18

Invitation to Tender
GT50 Gas Turbine Program 
1 Background/Introduction
Dynamiq Engineering Limited (Dynamiq) is a specialist engineering company providing advanced finite element analysis (FEA) and product development. We provide affordable access to world-class mechanical, structural and fluid engineering services to companies of all sizes in any sector of the industry.
Founded in 2005, Dynamiq has grown into an agile and internationally respected company, routinely covering a broad spectrum of projects. Project scales vary from those taking just a few hours to complex long-term design, simulation or full product development engagements.
Dynamiq wants to develop a small gas turbine for a general aviation application and seeks a Tenderer that has experience in the design of the relevant gas-path components and in the preliminary design of complete gas turbine engines.  Ultimately the engine will be incorporated into a new helicopter design .
Dynamiq  will compare tenders received on a compliance basis only.

2 Project Specifications

The simple-cycle, single-shaft engine comprises a single-stage centrifugal compressor, combustor and 2-stage uncooled axial turbine. In addition to the compressor, the turbine provides power to the helicopter main rotor via a reduction gearbox and clutch arrangement.  
2.1 Gas Path Component Preliminary Design Scope and definition of responsibilities
The work is anticipated to be in two stages. Initially, the preliminary design will be provided to size and generate draft component models, such as required for preliminary rotordynamic models, sizing and meanline off-design performance prediction.
The second stage is for the development of detailed design of the hot-running gas-path for the compressor, combustor and turbine and the nominal design of the discs and shaft.
Note that the more extensive design work, calculations and analyses required for assessing ultimate mechanical integrity, for example transient thermal and structural analysis are not considered part of the present project.
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 Figure 1  Sketch of the likely engine layout
2.1.1 RED – Gas Path Component Tenderer Full concept definition
2.1.2 Aerodynamic profile definition

2.1.3 Concept level structural analysis

2.1.4 Rotordynamic assessment

2.1.5 Combustor design

2.1.6 Appropriate material selection

Note: No mechanical analysis of nozzle aerofoil or vane diffuser

2.1.7 Gas Path Component Tenderer will advise on selection of proprietary parts

2.1.8 Bearings



2.1.9 Fuel nozzle

It is anticipated that the advice provided by tenderer will require 5 man days 
2.1.10 BLUE – DYNAMIQ components; Tenderer will be required to provide advice only

2.1.11 Gas-washed surface definition

2.1.12 Material recommendation

2.1.13 Key design features

2.1.14 Suitable analysis techniques

2.1.15 Stiffness values to support rotordynamic assessment

2.1.16 Fluid system / SAS features

It is anticipated that the advice provided by tenderer will require 0.5 man day/element
2.2 ENGINE PERFORMANCE AND CONFIGURATION
2.2.1 Summary of engine performance requirements

The Helicopter will be powered by a single-shaft gas turbine engine operating at constant speed.  The engine/transmission system will include an electronically controlled clutch system to enable the engine to be started without the rotor engaged
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Figure 2 – Estimated Power Requirements (Various Weight/Drag Scenarios)

The aircraft must be able to hover out-of-ground effect at 10,000ft on an ISA+15°C day and must be able to cruise at 140kts.

With these considerations, the forward flight speed is the limiting factor, requiring the greatest power.  Therefore, in order to reach the desired forward flight speed, the nominal design point for the engine shall be 400hp, between SL and 10,000ft pressure altitude on an ISA +15°C day
Given that helicopters operate at constant rotor speed, it is vital that the engine has sufficient torque margin available at the design point to avoid inadvertent engine damage or loss of rotor RPM in critical flight regimes due to pilots over-torqueing the engine.  Therefore, the engine shall provide the following margins:
2.2.2 Engine Duty Cycle

Nominal Design Point (Max Continuous):

100% TQ, 400hp

5 Minute Rating (Take-Off Power):


110% TQ, 440hp

30s Rating (Emergency):



125% TQ, 500hp

A Typical Duty Cycle for the Engine Shall be:

Normal Power 100%

45mins/hr

5 Min Rating 110%

12 mins/hr

30s Rating 125%

3 mins/hr

Engine Service Life

minimum 5,000hrs

Engine Start/Stop Cycles
minimum 20,000
2.2.3 Fuel Consumption Requirement

The following brake specific fuel consumption are required (with the 300-400hp range values being critical as the cruise point will be circa 350hp subject to drag and aircraft weight targets being met):

Power Band

BSFC

Below 200hp

Not controlled

200-300hp

0.6lb/hp.hr

300-400hp

0.5-0.55lb/hp.hr 

Above 400hp

<0.65lb/hp.hr

2.2.4 Emissions Requirements

The emissions requirements will be confirmed during the design process, but shall be no more stringent than those in force for large scale industrial gas turbines.

