
INVITATION TO SUBMIT A RESEARCH PROPOSAL ON AN ASHRAE RESEARCH PROJECT 
 
1566-TRP, Equations to estimate evaporation rates from heated water pools in indoor recreational aquatic 
facilities (RE-BID)  
 
Attached is a Request-for-Proposal (RFP) for a project dealing with a subject in which you, or your institution have 
expressed interest.  Should you decide not to submit a proposal, please circulate it to any colleague who might have 
interest in this subject. 
 
Sponsoring Committee: TC 8.10, MECHANICAL AND DESICCANT DEHUMIDIFICATION EQUIPMENT, 
HEAT PIPES AND COMPONENTS 
Co-sponsored by: TC 9.8, LARGE BUILDING AIR CONDITIONING APPLICATIONS 
 
Budget Range:  $150,000   may be more or less as determined by value of proposal and competing proposals. 
 
Scheduled Project Start Date: September 1, 2023 or later. 
 
All proposals must be received at ASHRAE Headquarters by 8:00 AM, EDT, Wednesday, May 31, 2023.  NO 
EXCEPTIONS, NO EXTENSIONS.  Electronic copies must be sent to rpbids@ashrae.org. Electronic 
signatures must be scanned and added to the file before submitting. The submission title line should read: 
1566-TRP, Equations to estimate evaporation rates from heated water pools in indoor recreational aquatic 
facilities, and “Bidding Institutions Name” (electronic pdf format, ASHRAE’s server will accept up to 10MB) 
 
If you have questions concerning the Project, we suggest you contact one of the individuals listed below: 
 
For Technical Matters 
Technical Contact 
Alois Malik 
CORCOPRO LLC 
301 55th Ave N 
North Myrtle Beach, SC 29582-1335 
Phone 910-859-1016  
E-Mail: amalik@cocropro.com 
 
 

For Administrative or Procedural Matters: 
Manager of Research & Technical Services (MORTS) 
Michael R. Vaughn 
ASHRAE, Inc. 
1791 Tullie Circle, NE 
Atlanta, GA  30329 
Phone: 404-636-8400 
Fax: 678-539-2111 
E-Mail: MORTS@ashrae.net  

 
Contractors intending to submit a proposal should so notify, by mail or e-mail, the Manager of Research and 
Technical Services, (MORTS) by Monday, May 15th, 2023 in order that any late or additional information on the 
RFP may be furnished to them prior to the bid due date. 
 
All proposals must be submitted electronically. 
Electronic submissions require a PDF file containing 
the complete proposal preceded by signed copies of 
the two forms listed below in the order listed below.  
ALL electronic proposals are to be sent to 
rpbids@ashrae.org.  

All other correspondence must be sent to 
ddaniel@ashrae.org and mvaughn@ashrae.org.  
Hardcopy submissions are not permitted.  In all 
cases, the proposal must be submitted to 
ASHRAE by 8:00 AM, DST, Wednesday, May 31, 
2023. 
NO EXCEPTIONS, NO EXTENSIONS.

 
The following forms (Application for Grant of Funds and the Additional Information form have been combined) 
must accompany the proposal: 
 

(1) ASHRAE Application for Grant of Funds (electronic signature required) and  
(2) Additional Information for Contractors (electronic signature required) ASHRAE Application for Grant of 

Funds (signed) and  
 

ASHRAE reserves the right to reject any or all bids. 
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State of the Art (Background)  
Information contained in the ASHRAE Handbook for estimating water surface evaporation loads is inadequate for 
real-world application.  
 
The current publication of the ASHRAE Handbook—HVAC Applications, lists an evaporation formula that was 
developed by Willis Carrier in a laboratory setting during 1918. Field experience has shown that the evaporation rate 
for a given body of water can vary by a factor of eight (8) or more from the basic Carrier formula listed in the 
handbook. Experience has also proven that in some applications the evaporation rate can be reduced by one half as 
calculated using this formula. Application-based engineering judgment in the form of “Activity Factors” was finally 
added to that equation 80 years later, in time for the 1999 volume. However, these adjustment factors are not backed 
by actual measured values.  
 
