the tube.

3.1.3 Calculations

Tube and flange design: Designed in accordance with ASME B31.3 Pressure
Piping Code then the maximum allowable working pressure at 400°C is 23.9 barg
(which is adequate for the requirement of 20 barg). Prof. Saville from Imperial
College comments that the 600 mm x 9.53 mm wall should be good for 30 bars.

A forged flange according to ASME B16.5 in 304L of 300Ib dimensions is rated at
23.9 bar at 400°C and is therefore adequate. These flanges are quite big, 36" dia for
a 600 mm pipe. The flange thickness is equally large at 2.75". The weight of the
flanges alone is substantial. ‘A 3 metre section of completed tube is estimated to
weigh about 1.5 Tns.

The use of this tube size also allows for any unforeseen significant overpressures in
the unlikely event of a DDT occurring, when very short durations/transient dynamic
pressures of 30-40% in excess of static loading could occur. For the most energetic
conditions of very hydrogen rich systems, which we may well not encounter, this will
still mean peak pressures below the static proof test conditions. Of course, this
assumes any such event would not occur repeatedly at the same location.
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The assumed design pressure has been confirmed from the calculations undertaken
under contract by both BAES and Dr. G. Munday. The former assuming a hydrogen
detonation occurs under stoichiometric conditions then the predicted maximum
pressure is 22 bars, with peak pressure spikes some 2-3 X greater but lasting for less
than 10 micro-seconds. Consequently these may be ignored as their duration is well
below the period of the natural frequency of the tube.

Instrument ports: The bosées are some 50mm in diameter and are welded directly
to the outside of the tube sections in accordance with the ASME code.

Sacrificial section: Wall thickness calculations to follow.

Interface section: The walls of this section are manufactured from 304Lplate with a
slightly thicker section (10.0 mm) than that used for the four tube sections. It strength
is therefore adequate based on the previous tube section calculations.

Turbulence generator; clc'eouls to be adeleot

Anchor plate: This comprises both the attachment to the tube at the interface
section and the mounting to the concrete base underneath the containing tunnel. The
reinforced concrete base is located 1.52 metres below the centre-line of the test rig
and its dimensions are 32 x 3.25 x 0.375 metres. It weighs some 94 Tnf. Calculations
to follow.

3.1.4 Implementation/ design

A series of detail design/concept drawings are enclosed as Figs. X-XX for all of the
components described above in section 3.1.1. '

3.2 Engine and Butane Fuel Systems Scitek

The Rolls-Royce Viper mk301 engine is a single shaft axial flow turbojet that
produces a maximum thrust of approximately 2500 Ibs. The engines purchased for
this particular research project were both previously installed on Hawker Siddeley
HS.125 aircraft, a small business jet that was also used by the RAF for navigation
training under the designation Dominie T-1. For this experiment one engine has been
converted to operate with butane fuel in order to reduce the amount of soot produced
in the exhaust. The second engine will be kept as a spare for unforeseeable failures
with the first.

The engine will be mounted on a frame manufactured by SCITEK (see Figure 1
Viper—engine—-SN304023-before-undergoing-conversion—to—butaneFigure—1)
such that he centreline of the engine is 1.0 m above the floor. The engine frame will
be secured to the floor by means of an A-frame which will be bolted to the engine
frame by 8 M10 bolts and to the floor by 8 M10 bolts (2 on each of the four feet).
Previous experience running the engine in this configuration has proven to be
perfectly satisfactory. Before every engine run it will be required to check that the
floor anchoring bolts are tight and did not become loose during a previous run. '
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An electric starter motor will be fitted to the underside of the engine and it will be
powered by one of two 12V rechargeable batteries. After the starter begins to turn
butane fuel will be introduced into the engine via a flexible pipe directly from the fuel
system’s engine pump. The volume of fuel introduced and the starter motor operation
will all be controlled remotely using SCITEK’s control panel which will utilise a
National Instruments cRIO system (PLC). A number of other parameters, such as the
mass flow rate of air in the intake, the engine RPM, the oil pressure and exhaust
temperature will also be monitored by the cRIO.

A PC will be used to communicate with the cRIO while at the same time providing a
user interface. The cRIO will be housed in a 19 inch rack enclosure and will also
feature engine start and stop buttons as well as other hard wired safety systems.

Figure 1 Viper engine SN301023 before undergoing conversion to butane

The butane required to run the engine will be stored 40 m away from the engine in an
existing tank with a water capacity of approximately 4500L. This tank was previously
used to store propane, but it will be refurbished by HSL for use in this fuel system.
The tank will be fitted with a refill point, over flow valve, pressure relief valve, level
sensor and excess flow valves. The exact specifications for these components are
yet to be determined, however it is anticipated that most will be similar to those
currently installed on a similar butane fuel system at Reaction Engines in Oxford.

The fuel will be pumped from the tank by a boost pump towards the engine along a
1" to 2” bore pipe. The boost pump specified for the fuel system is a 2.2 kW M
Pumps CT MAG-M6/2S coupled multistage peripheral pump with ATEX certification.
This pump requires 3-phase power and is capable of moving approximately 2.5 m® of
butane around the fuel system per hour.
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Nearer the engine the pipe work splits into two lines, where one returns fuel to the
tank (1” bore pipe) and the other (1%2” bore pipe) sends fuel onto the engine.
Approximately 30 minutes before the engine is due to start fuel will be circulated
around the return loop in order to ensure that all pipes are filled with liquid at engine
start. At engine start a remotely actuated valve fitted to the engine frame is opened
and fuel is allowed to flow through to the engine pump.

