Title: 
A High-Transfer-Efficiency, Pressure-Reduction Unit for Particulate Measurement in Pressurized Combustion Facilities.

September 3, 2004
General Description:
A developmental effort is currently underway at NASA GRC to measure particulates in the exhaust of combustor hardware for aircraft engines. The hardware is for R&D of low-emission designs and can consist of fuel modules (air swirler and fuel nozzle) in a ceramic housing; modules with a simulated combustor liner; combustor sectors consisting of several fuel modules and combustor liner; or full-annular combustors. These assemblies are run in various facilities that provide pressurized and heated air to simulate engine conditions in the test sections. One facility has maximum pressure and temperature conditions of 250 psi and 1100 F, and maximum module-exhaust temperature of 3200 F. Another facility has maximum test-section pressure of 800 psi and temperature of 1250 F, and test-hardware exhaust temperatures comparable to actual engine turbine-inlet conditions, i.e on the order of 2600 F.
Probes for these facilities were specifically designed and fabricated to draw combusted exhaust samples for particulate measurement. These probes are water cooled and provide for mixing of dry particle-free air or nitrogen with the exhaust sample to dry the sample to an acceptable relative humidity, to inhibit particle coagulation in the transfer lines, and to lower the particle concentration to a range compatible with the analytical instruments. This dilution of the exhaust sample is typically in the range of 10:1 (dilution volume to sample volume). 
The key to particle measurements in pressurized combustion flow is reduction of the sample pressure to near-atmospheric as required by the particle-sizing and counting instrumentation. To make credible measurements in a combustion environment, a method of pressure reduction is required that provides minimal particle loss and change in particle size-distribution during the pressure-reduction process. Additionally, the method of pressure reduction must have a well-defined transmission loss as a function of particle size to facilitate proper correction of the data for measurement-system transfer loss.
Definition:

In this proposal, particulate or particle is defined as solid and volatile matter entrained in the exhaust stream. 
Design Guidelines:
The following design goals and requirements should be addressed in the proposal. It’s understood that the goal for loss (item 1) may, in fact, not be achievable, but should, nonetheless, be considered in the initial design phase. The proposer should comment on the practicality of this and the other goals listed below. 
Goals:

1. Maximum particle loss of 50% at 10 nm with a log-linear decrease in the loss to a maximum of 30% at 100 nm, and a maximum loss of 30% from 100 to 1000 nm.

2. No condensation of water vapor in the sample.

3. Units that can be readily plumbed, interchangeably, in series to handle the wide range of test pressures.

4. Non-plugging from soot and micron-sized debris.

The proposer should address the design requirements listed as follows:

Requirements:

1. The range of particle sizes to be transmitted is 10 nm to 1000 nm.

2. The device shall be designed to connect to the sampling probe outside of the test facility via 9.5 mm (3/8”) OD tubing. 

3. Designed for the operating conditions given in the attachments.1
4. Minimum sample flow rate of 20 lpm at maximum inlet pressure of unit operating range.

5. Outlet pressure to provide sufficient head for 20 lpm flow in 30.5 m (100 ft) of 77.5 mm ID (3/8” x .035 w.) tubing at maximum inlet pressure of unit operating range.

6. Material of fabrication to be 304 or 316 stainless steel.

7. Readily removed from the system and disassembled for cleaning.

1. Descriptions and operating conditions for the facilities designated as CE-5 and ASCR are given in attachments 1 & 2.

Proposal:

This solicitation is requesting proposals for the design of a pressure-reduction device that will provide minimal particle loss and shift of particle size-distribution for measurements in pressurized combustion facilities. The emphasis of the proposal should be on the design, and method of particle-loss analysis and calibration of the device.
The proposal shall include:

1. Drawings or sketches of a proposed design.

2. Description of the method of analysis for calculating particle-transmission loss.

3. Description of a calibration method and equipment for measuring the particle-transmission loss.

4. Whether or not calibration equipment is available, or has to be purchased or designed and fabricated.
5. Provision for fabricating a pressure-reduction unit and, if required, the calibration equipment.
6. A budget and schedule.

Contract:

It’s anticipated that a contract  will be awarded from this solicitation to the proposer that NASA judges as having the most complete, practical and minimal-particle-loss design. If an award is made, the contract deliverables will be the design, fabrication, analysis of loss, and calibration of loss of at least one pressure-reduction unit for demonstration testing in the GRC CE-5 facility for a test pressure of 150 psi. Purchase or fabrication of calibration equipment, if required, will be a negotiable item where NASA may  or may not  incur the cost for this phase of the project. 
Attachment 1.

CE-5 Operating Specifications

This facility is used for single fuel-module and combustor-sector testing.

Test Section flange and pipe size: 12”

With Laser Window Housing:

	Pressure
	50 – 235 psia

	Flow Rate
	1 – 10 pps

	Preheat Temperature
	350 – 1100 (F

	Max. Window Temperature
	1640 (F

	Fuel Pump Capacity
	6 gpm @ 900 psig


Flametube Only (Without Window Housing):

	Pressure
	50 – 415 psia

	Flow Rate
	0.2 – 3 pps

	Preheat Temperature
	350 – 1100 (F

	Max. Flame Temperature
	3200 (F with Greencast liner

	
	3400 (F with Zircoa liner


Attachment 2.

Description and Operating Conditions for the Advanced Subsonic Combustion Rig (ASCR)

The ASCR is the most recent addition to the series of combustion test facilities at the NASA Glenn Research Center. This facility is state-of-the-art for simulating engine conditions, capable of producing pressures up to 60 atm (900 psi), temperatures to approximately 950 K (1250 oF), and air flows to 23 kg/s (50 lbm/s) in the test section. This facility is specifically intended for testing combustor sectors of aircraft gas turbines, as well as full-annular combustors for the engines of the regional-class aircraft. The first combustor sector was tested on August 26, 1999. The facility has current emission-analysis equipment and laser-measurement capability. It can also outfitted with particle probes for particulate measurements with the NASA Glenn Research Center Particulate and Gaseous Emissions Measurement System (PAGEMS).

The figure below illustrates the facility operating envelope.
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