2.2.5 General Engine Performance Requirements

The engine shall comply with the general performance requirements of EASA CS-E and CFR FAR-33 (or equivalent).
2.3 ENGINE CYCLE MODELLING2.3.1 Scope and approach

The design point performance cycle is to be developed in an iterative approach with 1D design points studies on the compressor and turbine.  The basic performance parameters are mass-flow, pressure ratio and firing temperature.  These are to be optimised in a trade-off between achievable efficiency and mechanical robustness.  Optimum shaft speed is to be identified as part of this process.

Minor losses, e.g. bearing power consumption, combustion pressure loss and secondary air system allowance will be determined and advised by Dynamiq.

The tenderer is to develop 1D off-design performance maps of the compressor and turbine and from these the starting and load lines of the GT are to be developed.  This is to confirm acceptable starting (or allow development of a suitable system to allow this) and allow prediction of max vs design point operation, taking account of altitude.

Off-design cycle conditions may be used to provide boundary conditions for Dynamiq to carry out advanced component lifing calculations once the principal geometry has been defined.

2.3.2 Control system logic
This will be developed by Dynamiq.  The tenderer will be required to provide guidance about the aero-thermodynamic properties of the engine trying to be controlled and managed.  It is anticipated that the advice provided by the tenderer will require 5-man days  
2.3.3 Interaction with airframe except altitude effects
This will be the responsibility of Dynamiq.

2.4  Compressor2.4.1 Scope

The layout of the gas-swept surfaces is the responsibility of the tenderer. The compressor gas path is defined to be from the inlet of the impeller to the outlet of the dewirl vane. The stage comprises an impeller, vaned diffuser and an axial deswirl vane. Tenderer is to carry out the aero design of the impeller and the gas-swept surfaces of the static components. (The intake is the responsibility of Dynamiq, including the strut, and will be required for aero analysis of the compressor stage with a suitable interface plane). Tenderer is to carry out only elastic FEA on the impeller to confirm that the targets detailed below will be achieved.  The lifing of the components and ultimate mechanical integrity is the responsibility of Dynamiq.
2.4.2 Performance
The performance targets for the compressor at the nominal point are summarised in table 1.

	
	Symbol
	Units
	LPC
	Comments

	Ambient pressure
	Pa
	[kPa]
	101.325
	ISA standard day

	Inlet total pressure
	P01
	[kPa]
	100.8
	Allowing for intake loss

	Pressure ratio
	
	[-]
	-
	

	Inlet temperature
	T01
	[K]
	288.15
	

	Air inlet mass flow
	m
	[kg/s]
	-
	Dry air

	Efficiency target
	
	[%]
	-
	Isentropic, t-t

	Surge margin (b)
	
	[%]
	-
	Definition (a)

	Rotor speed
	N
	[rpm]
	-
	To be optimised

	Min. inlet hub diameter
	
	[mm]
	-
	-

	Running tip clearance (c)
	tc
	[mm]
	0.15
	Axial, estimated

	
	
	
	0.2
	Radial, estimated

	Overall diameter
	Dmax
	[-]
	
	To be optimized (d)

	Exit swirl
	
	[°]
	15°
	

	Exit Mn
	Mn
	[-]
	0.2
	

	Sense of rotation
	
	[-]
	
	Viewed from inlet (VFF)


Table 1
Notes:

a) Surge margin [(Rs-1)/(Rwl-1)-1]*100

b) It is assumed that no handling support is required (bleeds, variable geometry).

c) To be confirmed after completion of thermal and structural analyses.

d) To optimise by consideration of performance and structural integrity.

2.4.3 Mechanical requirements and constraints

	Mechanical analysis speed
	[rpm]
	
	5% overspeed, sustained operation without any adverse effects on engine or maintenance requirements. 