The engine pump installed will be a 7.5 kW Hydra-Cell diaphragm pump model
G25SMCTHFECA. This pump also requires 3 phase power and is capable of
achieving the desired flow rate of 2.5 m%hr at 629 rpm. At full speed the pump can
achieve a rate of 2.5 m*%hr. The pump will be fitted with a remotely controiled AC
inverter which will allow the pump speed to vary. This therefore controls the fuel flow
into the engine, effectively throttling the éngine and controlling the engine speed.

Four remotely actuated valves will be fitted at various locations around the system.
Each valve will be an ATEX certified ball valve and will have ATEX limit switches
fitted so that the open/closed position will be relayed back to the control system. The
first of these valves will be located on the fuel line leaving the tank, the second
immediately before the boost pump, the third on the return line and the fourth
immediately before the engine pump. This final valve will also as an emergency shut
off valve in the event of the engine having undergo an emergency shutdown. The
exact specifications of these valves are yet to be determined, at the time of writing
SCITEK are waiting on advice from Reaction Engines.

A number of pressure relief valves, manual valves and non-return valves will also be
placed throughout the system A revised design to suit the site at HSL Buxton is in
progress and so the number, locations and ratings of these valves will be specified in
due course.

3.3 Gas supply HSL

3.3.1 Description

The gas supply system consists of two stainless steel pressure vessels with a
maximum capacity of 100 litres and a MWP of 200 barg. One vessel contains oxygen
the other the fuel mixture. The latter will comprise mixtures of
hydrogen/methane/carbon monoxide and nitrogen when required. Specific gas
mixtures are prepared from individual gas cylinder packs using a booster pump, and
the mixtures quantified using partial pressures. ‘

The gas mixtures are injected directly into the exhaust stream and rely on the
injection process to ensure that the gases are fully mixed with the engine exhaust
stream. The mass flow rates of the injected gasses are measured using individual
- mass flow controllers, with the supply line pressures regulated using pressure
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regulators, PRV’s and stop valves. The proposed system is shown in the P&ID
diagram as Fig. XX.

3.3.2 Assumptions

It is assumed that the maximum mass flow rate from the gas turbine will be 15 kg/s
and that the maximum v/v concentration of gas mixture to be injected will be 15%. In
addition makeup oxygen is injected at a rate sufficient to restore the oxygen levels in
the exhaust stream to 21%. The gases injected are stored at ambient temperature
and rely on the mixing process to heat them to the required operating temperatures
of up to 5000C.

It is further assumed that a test will last no longer than 10 seconds; consequently the
quantities of gases stored are based on this time.

3.3.3 Calculations

3.3.4 Implementation/ design

3.4 Instrumentation Scitek/ KM

The proposed circular duct test rig has been divided into four major sections, the
engine, the butane fuel system, the gas delivery system and the pipe section, for the
purpose of demonstrating the locations and specifications of the required
instrumentation. Figure 3.1 shows the schematic layout of the engine and pipe
sections (the fuel system and gas delivery system are not shown here).

Figure 2 Representative diagram of the proposed circular duct test rig

Engine Section ' Pipe Section

—J || | |

=

3.4.1 Engine Instrumentation

The Engine section outlined in figure 3.2 will be instrumented in three parts, the
intake, the Viper mk 301 engine and the diffuser/transition. At the intake the mass
flow rate of air entering the engine will need to be known so that the correct mixture
of gases can be injected downstream of the turbine. To determine the air mass flow
entering the engine a specially designed intake (based on methodology
- recommended by Rolls-Royce) is used. The intake features static pressure tappings
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at its throat and by measuring the static pressure during operation the mass flow can
be inferred.

‘Typically the mass flow rate is calculated via the following equation:

= A, 2p(P

amm

P,

where 1 is the mass flow rate of air, Ay is the effective flow area of the intake at the
throat, p is the density of the air, Panm is the atmospheric pressure and P+ is the static
pressure in the intake at the throat. '

Figure 3 Representative diagram of the proposed engine section of the circular
duct test rig

Intake Engine Diffuser/Transition
]

The atmospheric pressure will be measured by a Druck PTX1400 or equivalent
absolute pressure transducer with a typical range of 800 mbar to 1200 mbar situated
near to, but not on, the engine. The static pressure at the throat of the intake will also
be measured by a Druck PTX 1400 or equivalent pressure transducer, but this
sensor will measure gauge pressure with a maximum range 500 mbar below
ambient. The density of the air is known, however it does vary with temperature so
for this reason a PT100 platinum resistance thermometer such as an Omega
RTD805/6 will also be installed near the engine. All three instruments will be sourced
from existing SCITEK stock where available, but some may need to be purchased
specifically for this rig.

