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EXECUTIVE SUMMARY 

The present FINAL report on test set‐up and prototyping of natural ventilation enhancement 

technologies is part of a Computational Fluid Dynamics (CFD) research program which is sponsored by 

the Hawaii Natural Energy Institute (HNEI). The research program endeavors to develop advanced 

building modeling skills at the Environmental Design and Research Laboratory (ERDL) of the School of 

Architecture, University of Hawaii at Manoa.   

The present report, Project Deliverable 11 (e.g.11.2 FINAL), is part of Part 3 of the CFD research 

program. The objective of Part 3 of the research program is to investigate the use of CFD to predict 

occupant comfort in naturally ventilated spaces with comfort improving measures, and to provide 

validation of theoretical predictions with experimental studies.  

The research introduces the concept of “comfort islands”, which are technologies to increase thermal 

comfort at the occupant level in warm climates, while leaving the space basically naturally ventilated. 

These comfort islands lower the operative temperature in the space directly adjacent to the occupant by 

providing actively cooled radiant surfaces. In addition, the comfort islands have ceiling fans to lower the 

perceived temperature for the occupants. The research hypothesis of this research project suggests that 

the use of comfort islands has significant energy reductions of up to 70% compared to full space cooling 

and ventilation, in order to provide comfort in naturally ventilated spaces also during those times when 

natural ventilation alone cannot provide relieve from hot internal temperatures. The present research 

endeavors to verify that the basic concept of comfort islands is viable and provide experimental 

verification of certain heat transfer properties which are important for the overall thermal performance 

of radiant surfaces of comfort islands.  

This FINAL report summarizes work that was performed to develop the scope of the experimental 

comfort investigations, including selection the test hardware, development of occupant surveys and 

design and install the experimental set‐up in a room that serves as a temporary climate chamber. The 

experimental investigations of the comfort studies under Part 3 of the research program include the 

following types of investigations: 

1. Comfort surveys:  Surveys of occupants to determine the level of comfort and comfort 

improvement when the test person experiences different type of comfort improvement 

measures and a series of test parameters.  

2. Convective and radiant heat transfer tests:  Conducting tests of physical parameters to describe 

the convective and radiative heat transfer performance under different test parameter settings. 

These tests will be used to cross‐check CFD simulations.  
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After considering other candidate rooms to conduct the experimental investigations, room HIG 204 was 

selected for the tests. Room HIG 204 is directly adjacent to the ERDL lab facilities in room HIG 205.  

For the two types of experimental investigations, a test set‐up had to be constructed to provide a 

temporary support structure for the installation of the ceiling fan, the radiant panels, the chilled water 

piping system and instrumentation cabling. It was decided early in the project that the radiant panels 

would be hung from the support structure and not installed on individual stands.  

The use of radiant panels, which are operated inside a room without humidity adjustment, is an 

innovative approach for an energy efficient and localized comfort improvement without the need to 

condition the entire space. In typical applications of radiant cooling, absolute humidity is lowered to 

control dew point. The use of Phase Change Material (PCM) radiant panels was initially intended to 

provide additional benefits of heat storage to the concept of radiant cooling panels.  

Scoping tests were conducted to determine the thermal characteristics of the PCM radiant panels and to 

verify the working conditions of the chilled water system design. The scoping tests showed that the 

working concept of chilled water system was adequate to provide chilled water quantities at the 

required quantities and temperatures. .     

The scoping tests also revealed a thermal performance of the PCM radiant panels which yielded too high 

thermal differences between panel surfaces and chilled water temperatures. This indicated that the 

heat transfer between PCM panels and chilled water was not adequate for this set of investigations.  

The reason for the inadequate heat rejection performance of the PCM was identified as non‐optimized 

fusion of PCM panels and heat transfer rails through which the chilled water flow occurred (the team 

glued the heat rejection aluminum rails to the back side of the PCM board). The low heat transfer rate 

between PCM board and chilled water flow was seen as a major problem for the comfort tests, where 

the main objective of the radiant surfaces is to provide sufficiently cold enough radiant panel 

temperatures, to improve comfort. The unique capacity of the PCM boards of offering a large thermal 

mass was thereby deemed secondary to the need to create low enough surface temperatures of the 

radiant panels.  