	Blade resonance margin
	[%]
	>6
	

	Impeller first flap (1F)
	
	> 4/rev
	

	Impeller material
	
	Ti6Al4V
	

	Burst margin
	[-]
	>1.4
	

	Static stress limit (d)
	[MPa]
	0.8*0.2% proof stress
	


Table 2 Impeller mechanical requirements
2.4.4 Geometric freedom and constraints 

2.4.4.1 All vanes to be flank-millable, ruled surface designs. 

2.4.4.2 The diffuser and deswirl vanes should be prismatic; if this can be achieved then a concession must be requested

2.4.4.3 Minimum impeller vane thickness at the shroud 0.5mm

2.4.4.4 Impeller rim thickness < 2mm

2.4.5 Design requirement

2.4.5.1 Preliminary design and 1D performance prediction

Meanline design point software will be used to study performance trades around the outcomes of the cycle model (pressure ratio and shaft-speed). The compressor has priority in the choice of shaft speed. Variations in backsweep, stage loading and impeller diffusion will be studied firstly with the aim of maximising design point efficiency. Maps will be predicted using VistaCCM for use in assessing engine starting. Bleeds for turbine disc packing etc. will also be required.

The leading design will be developed into a 2D throughflow model such as VistaTF and ANSYS BladeGen. This must provide a first pass at the 2D geometry of the impeller and vaned diffuser and will provide the starting point for CFD-led development of the gas-path geometry. The disc is to be sketched for use in the preliminary rotordynamic analysis. A preliminary value of thrust will be established, based on the impeller exit static pressures and agreed with Dynamiq.
2.4.5.2 Detailed design of the hot running components
The gas-path of the compressor will be developed iteratively using appropriate software such as ANSYS BladeGen to define the blade shapes with supporting analysis in 2D from appropriate software such as VistaTF then in 3D with appropriate software such as ANSYS CFX. The natural frequencies of the main vanes will be checked for compliance against supplier’s acceptance criteria as the design progresses using VistaSA, supplier’s rapid tool for stress and vibration analysis of bladed components. Once the impeller designs are sufficiently advanced, the backface will be added and analysed in ANSYS Mechanical to check against agreed stress criteria between the Tenderer and Dynamiq.
First-pass assumptions concerning the bore and attachment will come from the preliminary GA to be supplied by Dynamiq, the disc design will be progressed to optimise stress and dynamic behaviour. Depending on results from the rotordynamic analysis, the impeller axial length and bore diameter may require adjustment and, hence, further iterations may be carried out on the main gas path design and the dimensions of the shaft at the start of the detailed design process to agreed acceptance criteria between the Tenderer and Dynamiq.
The gas-swept surfaces of the diffuser vanes and deswirl vane will be defined according to supplier’s standard aerodynamic design criteria. Need to know this criteria Vane counts will be selected to avoid potential forced response interactions with the impeller. The location and area required to extract the bleed for secondary air systems will also be considered and modelled in the CFD to the exit at the bore.

The design has to reach agreed level of convergence; defined and agreed between the Tenderer and Dynamiq. The performance of the compressor will be predicted over a range of speeds using suitable software such as ANSYS CFX. The Tenderer is to include the gas-swept volume of the intake, to be supplied by Dynamiq. The axial thrust on the compressor will be estimated from the CFD results.
2.4.5.3 Items not included in Supplier’s scope
2.4.5.3.1 Design of the casings other than the gas-swept surfaces but the Tenderer is to provide advice on ‘typical’ design approaches and critique dynamiq’s design.

2.4.5.3.2 Definitive structural analysis and life prediction of any component However Tenderer are to support the development of the appropriate methods to ensure all key physical phenomena are captured

2.4.5.3.3 Overall mechanical integrity Dynamiq will require  advice from the Tenderer on a purely academic basis to determine the best possible methods to employ to ensure our technical and commercial risk is minimised.

2.4.5.3.4 Production of manufacturing drawings.  However, Dynamic will need a clear definition of tolerance requirements and will also require an electronic definition of the component geometry along with supporting reports

2.4.5.3.5 Interfacing with manufacture based on the Tenderer supplying manufactural designs.

2.4.5.3.6 Guarantee that the performance targets will be met.  It is expected in the nature of the collaborative approach required to deliver this programme that Dynamiq will have signed off the Tenderer’s designs

2.4.5.3.7 The tenderer should allow 2 man days for the advice and guidance identified above

2.4.5.4 Data to be provided by or in collaboration with Dynamiq

2.4.5.4.1 Confirmation of clearance data and axial flow gap at the rear of the impeller

2.4.5.4.2 Any constraints on the static vane thicknesses

2.4.5.4.3 Material properties for the impeller for elastic FE analysis, or agreement on public domain information

2.4.5.4.4 Agreement on allowable peak stress limits

2.4.5.4.5 Geometry of the 3D intake as a gas-swept volume and any upstream struts at compressor entry

2.5 Turbine and Secondary Air System (SAS)
2.5.1 Scope

The turbine is required to have (Stage 1) with axial flow from exit of the transition duct, inlet to nozzle 1 through to exit of rotor 2 (Stage 2).  All blade rows are assumed to be uncooled. 