At present the calibration curve to convert static pressure at the throat to mass flow
has been obtained from CFD predictions, however for this experiment a more
accurate calibration will be required. To do this a five hole probe will be inserted into
the air stream at the throat of the intake. The probe is a group of five parallel hollow
tubes arranged so that the open ends lie in the centre of and on the four points of a
cross. The leading edge of each tube on the outer points of the cross is cut at a 45°
angle to allow air to enter the probe from multiple directions (see figure 3.3). The
difference in pressure recorded at directly opposing tubes yields the flow direction,
while the pressure recorded over all of the tubes yields the total flow velocity. By
traversing this probe along the radial of the intake the total mass flow rate will be

19
An agency of the Health and Safety Executive ISO 9001 Approved

1ISO 14001 Approved

Investor in People



determined. At the time of writing a five hole probe suitable for the mass flow rate
calibration has yet to be identified. When a probe is found, SCITEK will arrange for
purchase or temporary loan of the instrument.

Five engine parameters will be monitored to track the engine health when in use, the
engine RPM, the butane fuel flow andpressure, the engine oil preséure and the
compressor delivery pressure. A frequency generator that already exists on the
engine will send a signal that is proportional to the engine RPM back to the control
system where it will be interpreted. The butane mass flow rate will be monitored via a
turbine flow meter located on the engine. It is envisaged that a flow meter from an
existing viper engine will be used following a recalibration, however if one cannot be
sourced an equivalent 3™ party turbine or coriolis flow meter will be fitted to the fuel
line. A Druck PTX1400 (or equivalent) pressure transducer with a maximum range of
50 bar will be installed upstream of the flow meter for safety purposes; for example if
the fuel pressure recorded falls outside of the operational limits an emergency
shutdown of the engine will be triggered. Lastly two further Druck PTX1400 (or
equivalent) pressure transducers with a maximum range of 10 bar will be fitted to the
engine in order to monitor the oil and compressor delivery pressures. Each of these
pressure transducers will be acquired and fitted by SCITEK.

Figure 4 Example Five Hole Probe (Benson, 2009)

The Diffuser, or Transition section as it is also referred to, expands from an annular
geometry immediately aft of the turbine through to a cylinder at the interface with the
pipe section. The temperature of the gas exiting the turbine will be monitored to
ensure the engine is not operated outside its safety constraints and for comparison
with measurements made throughout the pipe section. Three K-type thermocouples
with @ maximum temperature rating of 1100 °C will be purchased by SCITEK and
inserted into the air stream through equally spaced ports around the circumference of
the diffuser.

The engine control system will monitor all of the parameters described here. If, for
example, an over temperature in the exhaust or an overspeed in the engine RPM is
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detected the control system will automatically cut the fuel supply to the engine. This
is necessary in order to ensure the longevity of the engine and its safe operation.

For more detailed information on the instrumentation planned for the engine section
refer to table 3.1.

3.4.2 Butane Fuel System Instrumentation

The Viper engine in the proposed circular duct test rig will be fuelled by an on-site
butane supply. A large tank, with a water capacity of approximately 4500 L, will be
situated 40 m away from the test site and the fuel will pumped to the engine via two
pumps. The amount of fuel remaining in the tank must be known during testing so a
level sensor will be installed in the tank and the data recorded will be fed directly into
the control system. At the time of writing a suitable level sensor has yet to be
identified, however SCITEK will work with HSL to specify, purchase and install a
sensor before the experimental program commences.

Two pumps will feed the Viper engine with butane, a boost pump and an engine
pump. The boost pump, manufactured by M Pumps, cycles fuel around the supply
system (see Section 3.5) by turning at a constant rate so a remotely operated on/off
switch will be used to control it. The engine pump, manufactured by Hydra-Cell, will
be fitted with a 3-phase inverter (supplied with the pump by Hydra-Cell) so that the
flow of fuel into the engine can be controlled by varying the pump speed. The pump
RPM will be monitored remotely while in operation by the control system.

Four remotely actuated ball valves will be fitted at various locations in the butane fuel
system (see Section 3.5). Each ball valve will be ATEX rated and fitted with two
ATEX rated limit switches that will return a signal to the control system when
activated. This will allow for remote monitoring of the open/closed status of the valve.
Finally, to ensure the safe operation of the butane fuel system, a Druck PTX1400
ATEX rated pressure transducer will be installed between the boost pump and the
engine pump (immediately before the shut off valve). With a range of 0 to 25 bar, this
sensor will send a 4-20 mA signal to the control system allowing the system pressure
to be monitored remotely. The signal from the pressure transducer will also be
monitored by the emergency stop system, which will be activated if the fuel pressure
falls outside of the pre-defined operational limits.

For full details of the butane fuel system see Section 3.5. For more information
regarding the instrumentation used in monitoring and controlling the fuel system see
table 3.2.