For these reasons it was decided to use regular aluminum ceiling radiant panels for the experimental 

comfort tests in the climate chamber, in lieu of the PCM boards.  The aluminum panels have thermal 

properties, such as small approach temperature and reaction time to cooling, which makes them a 

better choice to conduct the present tests.  

It is planned, however, to utilize the PCM panels in future investigation.   For future PCM applications, 

heat transfer performance could be optimized by the installation of the heat rejection part on the PCM 

under optimum manufacturing conditions, e.g. by the vendor and not the research team.   
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The efforts to optimize the thermal and hydraulic performance of the test set‐up from the configuration 

used during the scoping test to the final successful shake down testing have been substantial. The 

improvements and fine‐tuning of the chilled water generation and conveyance through the actively 

cooled radiant panels took several stages and iterations.  

The installation and development of data acquisition procedures for more than 60 temperature, flow 

and other measurement / sensor points represented a major milestone for the team. 

One of the challenges of operating the chilled water system is the need to manually operate the thermal 

and hydraulic system components, since an automated process control, which was planned at the 

beginning, was too complex for the scope and funding of the research project. The research team, 

however, has succeeded in keeping the test set‐up in a thermal state for durations that are equal to the 

intended sittings of human test subjects. The team determined that the test set‐up is ready for the 

experimental human comfort tests. 

Since one of the main objectives of this research program was to provide educational opportunities to 

develop experimental work skills for students, we can only state that this objective has been successfully 

met.   
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PREFACE ‐  HYPOTHESIS OF COMFORT ISLANDS AND OBJECTIVES OF 

EXPERIMENTAL INVESTIGATIONS  

This section presents the hypothesis of significant energy savings for space conditioning through the use 

of “comfort islands”, which can provide a level of occupant comfort in naturally ventilated spaces 

without the need to cool and ventilate the entire space by mechanical units.  This section also describes 

the objective of Part 3 of the research project to verify the assumed thermal performance parameters of 

system components of “comfort islands” in order to verify the hypothesis.  

A ‐ Hypothesis of Comfort Islands and Anticipated Equipment Performance 

The basic premise of “comfort islands” in the context of this investigation is that energy advantages of 

naturally ventilated spaces can be achieved, while satisfactory comfort is provided at the occupant level 

with the minimum amount of energy needs. Naturally ventilated spaces have the advantage to save 

significant amounts of energy in comparisons to energy intensive HVAC space conditioning. The 

disadvantage of naturally ventilated spaces is their lack of ability to provide a certain level of thermal 

comfort and ventilation at all times. Natural ventilation follows outdoor environmental thermal and 

humidity conditions, which can change significantly over time. Natural ventilation is dependent on a 

minimum wind movement which represents the driving force for space ventilation, and wind is by 

nature intermittent.   

In order to give natural ventilation a more attractive appeal to building designers, comfort standards 

have been developed that take into account that occupants of naturally ventilated space react 

differently to thermal comfort conditions than occupants of fully conditioned spaces. The approach of 

“adaptive comfort” correlates the level of thermal discomfort a person can tolerate on the basis of the 

long term exposure of the occupant to either cold or warm weather. In essence, adaptive comfort 

defines that occupants living in a warm climate can tolerate higher internal operative temperatures than 

occupants who are used to colder climates. Adaptive comfort raises the allowable internal operative 

temperature while still staying within a prescribed range of occupant acceptance, i.e. 80% of 90% 

acceptance of internal conditions. Depending on the site and type of building, there are periods when 

thermal conditions in naturally ventilated spaces surpass temperatures that are deemed tolerable even 

under adaptive comfort standards. If periods outside the adaptive comfort zone are occurring too often 

the validity if the natural ventilation conditioning approach can be called into question. Therefore 

measures to assist the natural ventilation process providing a satisfactory basic comfort level all the time 

can add significant value to rely on natural ventilation.  
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The basic working scheme of “comfort islands” is providing additional, yet localized, thermal comfort 

mitigation measures. Rather than providing comfort throughout the entire space by means of energy 

intensive HVAC, comfort islands provide comfort to occupants where they carry out their work within 

the space. In essence, comfort islands provide comfort where is matters most, at the level of occupants.  