The rotor blades are to be blisks, cast in one piece, the design of which is be undertaken by the Tenderer. The rotors are not to carry shrouds. FEA analysis will be elastic and will rely on material properties to be sourced by Dynamiq. Tenderer will deliver nominal CAD models of the gas-swept surfaces of the rotors, nozzles and outlet diffuser, all as hot running geometry, to cover mean nominal geometry at operating temperature and provide the ‘as-cast’ geometry. advise on material selection for the rotating components

A relatively small amount of chargeable cooling air will be required to keep steel rotor components in proximity to the turbine discs at acceptable temperature and to keep the turbine casing at acceptable temperatures.

The design quantities are initially to be assumed at the start of the design process .  As the geometry matures these are required to be reviewed. 

2.5.2 Aero performance 

The requirements for the turbine at the nominal point are summarised in table 3.
	
	Stage
	1
	2
	Overall
	Comment

	Pressure ratio
	[-]
	
	
	
	

	Inlet temperature (T4, nozzle)
	[K]
	
	
	
	Nozzle inlet

	Inlet temperature (T41, rotor)
	[K]
	
	
	
	Rotor inlet

	Inlet pressure
	[kPa]
	
	
	
	

	Efficiency target
	[%]
	
	
	
	Isentropic, t-t

	Fuel flow rate
	[kg/s]
	
	
	
	

	FHV
	[MJ/kg]
	
	
	
	Kerosine AVTUR

	Rotor speed
	[rpm]
	
	
	
	

	Running tip clearance (radial)
	[mm]
	0.3
	0.3
	
	

	Inlet mass flow
	[kg/s]
	
	
	
	

	Nozzle and rotor cooling
	[%]
	
	
	0
	

	Rotor and casing cooling
	[%]
	
	
	2
	

	Exit swirl
	
	
	
	0±10°
	


Table 3  Key performance parameters (turbine)

2.5.3 Mechanical requirements and constraints

	
	Stage
	1
	2
	Comment

	Mechanical analysis speed
	[rpm]
	
	
	5% overspeed

	NGV material (a)
	  [-]
	
	
	

	Blade material (a)
	  [-]
	
	
	

	Disk material (a)
	  [-]
	
	
	 

	Burst margin
	[-]
	>1.4
	>1.4
	 

	Blade creep life (service life)
	[hrs]
	
	
	

	1F and frequency separation
	
	
	
	to be agreed based on principal numbers of static structures)

	Blade P/A stress
	
	
	
	be within acceptable limits based on LMP for the selected material and design life. Allowable peak stress to be defined between Tenderer and Dynamiq


Table 4  Mechanical requirements (turbine)

Note:

Assuming equi-ax material properties, to be provided by the Tendererbased on starting values .

2.5.4 Geometric freedom and constraints
The new design has no explicit constraints on the geometry but the Tenderer should state in their response why they could not meet the following and if they can’t what the alternatives will be: 

2.5.4.1 Minimum edge thicknesses of stators ~0.5mm

2.5.4.2 Minimum edge thickness of rotors ~0.5mm. 

2.5.4.3 Minimum thickness of any part ~0.5mm Nozzle and blade profiles must be capable of production from a commercially acceptable manufacturing process.