3.4.3 Gas Delivery System Instrumentation

Mixtures of Hydrogen, Oxygen, Methane and Carbon Monoxide gas will be injected
into the engine exhaust stream between the turbine and the diffuser. Stored in a rack
of bottles held at pressures of up to 200 bar, the quantities of each gas injected into
the engine must be controlled with high accuracy so a number of flow controllers will
be installed on the rig. The mass flow rates for each gas are not expected to exceed
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0.19 kg/s for Hydrogen, 1.12 kg/s for Oxygen, 2.74 kg/s for Carbon Monoxide and
1.57 kg/s for Methane. If required a PT100 platinum resistance thermometer will
accompany each flow controller (depending on type installed) so that the mass flow
rate can be corrected for any changes in temperature. SCITEK and HSL will work
with suppliers such as Bronkhorst and Emmerson Process Management to identify
the type of flow controllers most suited to the rig and arrange for purchase. For
further information on the instrumentation required for the gas delivery system refer
to table 3.3. :

3.4.4 Pipe Section Instrumentation

The pipe section of the rig consists of four 3.0 m long tubes that are flanged toge’ther.
Each tube will have six 1" BSP ports aligned along the radial spaced 500 mm apart,
with the first and last ports 250 mm from each end (see figure 3.4). These small ports
will allow a number of different measurements to be made when the rig is
operational.

In order to ensure that the rig is at the temperature desired for the
deflagration/detonation experiments, the gas temperature immediately adjacent to
the wall must be monitored. Eight K-type thermocouples, sheathed in a tube of
approximately 3 mm diameter and up to 30 cm in length, will be fitted into a number
of the 1" ports so that the tip of the sensor is sampling the air temperature within 5
mm of the inner wall surface. The long length of the sheath enables temperature
measurements further into the tube to be made if desired. SCITEK will arrange for
the purchase of these thermocouples when the final rig design is completed.

Flames produced as a result of a deflagration or detonation.will be detected using
ionisation probes and it is expected that up to 8 of these probes will be used at any
one time. At the time of writing the specifications for this instrument were yet to be
received from Imperial College.

If a deflagration or detonation occurs within the pipe it is likely that a shock wave will
travel along its length. By fitting a series of pressure transducers in selected 1” ports,
the magnitude and velocity of the shock wave can be determined. The sensors
required for these dynamic measurements should also be able to measure the static
pressure to reasonable accuracy within a hot environment (~500° C). One sensor
capable of recording both dynamic and static pressure at temperatures of up to 1000
°C is the Kulite WCTV-312 water cooled transducer. With a natural frequency of 1000
Hz at 70 bar maximum range, the Kulite will measure short transient peaks down to
10 ps at an accuracy of 0.1 % FSO. At the time of writing SCITEK is waiting to
receive a quote for 8 of these sensors from Kulite.

The flow from the exhaust of the Viper engine is required to spread evenly and flow
uniformly through the tube. In order to confirm that it is uniform the flow will be
characterised by inserting a rake into the flow stream. The rake, approximately 700
mm long, will enable the temperature and flow velocity across the diameter of the
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tube to be measured. Temperature measurements throughout the flow will be made
using 8 small k-type thermocouples evenly spaced along the rake. Likewise the head
pressure will be measured at 8 locations along the rake. The flow velocity is then
inferred from the difference between the head recorded at each transducer and the
static pressure measured by the Kulite sensor in a neighbouring port. This rake will
be manufactured by SCITEK.

Figure 5 ' Representative diagram of a segment of the proposed pipe
‘ section of the circular duct test rig

Pressure, Temperature and fonisation Probe Ports

LDA System
Viewing Port J

A larger port approximately 100 mm in diameter will be located 500 mm from the
front of the tube segment at 90° to the smaller 1” ports. This 100 mm port will suit an
optical window, which will be fited when performing flow characterisation
experiments using a Laser Doppler Anemometer (LDA). The LDA crosses two beams
of collimated, monochromatic, and coherent laser light in the flow of the fluid being
measured. The two beams are usually obtained by splitting a single beam, thus
ensuring coherence between the two. The transmitting optics focuses the beams to
intersect at their waists (the focal point of a laser beam), where they interfere and
generate a set of straight fringes. As particles (either naturally occurring or introduced
using seeding generators) entrained in the fluid pass through the fringes, they scatter
(reflect/refract) light that is then collected by the receiving optics and focused on a
photodetector (typically a photo-multiplier tube). The particles are small, typically less
than 3 microns, so that they can accurately follow the airflow. :

As the particle travels through the fringe pattern (fringe spacing usually around 14
microns) a series of scattered light pulses are seen by the receiving optics. The
period of these pulses represents the time taken for a particle to cross two fringes. As
the fringe spacing is very accurately known the velocity of each particle can be
calculated. The calculated velocity represents the component of particle velocity
which lies in the plane of the two laser beams. By using lasers that produce more
than one wavelength (colour) and by arranging the fringe pattern produced to be
perpendicular to each other all three flow velocity components can be simultaneously
measured. For the tests to be carried out in this project a two-component LDA
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system will be used to measure the axial and tangential component of the flow. The
radial component of the flow will not be measured but it is assumed that it will not
vary. By measuring thousands of particles the average velocity and the turbulent
intensity of the flow can be calculated at a single point.

The SCITEK LDA is a two component Dantec Dynamics system making use of an
Argon-ion laser producing two wavelengths (Green and Blue) to measure each
component. The processor is a modern FFT proces'sor capable of measuring
100,000 particles per second for each component. The system is capable of
measuring flow velocities from near zero to supersonic speeds, so it is well suited to
the current project.