Spaces with comfort islands combine advantages of conditioned and naturally ventilated spaces. They 

provide a certain level of comfort through energy efficient localized cooling, when natural ventilation 

alone cannot provide basic levels of comfort and space ventilation.  

Figures A‐1 through A‐3 describe the basic thermal balance and working principle of three types of space 

conditioning. Table A‐1 describes the parameters for heat and mass balance used in Figures A‐1 through 

A‐3.  

Table A‐1:  Parameters used in Figures A‐1 through A‐3 

Term ID  Description 
Heat flux 

sensible  latent

QIN‐ENV  Heat intake through envelope; include solar gain through 
openings 

Yes  No 

QIN‐AIR  Heat intake through air entering the space Yes  Yes 

QOUT‐AIR  Heat discharged from space by air leaving the space Yes  Yes 

QEQUIPM  Internal heat gain from equipment;  Yes  No 

QOCCUPNT  Internal heat gain from occupants Yes  Yes 

QOUT  Heat rejected from space by HVAC system; sensible and 
latent heat 

Yes  Yes 

     

Term ID  Description 

AirIN  Outside air entering the space

AirOUT  Air leaving the space; or air discharged from space by mechanical ventilation 

 

Figure A‐1 illustrates the heat and mass balance of a generic naturally ventilated space.  The indoor 

thermal conditions are determined by the exterior and interior heat gain and the ability of the air flow 

leaving the space to reject heat to the outside. The humidity inside the space is established by the 

humidity entering the space with the intake air and the internal humidity gain.  Under steady state, the 

heat gain and loss as well as the mass flow entering and leaving the space is equal.  

Figure A‐2 illustrates the heat and mass balance of a generic space with full HVAC.  The indoor thermal 

conditions, e.g. operative temperature, humidity and ventilation, are controlled by the HVAC system and 
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these comfort conditions are kept within a predetermined range at all times. Under steady state the 

heat gain and loss as well as the mass flow entering and leaving the space has to equal.  

 

 
Figure A‐1: Basic heat and mass balance of a generic naturally ventilated space  

 

 

 

Figure A‐2: Basic heat and mass balance of a generic space with full air conditioning  
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Figure A‐3 illustrates the heat and mass balance of a generic space with comfort islands. The air 

temperature and humidity level in the entire space are similar to the naturally ventilated space, they are 

NOT controlled by a central HVAC system. In the depicted working scheme of Figure A‐3 mechanical 

assist ventilation provides required outdoor air supply during periods of insufficient wind conditions and 

therefore insufficient natural ventilation rates.  Ceiling fans provide increased air flow velocities over the 

occupants.  The ceiling fans do not alter, however, the heat and mass balance of the entire space. The 

sole function of the ceiling fans is to lower the perceived ambient temperature of the occupants. The 

radiant cooling surfaces provide localized cooling and lower the operative temperatures at the occupant 

level.  

 

Figure A‐3: Basic heat and mass balance of a generic space with comfort islands

 

The working schemes of the three types of space conditioning, e.g. natural ventilation, HVAC and 

naturally ventilated spaces with comfort islands is describes in Tables A‐2 and A‐3.   
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Table A‐2:  Comparison of working schemes of the three types of space conditioning  

Type of space condition / 
properties that control 
thermal comfort  

Natural Ventilation 
Full Space 

Conditioning 
With Comfort Islands 

Control of air 
temperature in entire 
space  

None; inside air 
temperatures is 
regulated by outside 
environmental 
conditions and internal 
loads.   

Fully controlled; air 
temperature can be 
controlled by HVAC 
system.  

Limited; inside air 
temperatures is 
regulated by outside 
environmental 
conditions and internal 
loads.  (mechanical 
assist ventilation can 
mitigate some high 
internal temperatures) 
 

Control of radiant 
temperatures in entire 
space 

Very limited; inside 
radiant temperatures 
are regulated by 
convective heat 
transfer mechanisms; 
local elevated radiant 
temperatures from 
internal loads can be 
mitigated with 
effective internal 
ventilation pathways.   