The activity factors were agreed upon through an informal consensus of the swimming pool dehumidifier 
manufacturers who participate in ASHRAE TC 8.10. The adjustments were an attempt to provide designers with 
some means of coming closer to estimating moisture removal rates, which would be consistent with informal 
observations of the volume of condensate leaving dehumidifiers during actual operation of swimming pool HVAC 
systems. There has been no attempt to validate the accuracy of these adjustment factors.  
 
More than 90 years after Willis Carrier’s laboratory efforts with steady-state conditions over still water with two 
fixed-but-improbable air flow directions, the engineering community is still basically making an educated guess at 
evaporation rates in real-world situations.  
 
Justification and Value to ASHRAE 
This overall project will have several deliverables, of which the final one is paramount. Namely, the research 
contractor will generate text, equations and/or tables with supporting graphics which will be inserted into the 
ASHRAE Handbook—Applications. Designers will use this new information to more accurately calculate the 
evaporation loads in pool enclosures.  
 
One of the principal justifications for this project is the reduction of health and safety risks from damp buildings. 
However, strong secondary benefits include reducing the construction cost of buildings that need dehumidification 
systems, and reducing their lifetime energy use.  
 
Current health and safety issues include:  
1.  Reducing the current risk of building collapse. When swimming pool enclosures are not adequately 

dehumidified, fasteners corrode and wooden structural members decay. Each year, snow loads and or rain loads 
on such weakened structures cause roof collapses. For one current example, consider that during 2008, the 30-
year-old swimming pool building at Brown University in Providence, RI was demolished rather than repaired. 
The structure was so decayed from excess moisture accumulation that there was no point to renovating the 
building—it was structurally unsound and a life-threatening hazard to occupants.  

 
2.  Reducing the current health risk from damp buildings. As established by the National Institutes of Medicine in 

2003, there is a significant health risk from damp buildings. In 2007, the Lawrence Berkeley National 
Laboratory, working for the U.S. Department of Environmental Protection, calculated the cost of those risks to 
be between $2.3 and 4.5 billion per year. With more accurate calculation of internal water evaporation load, 
those that reflect the real world, the risks of damp buildings can be reduced through appropriate design of air 
conditioning and dehumidification systems.  

 
Current construction cost and energy waste issues include:  
1.  Without a better means of estimating loads, dehumidification equipment may be oversized or undersized or the 

need for such equipment ignored entirely. Competitive offerings cannot be fairly evaluated, leading to higher 
than necessary costs in some cases, inadequate performance in others, and in extreme cases, equipment failure 
and structural collapse.  

2.  Without adequate quantification of evaporation loads, equipment will operate inefficiently, leading to excessive 
energy consumption.  

 



 
 
Objectives 
The primary objective of this work is to design and perform a set of laboratory experiments that will examine 
evaporation from wetted surfaces under characteristics of an indoor swimming pool and spas. These experiments 
will establish a set of formulas for the engineering community to use for calculating latent loads in natatoriums and 
commercial/industrial buildings.  
 
Scope: 
The scope of this project outlines the steps that will ultimately result in the development of a method for accurately 
predicting the evaporation rates from water pools in aquatic facilities. Successful proposals will address each of the 
tasks listed in this section.  
 
Task 1 – Literature review:  
The successful contractor shall research existing methods for evaporation rate calculations, then summarize and 
evaluate them on their own and finally compare them to the Willis Carrier research. The evaluation of existing 
calculation methods shall include but not limited to the physical/theoretical bases of the method and comparisons 
with all pertinent test data collected. The contractor shall also include discussions on the physical phenomena 
involved, what parameters could be important, and possible analytical approaches. Methods examined should 
include the following, plus at least three (3) more that can be found. In particular, the PMS is interested in additional 
studies which include values for evaporation rates measured in the field as well as in the laboratory.  
 