Figure 6 Schematic diagram of a Laser Doppler Anemorﬁetry System
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The large port on the side of the tubing will also be used to collect samples of the gas
for analysis in a small mass spectrometer. A mass spectrometer takes a sample of
gas, ionises the molecules contained within it and then separates them into groups of
like ions by virtue of their molecular weight. The number of molecules in each group
is a representation of the overall composition of the gas at the location the sample
was taken.

A study of the function and type of mass spectrometers available for this application
was completed by Bruce Ewen (Chementech) as part of work package 3. The
investigation recommended two suitable mass spectrometers, the Proline from
Ametek Process Instruments and the GAM300 from InProcess Instruments. The
Proline, detailed here as it is the cheaper and smaller alternative ($125000US for
ATEX), measures masses from 1 to 300 amu, with a detection range of 1ppm to
100% and accuracy better than 0.5% of the measured range. The mass
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spectrometer was not listed in the original specifications document, however if used it
will provide detailed information about the composition of the exhaust gases both
before and after mixing with the introduced gases.

For further information on the instrumentation required for the pipe section of the rig
refer to table 3.4.

25
An agency of the Health and Safety Executive 1ISO 9001 Approved

ISO 14001 Approved

Investor In People



9|doad uj J01SaAL|

panoiddy LO0OYL OS!

9¢

panoiddy L006 OSI

anlnoaxg Alsyes pue yjjea syl jo Aousbe uy

L YW 0Z-% umoudun Jayanul aseyd ¢ 190-eipAH JSudAU| | INdY dwind auibug fianiop
L umouun - HO/MO HJOmuo | smeys dwnd jsoog saujj jan4 {eny sueing
: ) uof}29g
Aiuenp jeubisg abuey adA] juawnisuj JUBWIDINSEI -qng uodeg
~Bu 388} 10np Jgnouo pasodoud ayj 1o} Isi| uoeusWNISul aulbug — L'¢ 8jqel
Xew ajnjeladwsa)’
¢ | pauonipucH 9. 00L1 ww ¢ payjesys adA -y a|dnooouliay | adA |-y Jsheyxy Jssnyiqg
Jsonpsues
L YW 0zZ-¥ | XewlieqQl (3usjeainba 10) Qo¥LX1Ld Yonig ainssaid abneg ainssaid |I0
Jaonpsuel} ainssaud
L Yuw 0z -y Xew Jeq 0} (usjeainba 10) 0OV L X1d Moniqg ainssaid abneg Jossaidwo)
Jaonpsue
L vuw oz - Xew Jeq 0g (Jusjeainbs 1o) 00V L X 1d donia ainssaud abneo ainssaid jan4
Jadip ‘
L umoudupn umouyun Ajqissod — g1///z umouxun IsjBW MO} aulqin 9Bl Moy} [on4
L umouNun umouun umouun Jojessusb Aouanbaig NdY suibug aulbug
L umouun umoud U ZL/LJZ umouyun aqoud sjoy anl4 9]eJ MO|} SSBW Iy
(yusjeainba
L | psuolipuod | "Xew 3. 0€¢ J0) 9/508 41y ebewQO Jgwowsayl 00l 1d Slel MOj} ssew dIy
Jeonpsues
L YW OZ-¥ | XewleqgQ (Jusjeainba 10) QoY LX1d Yonig alnssaid sbneg 9jel MO|} SSBW Iy
Jaonpsuel;
L VYW OZ-v | 18q 2L 0180 (3usjeainba 10) 0OV 1L X 1d Yoniag ainssaid anjosqy a]el MO} SSBW Iy e suibug
uondag
Aiuenp [eubig abuey adA} juawnasu| juswiaInNsea -qng uol393g




ajdoad u] Joi1sanl|

panolddy LOOYL OSI
LT
parciddy L006 OSI

9AIIN0aX T A19jES pUB YyEeaK oyl Jo Aouabe uy

%001
L umouun 0} wddy JSU] $58201d YjowWy — duljold Jsjauwionoads ssepy | uonisodwod seo
umoudun umouun umouun asIApY 0} |euadw] — umoudun aqo.d uonesiuoj uonoa}ep alle| seo) adid
Anuenp leubig abuey adA} juswinssuj juswainsespy | uoI39Ag-qNS uol399g
"B 389} 1onp Jejnaad pasodoid ayj 1oy Isi| uoeluswWNSuUl WaisAs Auanljep seo — £'¢ a|qe |
alnieladwa)
G | pauolipuo) | Xew J. 0€C 00l1d ebawQo Isjswioulisy) 001 1d aulj seH
“Xeuw
L umoudun s/by 2671 umouun axe . 13]|0JUOD MOJ} SSBIN | S}Bd MOJ) SSeW YHD
“Xew
L umoudun s/By zZLL umouyun axep JI8[j0JJU0D MO} SSBN ajel Mo} Ssew 20
Xew
L umoudun s/By G671 UMoUNUn e 19]|0JJUOD MOJ} SSBIN | D1BJ MO SSBW 0D
Xew welshs
L umoudun s/6 610 umoudun axep 19]|0UCD MOJ SSBIN 9)el MOJ} ssew H MO)} SED) Kianiep seo)
‘ uonoag
Anuenp jeubig abuey adAj juawWInIIsuy| juswainsea -gng uoI}0ag
"Bu 18] 10Nnp JEINO1ID pasodoud ay} Joy Isi| uoeUBWINIISUI WBYSAS [an) aueing — Z'¢ 9|qe
Jue)
] UMOUNUN umoudun ZL/L/Z umoudun I0SUSS [9AS7] |aAs| 1an4 abelo)g
. Jaonpsuel
L Yw oz - ¥ "Xeuwl 1eq 0z (usjeainbas 1o) QoYL X1d doniq aunssald sbneo alnssaud jan4
¥ umoudun umowun | Buluomisod yum aaeA |leq XILY | SABA paienioe Ajsjoway HO/UO anep wayshs




a|doad u| JO}SaAU|

panciddy LOOYL OS!