2.5.4.4 Design rules for nozzle and blade numbers to be reviewed
2.5.5 Approach

2.5.5.1 Phase 1: Preliminary design and 1D performance prediction

Tenderer is to provide a reaction turbine design based on the outcome of the cycle model. Outputs from the study will include first-pass meridional geometry, blade numbers and mean-line gas angles. The design parameters will be such that robust blading design is practicable. First pass disc profiles must be generated.
The leading design version is to be developed into a 2D throughflow models. This should provide boundary conditions for a first-pass at the blade geometry.  The annulus dimensions will take account of achievable blade-speeds assuming standard turbine blade materials. A preliminary estimate of the axial thrust will be established based on the 2D throughflow model

2.5.5.2 Phase 2: Detailed design of the hot running components

Hub, mid and tip sections of all blade rows will be designed to the aerodynamic boundary conditions established with SC90T (oe equivalent) in the preliminary design phase. The profiles will be defined in VistaAT-Blade with feedback in Q3D from MISES, then the 3D design checked by multistage CFD with ANSYS CFX. Leading edge angles and throat widths will be adjusted if necessary, to match the design intent. The natural frequencies and stress distributions will be checked for compliance against the agreed acceptance criteria (table 4) as the design progresses using VistaSA assuming that the construction is blisked. 
 Dynamiq will carry out the final stress and modal analyses of the bladed disc assembly and be responsible for overall mechanical integrity.  The tenderer should allow 2-man days for the advice and guidance identified above

The final design will be mapped in CFD in a 2-stage calculation from N1 inlet to outlet of the exhaust duct. The secondary flow path over any shrouded rotor will be included. The gas-path components of the thrust loads for each stage individually and the combined 2-stage machine will be post-processed from the CFD results. Also, heat transfer coefficients will be post-processed from the CFD results for passing to Dynamiq for more definitive thermal analysis of the blades.

2.5.5.3 Items not included in Supplier’s scope

2.5.5.3.1 Design of the casings, other than the gas-swept surfaces, so excluding: heat shields, diaphragms, nozzle fixings, general support structure, and bearing housings.  However, Tenderer  to provide robust advice on ‘typical’ solutions.  Dynamiq to design and implement.  Tenderer to provide feedback on the designs

2.5.5.3.2 Final selection of materials for the static components (Tenderer to advise)

2.5.5.3.3 Definitive structural analysis and life prediction of any component involving transient thermal and structural FEA

2.5.5.3.4 Production of manufacturing drawings

2.5.5.3.5 Interfacing with manufacture

2.5.5.3.6 Guarantee that the performance targets will be met

2.5.5.3.7 Validation testing and development support

The tenderer should allow 2 man days for the advice and guidance identified above
2.5.5.4 Data to be provided by Dynamiq
2.5.5.4.1 Material properties for the blades/discs for elastic FE analysis and LMP creep analysis, or agreement on public domain information.

2.6 Combustor2.6.1 Scope

The design of the combustor will be developed to cover the design of the injectors, swirlers and the geometry of the primary and secondary air flow, to meet the aerodynamic and any emission requirements to a standard that will result in a CAD definition that can be subject to detailed stress and vibration analysis, also part of supplier’s scope. The design will be confirmed using 3D CFD and FEA. A hot definition, (‘hot definition’ is taken to mean nominal geometry at operating temperature), of the transition duct from combustor to turbine will be developed and indicative cooling features. A conversion of the hot definitions is required subsequently to take it back to the ‘as-manufactured’ cool geometry.   The combustor is annular or a single can. The final decision will be taken once the engine overall layout and space claim has been identified at the end of the preliminary design phase.

2.6.2 Performance

The performance parameters and targets for the combustor are summarised in table 5. 

	Parameter
	Units
	Value
	Comments

	Inlet air mass flow
	[kg/s]
	2.5
	From cycle analysis

	Inlet pressure
	[kPa]
	~700
	Depending on compressor PR

	Pressure loss
	[%]
	4
	Including impingement cooling

	Inlet temperature
	[K]
	600
	CDT + heat pickup in manifold cooling

	Exit temperature (avg)
	[K]
	1300
	From design analysis

	OTDF
	[%]
	20
	Overall Temp. Distribution Factor

	Fuel max. pressure
	[bar]
	30
	

	Combustion efficiency
	[%]
	99.0
	

	Flame temperature (avg)
	[K]
	
	For NOx control

	NOx
	[ppm]
	
	

	CO
	[ppm]
	
	

	Overhaul/absolute life
	[hrs]
	
	5000/20000


Table 5  Combustor performance parameters

2.6.3 Geometric constraints

	Parameter
	Units
	Value
	Comments

	Outer diameter
	[mm]
	400
	To be confirmed

	Inner diameter
	[mm]
	240
	To be confirmed


Table 6  Combustor geometric constraints

2.6.4 Approach

2.6.4.1 Preliminary Design and Analysis

Preliminary sizing will be carried out to satisfy specifications of M√T/P, pressure and combustor volume to meet combustion efficiency and pressure loss. The necessary air flow audit to match combustion/dilution air and cooling requirements will be determined. The fuel injection approach will be selected to match full load and turn-down requirements with satisfactory light-off and stability. 