1. Bowen Method  
2. Dalton’s Law – Mass Transfer Method  
3. PenMan Method  
4. Priestley – Taylor Method  
5. De Bruin Method  
6. Willis Carrier Method – 1918  
7. Rohwer, 1931  
8. Biasin, Von, Krummere  
9. Dr. Mirza Shah  
 
With the review, in this Task 1, the contractor will further document all of the variables in all of the various 
formulas above in order to determine the final variables and range of those variable conditions in the Experimental 
design in Task 2.  
 
As part of the literature review, the contractor will also interview a sample of HVAC Designers who have had 
experience designing HVAC systems for swimming pool enclosures. Determine what data they have, readily 
available, at the time of design, and what methods they can, as a practical matter, afford the time to learn and apply 
when estimating evaporation rates from pools and complex wetted surfaces. The research contractor shall interview 
six (6) HVAC designers, six (6) HVAC design-build contractors and three (3) Manufacturers that are involved in the 
dehumidification business. The contractor shall then prepare a written report describing the results of the interviews, 
and a candidate list of input variables to be used in the equations and tables developed by the research contractor.  
 
Task 2 – Experimental Design  
Based on the information gathered, the contractor will design a set of laboratory experiments using appropriately 
scaled models to examine the evaporation rates from wetted surfaces and features. Variables of interest and ranges 
to be tested:  
 
Pool Surfaces Variables and Range of Experimentation 
Open water surface agitation/activity 
 3 levels of agitation/activity simulating bather loading/density and its effect on evaporation 
 Agitation levels and method of control of such would be researched by contractor and proposed t PMS. 
 Average air velocity over surface. 
 Range of interest is 30 to 90 fpm 
 Water temperatures 



 Range of interest will be 76ºF to 104ºF 
 Air temperature 
 Range of interest will be 80ºF to 90ºF 
 Air humidity 
 Range of interest will be 30% RH to 70% RH 
 
Others variables identified in Task 1 and ranges agreed upon with the PMS 
 
Due to the number of variables and relatively wide range of each involved, the design of experiment would be 
critical in limiting the number of experiment iterations while performing results. During the experimentation phase, 
the experimental design phase, the first task will be for the contractor to formally complete the design of experiment 
and identify which variables are likely to be independent and those that are independent.  
 
It should be noted that it is well known that vapor pressure deficit plays a large role in the rate of evaporation. The 
physics of the transport from the water surface boundary layer with respect to vapor temperatures, water surface 
turbulence, and air velocity also have a major impact and have not been experimentally proven at this time.  
For typical pools there is a range of water and air temperatures related to human comfort of approximately 78F to 
104F. The design of experiment will be created with this in mind to ensure the most accurate data is used in the 
range of these typical applications and the interaction of the variables are understood.  
 
The following is an example of the test sequences that may be considered. This Work Statement does not intend to 
prescribe the specific number of tests or the exact variables, but is included here for the readers understanding of the 
scope.  
 

 
Table 1 
 
Each of these tests would be repeated for activity levels and velocity combinations as follows 
 

Activity Level Air Velocity 
1 30 
2 30 
3 30 
1 90 
2 90 
3 90 

Table 2 

Test 
Number 

Water Temperature (°F) Air Temperature (°F) Air Humidity (% RH) 

1 76 80 70 
2 80 82 40 
3 80 84 60 
4 82 84 30 
5 82 86 60 
6 84 86 40 
7 84 88 60 
8 86 82 40 
9 86 88 70 
10 90 88 50 
11 92 90 60 
12 94 90 50 
13 94 90 30 
14 104 82 50 
15 104 86 60 
16 104 86 30 
 



 
Each iteration of test would be expected to require 2 hours after stabilization of conditions. Approximately 2 hours 
are expected to be required to stabilize conditions between tests.  
 
It is expected that given the scope and type of work for the testing itself that research assistant and student 
involvement would bring much value to the experimentation process.  
 
The contractor will work closely with the PMS for Task 2 and will not proceed to Task 3 until the PMS is satisfied 
with the experimental setups and test matrices. Among the items that the PMS would further review are the suggest 
methods and instrumentation to vary and measure the items in the tables above. This is a go/no go milestone.  
 
Task 3 – Laboratory Testing and Analysis  
The contractor will perform the set of experiments agreed upon in Task 2 and analyze the data using sound scientific 
principles to develop mathematical models that characterize the results.  
 