Fully controlled; inside 
radiant temperatures 
are regulated by 
convective heat 
transfer mechanisms   

Limited; inside radiant 
temperatures are 
regulated by 
convective heat 
transfer mechanisms; 
local elevated radiant 
temperatures from 
internal loads can be 
mitigated with 
effective internal 
ventilation pathways 
(or mechanical assist 
ventilation)  
 

Control of humidity 
levels in entire space 

None; inside humidity 
level is regulated by 
outside environmental 
conditions and internal 
loads.   

Fully controlled; air 
temperature can be 
controlled by HVAC 
system. 

None; inside humidity 
level is regulated by 
outside environmental 
conditions and internal 
loads. (high internal 
humidity loads can be 
mitigated through 
increased air flow from 
mechanical assist 
ventilation).   
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Table A‐2:  Comparison of working schemes of the three types of space conditioning  

Type of space condition / 
properties that control 
thermal comfort  

Natural Ventilation 
Full Space 

Conditioning 
With Comfort Islands 

Control of radiant 
temperatures at 
occupant level 

None: inside air 
temperatures is 
regulated by outside 
environmental 
conditions and internal 
loads.   

Fully controlled; air 
temperature can be 
controlled by HVAC 
system. 

Controlled: Radiant 
temperatures at the 
occupant level lowered 
by actively cooled 
partition walls.  

 

Table A‐3:  Comparison of comfort perceptions of the three types of space conditioning  

Type of comfort 
perception and 
improvement measures 

Natural Ventilation 
Full Space 

Conditioning 
With Comfort Islands 

Thermal comfort  
perceptions by 
occupants  

Occupant experience 
contact to natural 
environment through 
controlled openings; 
additional impacts 
from internal loads.  
Local variations of 
comfort due to 
changing ventilation 
efficiency.     

Occupants are
basically experiencing 
a controlled internal 
environment in the 
entire room provided 
by the HVAC systems. 
Localized difference in 
thermal comfort 
might occur due to 
uneven introduction 
of cold air.   

Occupants are 
experiencing two 
levels of comfort; (1) 
the comfort level that 
is established in the 
entire room, and (2) 
comfort level that is 
established at the 
comfort islands.   

Comfort improvement 
measures 

The options are very 
limited since all space 
condition is all passive 

The HVAC system can 
be optimized by 
appropriate settings 
at the space and 
occupant level.  

Comfort conditions 
can be improved in 
two ways, (1) by 
providing sufficient 
ventilation levels at all 
time through the 
mechanical assist 
ventilation, and (2) 
through providing 
increased air flow over 
the occupants and 
lower surfaces close 
to the occupants  
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Table A‐4 illustrates the energy performance of the three types of space conditioning. Generic 

assumptions of energy demands are considered for the assessment. It is obvious that the actual energy 

demand for space conditioning depends on site, technology and operation specific situations. 

The energy demands of the four space conditioning depicted are relative to the full HVAC system, this 

means that 100% energy demand represents the full HVAC system energy demand. The distinction 

between “unit” and “overall” energy demand refers to the percentage required by the heat rejection or 

ventilation function and the total energy demand for all space condition functions, respectively.  

Type A ‐ Naturally ventilated space: There is no energy demand for space condition. 

Type B ‐ HVAC conditioned space: The following assumptions are used: 

 100 % of energy used for mechanical space ventilation represents 20% of total HVAC energy 

demand. 

 100 % of energy used for sensible cooling represents 48 % of total HVAC energy demand. 

 100 % of energy used for latent cooling represents 32% of total HVAC energy demand.  

Type C ‐ Naturally ventilated space with Comfort Island: It is assumed that 35% of the typical HVAC 

energy demand for sensible cooling is required; this equals 17% of total energy.   

Type D ‐ Naturally ventilated space with Comfort Island – and mechanical assist ventilation: In addition 

to the same 17% sensible cooling load, assumed for type C, 35% of the typical HVAC energy for 

ventilation is assumes. The 35% for space ventilation could be deduced from percentage of 

exceedance chart created by an internal CFD investigation.   