2.6.4.2 Aerodynamic Analysis of Preliminary Design

Develop CAD model of combustor to be run on ANSYS CFX (or similar software) to establish appropriate aerodynamic suitable flow pattern for analysis. Review primary zone recirculation, fuel-air and temperature distribution. Optimize dilution flow and examine Outage Transfer Distribution Factor (OTDF) characteristics. Study and optimize fuel injection arrangement to match recirculation pattern.

2.6.4.3 Final Combustor Design and Outline Drawings

Review preliminary combustor design and necessary structural changes to provide acceptable mechanical arrangement for subsequent component FEA evaluation. Review performance compliance with required specifications. Provide design and analysis report and  outline drawings of final combustor and fuel injection system to include 3D CAD Model, full specifications of nozzles and any supporting equipment etc..
2.6.4.4 Items not included in SUPPLIER’s scope

2.6.4.4.1  Mechanical design of the transition duct (combustor to nozzle 1)

2.6.4.4.2 Evaluation of acoustic behaviour

2.7 Rotor Concept and Rotordynamic Analysis2.7.1 Scope

The tenderer is to provide the first pass compressor wheel and turbine blisks, and then develop joining component and stub-shaft concepts, with a suitable bolting arrangement to hold the rotor together.  This will include the bearing locations and interface to the cold-end coupling (Dynamiq supply; Tenderer to advise and typical approach and geometry.).  The basic integrity of the rotor will be assessed (FEA), assuming initial temperature assumptions. supplier will carry out a preliminary lateral rotordynamic assessment of the shaft, taking account of the characteristics of the anticipated bearings and the support structure and the drive coupling arrangement (outside scope). Tenderer is to assist with the bearing selection/design and arrangement 
Rotordynamic analyses will be used to obtain the critical speeds, the response to unbalance, both rotor deflections and bearing loads, and to carry out a stability assessment. For the unbalance response analysis, peak response amplification factors and separation margins will also be calculated and compared with API recommended values. 

The analyses will be based on FE beam elements that, while providing very good accuracy, will enable quick model and analysis updates as the rotor design evolves. The model will include the effect of bearing stiffnesses, support structure dynamic stiffnesses, coupling parameters and seal & impeller coefficients. The analyses may indicate that springbar supports and dampers will be required to obtain satisfactory responses, and if so, the model will be used to define suitable springbar and damper designs. If required, the analysis can also include an assessment of rotor deflections at critical clearances.

The tenderer is to provide analysis of the effect of inertial loading due to aircraft manoeuvres.
2.7.2 Items not included in Supplier’s scope

2.7.2.1 Design of the bearing support structure

2.7.2.2 Torsional analysis of the drivetrain.

2.7.2.3 Axial vibration analysis of the drivetrain.

2.7.2.4 Lateral transient analysis to simulate, for example, blade loss.

2.7.3 Data to be provided by Dynamiq

2.7.3.1 Coupling details, ideally a drawing showing dimensions, masses, inertias and stiffnesses.

2.7.3.2 RC bearing stiffnesses for appropriate load and speed range - or bearing geometry details, including internal track dimensions. 

2.7.3.2.1 It is envisaged that the design will be based on ‘catalogue’ bearings.
2.7.3.3 Casing dynamic stiffnesses up to twice the normal operating rotor speed.

2.7.3.4 Impeller and seal coefficients (in scope)

2.7.3.5 Minimum impeller and seal radial clearances (and any other critical radial clearances).

2.7.3.6 Details of available oil system, i.e. oil type & delivery temperature and pressure. 

2.7.3.7 It is likely that Squeeze Film Dampers (SFDs) will be required. 
The tenderer will be required to provide assistance and guidance on the above and should allow 2 man days for this in their response
2.8 Deliverables	Deliverable
	Description
	Timescale

	P1
	Cycle design report

Off-design performance

Reports to include definition of software used and all empirical values used in the analysis.
Ref. Section 2.3

	

	C1
	Preliminary design report and 1D maps
	

	C2
	Aero design of compressor

a. 3D Impeller model, including fillet radii and backface (per stage) in step or parasolid format

b. 2D diffuser vane profile (per stage), return channel and exit deswirl vanes.