PMS committee will review first results with contractor from initial testing 1st activity level and air velocity (Line 1 
of Table 2 shown in Task 2 or equivalent stage in final experimental procedure). Contractor will document the 
instrumentation, methods, and other aspects of the experimental setup for PMS review. Contractor will prepare a 
preliminary comparison of the experimental results and each of the formulas referenced in Task 1. Upon preparation 
of a preliminary report, the contractor will immediately review these with the PMS before proceeding to further 
experimentation. It is expected that the PMS will make the full committee available for discussion of that report 
immediately such that experimentation can continue as uninterrupted as possible.  
 
Upon completion of the remaining activity levels and air velocities, contractor will update the preliminary report 
with the comparison of all existing theoretical and empirical formulas as researched in Task 1 and forward to the 
PMS for review. Contractor will suggest a proposal for determination of appropriate formula for use or the 
development of an empirical formula that correlates with the experimental data before starting final report.  
 
Task 4 – Reporting  
The successful contractor shall submit a draft report to the PMS for comments on a quarterly basis and at the end of 
each Task. The PMS reserves the right to request more detailed information before the next Task is started and the 
report is accepted. The final report must be approved and accepted before any technical paper or journal article is 
written and submitted.  
 
Subsequent to the compilation of the report update and meeting with the PMS to determine the formula to be 
recommended, a final report is to be generated detailing the means and methods for experimentation, data analysis, 
and recommendations on most appropriate equations to estimate evaporation rates from heated water pools in indoor 
recreational aquatic facilities.  
 
Summary of reporting activities:  
•  Subsequent to Task 1, the contractor shall prepare a written report describing the results of the interviews, and a 

candidate list of input variables to be used in the equations and tables developed by the research contractor.  
•  Subsequent to Task 2, contractor will review their suggested Design of Experiment with PMS.  
•  During Task 3, the contractor will prepare a preliminary comparison of the experimental results and each of the 

formulas referenced in Task 1 and review with PMS before proceeding.  
• Subsequent to Task 3, contractor will update the preliminary report with the comparison of all existing theoretical 

and empirical formulas as researched in Task 1 and forward to the PMS for review.  
• Subsequent to the compilation of the report update and meeting with the PMS to determine the formula to be 

recommended, a final report is to be generated detailing the means and methods for experimentation, data 
analysis, and recommendations on most appropriate equations to estimate evaporation rates from heated water 
pools in indoor recreational aquatic facilities.  

• In addition to the specific milestone reports above, the contractor will meet with the PMS one every quarter to 
discuss the on-going work and exception reports as appropriate.  

 
 
 



 
Deliverables:  
Required deliverables (“Deliverables”) under this Agreement and shall include:  
 
a.  Progress and Financial Reports  
 Progress and Financial Reports, in a form approved by the Society, shall be made to the Society through its 

Manager of Research and Technical Services at quarterly intervals; specifically on or before each January 
1, April 1, June 10, and October 1 of the contract period. Furthermore, the Institution’s Principal 
Investigator, subject to the Society’s approval, shall, during the period of performance and after the Final 
Report has been submitted, report in person to Technical Committee (TC) 8.10 at the annual and winter 
meetings, and be available to answer such questions regarding the work as may arise.  

 
 Reports, results, proposed methodologies and publication-ready materials as defined in tasks 1 through 8 

above.  
 
b.  Final Report  

A written report, or manual in a form approved by the Society, shall be prepared by the Institution and 
submitted to the Society’s Manager of Research and Technical Services by the end of the Agreement term, 
containing complete details of all research carried out under this Agreement. Unless otherwise specified, 
six copies of the final report shall be furnished for review by the Society’s Project Monitoring 
Subcommittee (PMS). Following approval by the PMS and the TC/TG, in their sole discretion, final copies 
of the Final Report will be furnished by the Institution as follows: - An executive summary in a form 
suitable for wide distribution to the industry and to the public. - Two bound copies - One unbound copy, 
printed on one side only, suitable for reproduction. - Two copies on CD-ROM; one in PDF format and one 
in Microsoft Word  