8¢
panciddy 1006 OS] ann0axg AJ8eS pue yieaH aul jo Aousbe uy

‘Bl 18] 1oNp Jejnolio pasodoid sy 1oy IS uonejuswinsul uonoss adid — +'¢ 8|qe

onels
YW ozZ-¥ | xewieqQol ZLE-ALDM SUINY |  Jeonpsuel} ps|ood JBJeAA pue o_Em.w;Ho ainssald
) ss|dnooouLsy}
pauolipuon | Xew 9, 0§/ adA |-y g 0 Aedry oyes ajdnosowssy | 1 weans saiq
Xeuw
pauonipuo) . 00L1 wuw ¢ payiesys adAj-y g|dnooowiay] | | JoAe| Aiepunog | aunerodwa]
Aoojaa
VW oz-¥ | XewieqQl | sieonpsuel)ainssald g jo Aeuy : oYel ainssald weas a3l
s/ssoied
VIN 01 ac osueq - washs va sousngIn MO|4




3.5 Rig location and Enclosure

3.5.1 Description

The test rig will be situated near the 50 metre pad at the Turncliff Farm site and will
be sited on an existing concrete pad whose dimensions are 30m x 3.2m x 0.375m

¢ Pendyne blocks
e Enclosure details -~ c(cd fersperoy Elan A
. ,

3.5.2 Assumptions
3.5.3 Calculations

3.5.4 Implementation/ design

3.6 Site Sérvices

o Water — f(f Prm«;}\h‘*ﬁ Jronscircers -

¢ Electrical

e Compressed air
3.6.1 Description
3.6.2 Assumptions

3.6.3 Calculations

3.6.4 Implementation/ Vdesign
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4 HAZID

Description and outcome from HAZID study will be included here
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5 Environmental Impact

A description of the environmental impact assessment will be documented here
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6 Codes and Standards

References fo relevant codes and standards will be inserted here
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7 Figures

Figure 7 Location of proposed test site at HSL, Buxton relative to main buildings
and with exclusion zones marked
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Figure 8 Proposed test site
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Figure 9 Plan of proposed test rig site showing location of butane tank and
service trenches
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9 P&ID

P&ID for engine including control and instrumentation will be included here

P&ID for experimental instrumentation: pressure transducers, thermocouples
and ionisation probes, will be included here
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Figure 10 Draft P&ID of test rig
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10 Instrument Datasheets

PTX/PMP

14T O

Incdustrial Pressure Sensors
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michael smith engineers limiled

Head Office: Oaks Road Woking Surrey GU21 6PFH  Telephone: 01483 771871  Facsimile: 04483 723110

Attention:  Mr Anthony Haynes Date: 28™ Jure 2012
Réacﬁnn Engines Lid Tel: 01865 408 314 ext 369
Building DS, Culham Science Cenire,, Fax: 01885 408 301
Abingdon,Oxon Email: Anthony.Haynes@reactionenpines.co.uk
OX14 3DB Enquiry ref:
Aoplication: Liquid Butane- engine feed pump.
Liquid Butane Vapour pressure Assumed < suction pressure
Concentration Buction pressure 4 Bar{ Flooded
Temperature Arnbient Discharge pressure 60 Barg
Density 0.5 glem? Capacity 2.5 m¥hr
Solid Size NFA NPSHA Assumed *NPSHR
Percentage solids NIA Viscosity 0.1 cP

Qty

Description Price Each

One

Hydra-Cell sealless diaphragm pump madel GZ8SMCTHFECA £5,931.00
mounted on a baseplate and direct coupled to- & pole, 7.5 kW, 400 volt, three phase,
10-50 hertz, TEFC inverter rated motor with thermistors.

The pump will give the required flow at the duly conditions stated at 829 rpm. At full
maofor speed, the pump is expected {o achieve & flow of 50 I'min.

NFPSHR 5.5 metras

Qptional ltems:-

One

One

Hydra Cell Oil level bowt complete with dual high and low level switches. £546.00
Hydra Cell 16 pz oil level bowt sight glass part number Al11-118-3400 £104.00

One

AC inverter confrol panel constructed in IP54 painted steel enclosure suitable for wall £2.713.00
muounting for incation in a none hazardous area.

Enclosure supplied with door interlocked isolator, Lenze ShV31, 7.5k 400 valt, three
phase, 50 heriz, flux vector confrolled AC inverter supplied in (P31 chassis style
enclosure with integral mains filter and membrane key control pad.

Unit is suitable for manual speed control or speed contral from a 4to 20 mA or 0o 10
valt DC signal.