c. 2D channel profile 

d. Details of the bleed offtake

e. Predicted map via 3D CFD

f. Summary of the design in Powerpoint
Ref. Section 2.4


	

	C3
	Report to summarise the design and deliverables in Word

a) Summary of Analysis Methods

b) Summary of Analysis Results & Component Performance

c) Native CFX Solution & Setup Files for final design.
Ref. Section 2.4

	

	T1
	Preliminary design report and 1D maps
Ref. Section 2.5
	

	T2
	Aero-mechanical design of the turbines

a. 3D bliscs in step or parasolid format (per stage)

b. 3D nozzle vane profile (per stage)

c. 2D channel profile 

d. Predicted map via 3D CFD

e. Summary of the design in Powerpoint
Ref. Section 2.5


	

	T3
	Report to summarise the design and deliverables in Word

a) Summary of Analysis Methods

b) Summary of Analysis Results & Component Performance

c) Native CFX Solution & Setup Files for final design.
Ref. Section 2.5
	

	Comb
	Design of the combustor

a. 3D CAD definition of the components

b. Final report on the CFD and FEA analysis in Word

a) Summary of Analysis Methods

b) Summary of Analysis Results & Component Performance

c) Native CFX Solution & Setup Files for final design.
Ref. Section 2.6
	

	R1
	Rotor concept drawing
	

	R2
	Report on preliminary rotordynamics assessment
	

	R3
	Report on final rotordynamics assessment
	

	S1
	General Technical Support to Mechanical Design Program

a) To provide general advice and guidance on general gas-turbine design issues as they arise to the Dynamiq design team.

b) To provide technical advice and support to allow Dynamiq to execute best practise analyses in support of the engine development.
	

	S2
	Access to training Materials

a) To provide access to existing supplier training materials where appropriate to support the ‘up-skilling’ of Dynamiq staff to execute the engine design.
	


Table 7  List of deliverables 

2.9 Review meetings
The costs of 6 review meetings to be held at Dynamiq’s offices should form part of your response. 2.10 Pre-Existing IPRThe Tenderer is to clearly identify any pre-existing IPR that they may wish to use in their response.  Any existing IPR must be provided on a free and unfettered use for the application within this scope of supply2.11 IPR
All IPR arising from this contract will be vested in Dynamiq Engineering Limited
2.12 TimescalesIt is anticipated that the contact will start no later than 1 July 2019  and completion is by 13 September 2019Please ensure that you have completed Annex 1 Compliancy Matrix as part of your tender response.  Failure to do so will render your response non-compliant.
3 ITT Timetable

 The anticipated timetable for submission of the tender and commission milestones are set out below:
	Activity
	Date

	Date ITT available on Contracts Finder
	10 June

	Last  date for raising queries
	18 June

	Last date for clarifications to queries
	20 June

	Deadline to return ITT
	24 June

	Evaluation of ITT
	25 June

	Award of Contract 
	This is subject to successfully obtaining grant funding and will normally be no later than 30 days from contract evaluation


4 Conflicts of Interest

Please provide a statement with regards to a conflict of interest for this procurement through the provision of either:-

A Declaration that to your knowledge there is no conflict of interest between {enter your company name here}and Dynamiq Engineering Limited that is likely to influence the outcome of this procurement either directly or indirectly through financial, economic or other personal interest which might be perceived to compromise their impartiality and independence in the contexts of this procurement procedure.
Or

A Declaration that there is a likely conflict of interest between {enter your company name here} and Dynamiq Engineering Company that is likely to influence the outcome of this procurement either directly or indirectly through financial, economic or other personal interest which might be perceived to compromise their impartiality and independence in the contexts of this procurement procedure, please provide details of this connection.

This will permit Dynamiq Engineering Company that in the event of a conflict of interest, appropriate steps are taken to ensure that the evaluation of any submission will be undertaken by an independent and impartial party.