 
Print-ready Handbook Material  
Upon approval by the PMS, the PI will submit the final text and graphic files to the chair of the PMS. The 
PI shall also provide all files (text, tables, and supporting graphics) on CD-ROM, in the format required by 
ASHRAE Handbook staff for the current printed edition. Note that this material shall include separate sets 
of text, equations, tables and supporting graphics for both SI and I-P units, suitable for insertion into the I-P 
and SI editions of the Handbook  

 
c. Science & Technology for the Built Environment or ASHRAE Transactions Technical Papers 
 

One or more papers shall be submitted first to the ASHRAE Manager of Research and Technical Services 
(MORTS) and then to the “ASHRAE Manuscript Central” website-based manuscript review system in a 
form and containing such information as designated by the Society suitable for publication. Papers 
specified as deliverables should be submitted as either Research Papers for HVAC&R Research or 
Technical Paper(s) for ASHRAE Transactions.  Research papers contain generalized results of long-term 
archival value, whereas technical papers are appropriate for applied research of shorter-term value,  
ASHRAE Conference papers are not acceptable as deliverables from ASHRAE research projects. The 
paper(s) shall conform to the instructions posted in “Manuscript Central” for an ASHRAE Transactions 
Technical or HVAC&R Research papers. The paper title shall contain the research project number (1566-
RP) at the end of the title in parentheses, e.g., (1566-RP). 
 
All papers or articles prepared in connection with an ASHRAE research project, which are being submitted 
for inclusion in any ASHRAE publication, shall be submitted through the Manager of Research and 
Technical Services first and not to the publication's editor or Program Committee. 
 

 Note: A technical paper describing the research project must be submitted after the TC has approved the 
Final Report. Additional technical papers may also be prepared before the project’s completion, if it is 
desired to disseminate interim results of the project. Contractor shall submit any interim papers to MORTS 
and the PMS for review and approval before the papers are submitted to ASHRAE Manuscript Central for 
review by the Society Program Committee.  

 



d.  Data  
The Institution agrees to maintain true and complete books and records, including but not limited to 
notebooks, reports, charts, graphs, analyses, computer programs, visual representations etc., (collectively, 
the “Data”), generated in connection with the Services. Society representatives shall have access to all such 
Data for examination and review at reasonable times. The Data shall be held in strict confidence by the 
Institution and shall not be released to third parties without prior authorization from the Society, except as 
provided by GENERAL CONDITION VII, PUBLICATION. The original Data shall be kept on file by the 
Institution for a period of two years after receipt of the final payment and upon request the Institution will 
make a copy available to the Society upon the Society’s request.  

 
The Society may request the Institution submit a technical article suitable for publication in the Society’s ASHRAE 
JOURNAL. This is considered a voluntary submission and not a Deliverable. Technical articles shall be prepared 
using dual units; e.g., rational inch-pound with equivalent SI units shown parenthetically. SI usage shall be in 
accordance with IEEE/ASTM Standard SI-10. 
 
Level of Effort 
The anticipated level of effort is 24 professional-months with a total cost of $150,000.  
 
Project Milestones: 
No. Major Project Completion Milestone Deadline 

Month 
1 Literature review and report  2 

2 Design of experiment and detailed proposal  4 
3 Secure final location and equipment for experimentation  6 
4 Review of initial results from testing 1st activity level and air velocity  8 
5 Completed testing and report raw data  18 
6 Complete final report  20 
7 Create Technical Paper, Handbook Material, and Project Synopsis  14 

 
Proposal Evaluation Criteria 
Proposals submitted to ASHRAE for this project should include the following minimum information: 
 
 
No. 

 
Proposal Review Criterion 

Weighting 
Factor 

1 Contractor(s) understanding of evaporation and the goals and tasks of the research project.  35% 

2 Proposed list of research projects that will be evaluated  10% 
3 Evaluation of the facilities that will be used to perform the work  30% 
4 Contractor’s qualifications   

 

20% 
 

5 Student involvement  
 

5% 
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