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DRAFT RTAR Template
Develop Design Criteria for Psychrometric Air Sampler and Mixer Apparatus for Use in ASHRAE Test Standards

Title: _________________________________________________________
Summary
Describe in summary form the proposed research topic, including what is proposed, why this research
is important, how it will be conducted, and why ASHRAE should fund it (50 words maximum)

Psychrometric rooms are utilized in the design, and certification of air conditioners and
heat pumps. The psychrometric samplers provide measurement and control for the
indoor and outdoor chambers. This project would develop design recommendations and
methods for validating samplers and mixers to provide the most accurate bulk
temperature and humidity.

Background
Provide the state of the art with key references (at the end of this document) substantiating it (300
words maximum)

ASHRAE 41.1 and 41.2 provide some pictures and limited information about the design of
both samplers and mixers. ASHRAE 37 and 116 mention mixers and shows them within
the test facility drawings.
Of the standards, 41.2 provides the most detailed drawings (Figure 11) of the following
mixer types: Louvered Strip, Louver-Baffle, and Concentric Louver. Each of the drawings
have some generalized dimensions, but they all assume a round duct. In addition, 41.2 has
a table (Table 1) that shows ranges of mixing effectiveness for the various designs in the
previous drawing. In contrast, 41.1 only provides pictures of mixers (Figure 1, 3, and 4) with
no geometry information.
Both 41.1 and 41.2 use the same picture of a sampler that only provides general details
about its components such as: dry bulb thermometer, wet bulb thermometer, blower, motor,
etc. There are no details about geometry, but it does show a sampler with multiple arms.
Table 1 from ASHRAE 41.2 provides some ranges of mixing effectiveness based on the
distance between mixing elements, but there is no detail as to how to evaluate this in situ.
ASHRAE 116 and AHRI 210/240 both require that the grid thermocouple temperature
readings not have a spread greater than 1.5 °F as a means to evaluate the effectiveness of
the mixing, but nothing is mentioned about humidity.
Big differences in the quality of sampling and mixing can lead to big variability between the
measured psychrometric capacity in different facilities. It is important that the ASHRAE
standards provide the guidance that leads to consistency of measurements between audit
and manufacturer test facilities.

Research Need
Use the state of the art described above as a basis to specify the need for the proposed effort (250
words maximum)
Different
mixer geometries and configurations (single mixer, two mixers in series, etc.) need to be
250 words
evaluated and an in situ test method for evaluation their mixing effectiveness needs to be developed. The
test method for evaluating the mixers would account for both the temperature mixing, but also the mixing
of the humidity and would be evaluated over the entire operating range of the test apparatus. Preliminary
analysis suggests that the common concentric louver mixer mostly rotates the air rather than mixes it.
In addition, this project needs to identify the optimal design of the psychrometric air samplers to guarantee
that they are providing accurate bulk air temperature and provide the generalized methodology for
determining the optimal geometry. In particular, the hole size needs to be evaluated such that the air is
sampled equally in each hole across the tree. Recommendations regarding material selection are also
important as steel samplers versus PVC plastic, for example, could have an impact on thermal mass, and
emissivity.
Finally, the entering and leaving psychrometer samplers in the indoor room have the advantage of being
integrated into the duct work of the wind tunnel, but, in the case of the outdoor sampler, it is simply
sampling the ambient air in the room without any advantage of mixers. This project would also need to
specify the preferred design and in situ validation process for the outdoor air sampler that guarantees
accurate measurements of bulk temperature and humidity entering the test unit from a very stratified
room.

Project Objectives
Based on the identified research need(s), specify the objectives of the solicited effort that will address
all or part of these needs (150 words maximum)

Develop optimized design recommendations for indoor and outdoor air samplers, as well
as mixers. Create an in situ validation test process for evaluating the quality of the bulk
air temperature and humidity in the samplers, as well as the mixing quality that can be
used a spot check in a test facility.

Expected Approach
Describe in a manner that may be used for assessment of project viability, cost, and duration, the
approach that is expected to achieve the proposed objectives (200 words maximum).
Check all that apply: Lab testing (✔), Computations (✔), Surveys ( ), Field tests (✔), Analyses and modeling
(✔), Validation efforts ( ), Other (specify) ( )
Utilize analysis to evaluate: Indoor Psychrometer Samplers, Indoor Mixer, and Outdoor Psychrometer sampler.
Develop optimal designs for each of these components and then validate with experimental data. Create design
guidelines that can be integrated into ASHRAE standards that provide guidance on geometry, dimensions, and
material choices. Visit several laboratories with a variety of psychrometric room designs, and measure air conditions
throughout the room while operating to get an idea of what typical maldistributions (if any) of ambient conditions exist.
Create an in situ validation test process for evaluating the quality of the bulk air temperature and humidity in the
samplers, as well as the mixing quality that can be used a spot check in a test facility. The focus on the validation
process would be something that could be utilized in a test facility with a minimal amount of modification and that can
be performed in a relatively short amount of time (1 to 2 hours).

Relevance and Benefits to ASHRAE
Describe why this effort is of specific interest to ASHRAE, its impact, and how it will benefit ASHRAE and
the society. How does it align with ASHRAE Strategic Plans and Initiatives? How does it advance the
state of the art in this area in general? Are there other stakeholders that should be approached to
obtain relevant information or co-funding? (350 words maximum)

This project would support 2010-2015 Strategic Plan categories of:
#5. Support the development of ASHRAE energy standards and reduce effort required to
demonstrate compliance
#9. Support the development of improved HVAC&R components ranging from residential
through commercial to provide improved system efficiency, affordability, reliability and
safety
The information is directly applicable to ASHRAE 41.1 and 41.2 that include drawings of
devices, but lack the design guidelines necessary to build an optimal apparatus. Both
ASHRAE 37 and 116 depend on the two aforementioned test standards to generate
accurate and repeatable data.

Proposed Budget and Duration:

Anticipated Funding Level and Duration
125-195k
Funding Amount Range: $______

12 months
Duration in Months: ______
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