The AC inverter coniral panel incorporates the following fealures:-

tfains power, running and fault indicators.

Remote / Off f Local pump run seleclior switch.

Manual stop / start, fault reset push buttons.

Local { Remote speed reference selector switch with manua! speed potentiomeder.
Thermistor relay and control inlerlocks with the inverter running and fault signals.

Twin dual channel infrinsically safe barrier relays interlocked with the inverier running
and fauit signals.

Qne

Lenze SMV31 chassis mount 7.5KW 400 volt, three phase, (P31 AC inverier speed E£730.00
coniraller with integral filter, membrane key pad and remote pane! mounted membrare
key pad.

One

Packing and carriage delivered UK mainland Included

Hydra-Gel Daptragm Pump - Veking
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WATER/AIR COOLED IS® THANSDUCER

WCTV-312 (M)

= High Signal to Holes Ratlo

Fatented Leadless Technolagy VIS

« No Change Amp Required

No Speaial Cable Required

Supsricy Thermal Protection

Both Dynamic and Stallc Pressure Capatiiiies

Extrems Temperature Capabliltes Such As Requirad

In Exhaust Systema

Kudbsinireducea nnewemnl and compact Wabsr Cookd Freseura Trneducer o both dynamic
and stuliz preszura in cudrams 4 ra anvi in such ns nulomctive
and 1rbing sxhaust opsisms. The WCTV-312 combinea Kukla's patented Low Cost Landkes

Effeen Technology and o Ministure Water Cocled Jadkat #o provide pressure meaturamsnt
capabilies previzisl umvnisbls,
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Cpembonal Moda Absohie, Sealed Goga v
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Burat Prezaure 2 Timea Pabed Pressuns
Frazeura Madia Compatble Wih Exhauct Gaaer and Fluide and Aryy Madin Compatibls With Si0, ond 15-5 FH Stoindesa Stes!
Rated Eleciriznl Excitaticn 1 VDGAC
Maxiram Eksdrizal Excation 18 VDO
Irgat Impadan:a 1020 Ohma (Min)
OQUTRLT
Culput Irgednnce 1007 Ohma [MNam.)
Ful Scale Ouipus (F50) 103 m¥ (Mam.}
Razidal Urbaanes =25 mi\ [Max)
Combinad Non-Linonrity, Hysterasiz
ard Repanishily £0.1% FEOBFSL{Typ) £ 0.5% PO (Max.)
Raschdion Infiritasimal
Natral Frogaency (KHz) (Typ) 243 agg ESO TOO 1Co0
Inzuhbon Pasisince 103 Megohm Min. @ 51 VDG
ENVIROMM ENTAL
Wailar Flow Rata A5 GalMin (Typ.)
Crarmting Tampsrabra Farge 75°F to 2000'F (340 te 1003°C)
Steady Accalembon 10,0233 (Max}
Lineor ¥keation 10-2,003 Hz S, 1003 {Max.)
FHYSICAL .
Eloctrica Cannaction 4 Conducior 32 AWG Telln Shislkded Cabla 35" Long
Weight 50 Gmme (Apprex.] Evaluding Cakle
Prasture Sencing Frirapda Fully Adive Four Am Whaatslons Bridga Diskecinizally lzelabed Siizon on Sifccn Paterved Landkes Technalogy
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o o
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Air Temperature RTD Sensors

mawn s [SCCURACY
amaarans A}
T

« For Monitoring of Air and Gag Streams;
Mounts in Any Orientation

w Exposed Sensing Element Has Fast
Response Times in Air

x

ATD-E06 with plastic
shield, shown et
&

-}

1« Avallable with Stainless Steel or
Plastic Housings |

1 High-Accuracy, 100 0, Class “A” DIN
Platinum Element

w 3-Wire Construction for Connecting to
Most Instruments

1w Perfect for Air Temperature Monitoring
and Conirol in Laboratories and Laminar
Flow Benches

& hown with stendrrd MTP connector,
Cther options avallatie; eoa below. .

O " e28 AW stranded
o . nlekel-plated copper,
i ATD-205, ehown 5 PFA Inaulated,
lx ameafler than PFA Jacketad cable.
| actusi slze, ! |
AT S senalng element exposed
- - L SA ta alr low while protectad
e R Trem degr&
ATD-205 with Btalniess T T i k =
pteel ahleld, Ehown - S - )
actual sizs. ” e
To Order Visit omega.com/rid-B05_rid-806 for Pricing and Defails
Model Number Sensing Eloment Cabla Max Temperature
RTD-805 100 22 Class “A° DIN 1m (407 PFA insulated 230°C {450°F) ‘
RTD-806 100 Q Class "A” DIN 1m (407 PFA insulated 230°C (450°F)
Ty CoRnector add ~-OT P~ o Moee] TUDEr 0T &h G000

cosf.
Ordering Examples: ATE-B06-TASF, 100 @ cfass A" SST housing win GrmiRe! s

Terminatons Avalialie: Provided wiha mbIsfule connecior standard. Fm'neavg
cost, Eor audip conmecior a6 “TASF® (D Mot RUmber for an eduiions! cost. For terming! ugs sdd *-LUG™ o modd RUmbsrfor &7 acddtional

Popular Options Include:

IDAN-ATD diital elgnal conditioner,
visit emapa.comidm-ldrt

= PUK-ZT-10PK DIN rall
tarminal block, 10 pack, aea
omega.comterminal-blockes

OM-CP-OCTRTD B-channel
data legger, Vst cmegs.com/
am-cp-octrtd

CNEOBRTDY 8-zone M DIN
tamperntura manltar

How are OMEGA's Model Numbers Constructed?