Exclusion

Dynamiq Engineering Company shall exclude applicants from participation in this procurement procedure where they have established or are otherwise aware that the applicant, to include administrative, management or supervisory staff that have powers of representation, decision or control of the applicants company, has been the subject of a conviction by final judgment of one of the following reasons:-


Participation in a criminal organisation


Corruption


Fraud


Terrorist offences or offences linked to terrorist activities


Money laundering or terrorist financing

Child labour and other forms of trafficking in human beings

5 Consortium or sub-contracting 
Where a consortium or sub-contracting approach is proposed, all information requested should be given in respect of the proposed prime contractor or consortium leader. Relevant information should also be provided in respect of consortium members or sub-contractors who will play a significant ( greater than 25%) role in the delivery of the services under any ensuing Contract. 
6 Tender Application Requirements

Please provide paper copies of your application which should include: 
1. Confirmation that you the Tenderer are able to meet the requirements outlined in the brief above. 

2. Dated your response, used our company’s full postal address (albeit you submission might be by email) and included the Reference:  ‘GT50 Gas Turbine Program Tender Response’
3. Details of who to contact in your company in relation to this tender is to be entered at Annex A
4. Company registration Number and VAT number (if appropriate) is to be entered at Annex A
5. Total cost of providing the goods/services requested Section 2 as detailed in Annex A
7 Tender Scoring Criteria

The tender will be scored only on their compliance to the specification set out in section 2 and awarded to the lowest compliant tender.
8 Tender Returns
Tenders may be returned by email or post, or by delivery in person.

Tenders are to be returned by:-

Latest date to be returned:
24 June 2019
Latest time to be returned:
4.00pm
If submitting by email, tenders should be sent electronically to jasonhill@dynamiq-eng.co.uk with the following message clearly noted in the Subject box; ‘GT50 Gas Turbine Program Tender Response’ 
Tenderers are advised to request an acknowledgement of receipt when submitting by email.

If submitting by post or in person, the Tender must be enclosed in a sealed envelope, only marked as follows:-

Tender - Strictly Confidential –  ‘ GT50 Gas Turbine Program Tender Response’
Contract Reference Number: 
Addressed to: 

Dr J Hill
Venture Point

Wheelhouse Road
Rugeley
WS15 1UZ
The envelope should not give any indication to the Tenderer’s identity.  Marking by the carrier will not disqualify the tender.
If delivery by hand please obtain an official Receipt at point of delivery
9 Clarification

There will not be any negotiations of any of the substantive terms of the Tender Documents.  Only clarification queries will be answered. Any clarification queries arising from the Tender Documents which may have a bearing on the offer should be raised as soon as possible in writing. The deadline for clarification questions is xxx days before the submission date. All e-mailed queries should be sent to:-
Name: Dr J Hill
E-mail: jasonhill@dynamiq-eng.co.uk
No representation by way of explanation or otherwise to persons or corporations tendering or desirous of tendering as to the meaning of the tender, Contract or other Tender Documents or as to any other matter or thing to be done under the proposed contract shall bind us unless such representation is in writing and duly signed by Dr J Hill of Dynamiq Engineering Limited. All such correspondence shall be returned with the Tender Documents and shall form part of the Contract.

Tenderers must provide a single point of contact in their organisation for all contact between the Tenderer and Dynamiq Engineering Limited.
Responses to any queries will be shared  through Contracts Finder website
10 Disclaimer

The issue of this documentation does not commit Dynamiq Engineering Limited.  to award any contract pursuant to the bid process or enter into a contractual relationship with any provider of the service.  Nothing in the documentation or in any other communications made between Dynamiq Engineering Limited. or its agents and any other party, or any part thereof, shall be taken as constituting a contract, agreement or representation between Dynamiq Engineering Limited. and any other party (save for a formal award of contract made in writing by or on behalf of Dynamiq Engineering Limited.
Bidders must obtain for themselves, at their own responsibility and expense, all information necessary for the preparation of their tender responses.  Information supplied to bidders by Dynamiq Engineering Limited. or any information contained in Dynamiq Engineering Limited’s publications are supplied only for general guidance in the preparation of the tender response.  Bidders must satisfy themselves by their own investigations as to the accuracy of any such information and no responsibility is accepted by Dynamiq Engineering Limited. for any loss or damage of whatever kind and howsoever caused arising from the use by bidders of such information.

Bidders shall be responsible for their own costs and expenses in connection with or arising out of their response. Dynamiq Engineering Limited. } reserves the right to vary or change all or any part of the basis of the procedures for the procurement process at any time or not to proceed with the proposed procurement at all.
Cancellation of the procurement process (at any time) under any circumstances will not render Dynamiq Engineering Limited. liable for any costs or expenses incurred by bidders during the procurement process.
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