Tammingilan Options; (Blark) = Minisiure Gonneclor roard)
%%nne-:&%lrm Lura-ouppem.[gga !

Clasg B~ eleo svallable In economical 3-packs.

TAAE - st Corecit .

RTD — 805 — [TA3F
RTD — 806 —

Ordering Exampie: RTO-B05-TASF, RTO-808-SPRTX(M).
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11 References

Benson, T., 2009, Five Hole Probe — Flow Direction,
http://www.grc.nasa.gov/WWW/k-12/airplane/tunp5h.html [Accessed: 2/7/12],
National Aeronautics and Space Administration, USA.
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Fw: J5543 ETI Test Rig _
Jo hn Gt mmsr o Keith Moodie 10/07/2012 10:47

John Gummer

Project Manager Spacialist

Major Hazards Unit

Health & Safety Laboratory, Harpur Hill, Suxton, Derbyshira, SK17 9N
B +44 1298 213145

5 john.qummer@hsl.gov.uk | “ www.hsl.gov.uk

rom: “Fabweld New Mills Ltd" <fabweldnewmills@tiscali.co.uk>

To: _ <John.Gummer@hsl.gov.uk>
Date: 10/07/2012 10:39

Subject: J5543 ETI Test Rig

Hi John !

Attached please find the following drawings:-

1) Test Rig OnSlab G.A. ( Method 2).

This design resulted from our discussions regarding the use of the “Tunnel” sections and our
assessment of the advantages of using a new structural steel building over the test rig
instead.

2)  TubeG.A.

This is virtually complete asa manufacturmg drawing, but will not get passed the notified
body until we can add the welding details for all attachments. We also have calculations for
the tubes & flanges.

3) Flange Machining Drawing.

This is a finalised drawing which will be used by the machinist to finish machine the forgings.
The matching bore diameter needs to be confirmed when the pipes have been cut and
measured so we need to cut the pipes before the forgings arrive.

4)  Flange Welding Detail.

Finished drawing produced only for the main flange to pipe set up and weld preps.

5) Transition Piece.

Subject to dimensional changes at the inlet end when these become available from Scitek (
Annulus diameters and method of mating to the gas turbine ). Also Scitek have commented
on the 10 degree to 4 degree junction and its effect on gas flow -- we are waiting to know if
this needs modification or streamlining.

6) Turbulence Flange M/C Detail.

Subject to your approval, this is a finished machining drawing ( bore diameter to be
matched to tube flanges ).

7)  Sacrificial Section.

Concept drawing on hold for the time bemg awaiting assessment by Keith Moodle et al. We.
are also considering different types of sleeve for this and doing some calculations, but the
final decision on which way to go must depend on your technical competénce in this field.
8)  Sacrificial Section Flange Machining. \

On hold until the design is finalised. Also requires determination of the bore diameter.




9) Cradle G.A.

Subject to your approval, a virtually finished drawing.

10) Anchor Frame (Upper ).

This will support the transition section and will sit on a sub-frame, yet to be drawn, which
bolts to the concrete. This is the “fixed” point for the whole system and will be subject to
calculation to resist a thrust load at the tube center line of 50 tonnes.

11) Standard Instrument Connection.

As requested by Scitek. Suitable for manufacture if approved.

12) Nameplate. ‘

Mandatory on each of the tube sections subject to Nobo approval.

We trust that these drawings will assist you in visualising the system as a whole and that we have
understood how you want it to operate. There will be more drawings to do, G.A.’s and detail, so
the sooner we get overall approval and a purchase order the better. At the moment we are
working with no authorisation whatsoever either technically or commercially and some duplication
of work has already taken place. We are holding of on any further detail drawings and calculations
until we van be sure that what we are doing is in accordance with your requirements.

Note that there are a number of areas where we could be starting to manufacture, or at least
purchase materials and this would fit nicely into our present workshop schedule.

Best Regards,

Chris.

Fabweld New Mills Ltd
Unit 3 Canal Foundry

Albion Road

New Mills

High Peak

SK22 3EZ

Tel: 01663 746156 Fax: 01663 74796d
Email: fabweldnewmills@tiscali.co.uk
Website: www.fabweld.co.uk

Contacts: Neville Oliver, Lou Lomas, Chris Horseman.

General Fabrications, Pipework, Tanks & Vessels, Access Platforms ,

Road Tanker Loading Platforms, Ladders & Stairways, Process Plant Modifications,
Installation & Maintenance, Lead Lined X-Ray and Radioactive Materials Storage Cabinets,
Lead Lined Access Doors, manual and powered for radiography containments.

H ] H

e L | s
Tldokd Mok | “lnde

600 flange weldEa_tails—paper.pdf Anchor Frame ( Upper )-Layout1.pdf Flange Machine Detail-paper.pdf