The comparative assessment suggests that energy savings relative to full HVAC for naturally ventilated 

space with comfort island alone and with additional mechanical assist ventilation as an additional option 

could be significant and surpass 80% and 70%, respectively.  
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Table A‐4:  Projected energy savings for different types of space ventilation and cooling  

 

 

   

Unit % Overall % Unit % Overall % Unit % Overall % Unit % Overall %

Energy demand on level of entire space:

Energy for space ventilation 0% 0% 100% 20% 0% 0% 35% 7%

Energy for sensible heat removal 0% 0% 100% 48% 0% 0% 0% 0%

Energy for latent heat removal 0% 0% 100% 32% 0% 0% 0% 0%

0% 100% 0% 7%

Energy demand on level of occupant:

Energy for sensible heat removal N/A N/A N/A N/A 35% 17% 35% 17%

Energy for latent heat removal N/A N/A N/A N/A 0% 0% 0% 0%

0% 0% 17% 17%

0% 100% 17% 24%

100% 0% 83% 76%

Note:

Unit % of energy expenditures indicates that x% of energy has to be spend relative to this specific heat removal function.

Overall % of energy expenditures indicates that x% of energy has to be spend relative to the total energy.

All values are relative to the energy demands of a full space conditioning. 

Type of space conditioning and applied technology

A B C D

HVAC conditioned 

space

Naturally ventilated 

space with comfort 

island

Naturally ventilated space 

with comfort island – and 

mechanical assist 

ventilation

Energy expenditures Energy expenditures Energy expenditures Energy expenditures

Total energy demand on space level >>> 

Total energy demand on space level >>>  

Total energy used to provide comfort in space >>> 

Energy saved relative to full space conditioning >>>

Description of energy service for function 

of conditioning 

Naturally ventilated 

space
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B ‐ Objectives of Experimental Investigations   

The main objective of the experimental investigations is to verify assumptions of system part 

performance relative to their heat rejection efficiency and their ability of achieving comfort levels.   

Part 3 of the research program includes the installation and operation of certain prototypes of comfort 

improvement measures and assessment of their performance.  

This FINAL report presents pertinent information about the following points: 

1. Provide a brief review of the mechanisms under which comfort is provided to occupants and 

how it is measured in qualitative and quantitative ways.  

2. Describe the scope of investigation carried out under Part 3  of the research program 

3. Identify technology options that were investigated and selected for the prototype installation.  

4. Describe the instrumentation and method of data acquisition used in the tests and 

measurements.  

5. Describe the test site and design of the prototype installations  

6. Present the preliminary test plan for testing physical performance parameters of the comfort 

measures. (Note: The test plan for the comfort studies with test subjects is still in a preliminary 

state and will be finalized before start of the human comfort tests).   
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SECTION 1 ‐ APPROACH FOR PRESENT COMFORT STUDIES 

This section provides a brief description about how comfort is experienced by building occupants and 

how the levels are quantified.  

1.1 Basic Considerations of Human Thermal Comfort 

Thermal discomfort is described as the absence of mechanisms that provide sufficient heat transfer to 

the environment. In a cold climate, this means that the human body loses more heat that can be created 

by metabolic activities. In a hot climate, this means that the human body cannot reject enough heat to 

keep the heat balance of the body within a preferable range. Since the investigations conducted under 

this research program are concerned with achieving thermal comfort in naturally ventilated spaces in a 

hot and humid climate, only mechanisms of heat rejection from the human body are considered.  

In terms of heat energy, or heat as we refer it in the following, the human body constantly achieves 

equalization of its heat balance. A balanced heat condition is achieved if the sum of heat inflow, outflow 

and generation is zero. Figure 1.1.1 illustrates the simplified heat balance and also indicates average 

amounts of rate of heat that is generated by human body in the course of different physical activities. In 

the case of office work the heat output of humans is around 120 watts. This is an average thermal power 

output and predicted heat rates for different activities vary slightly. 

 

Figure 1.1.1:  Heat generated by the human body and a basic illustration of thermal equilibrium 

There are several mechanisms available to the human body to reject heat to the outside environment. 

This means that the human body has several physical processes available to regulate body temperature 

within an acceptable range. We consider four mechanisms since they are relevant to the mitigation 
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measures that the project team has identified. The four mechanisms are illustrated in Figure 1.1.2 and 

are briefly summarized in the following.  

 
 

 

Figure 1.1.2:  Two categories and four main mechanisms of how the human body loses heat to the outside 
environment: 

 

The two main categories are sensible and latent heat loss. Sensible refers to changes in heat that we can 

“sense” such as measuring with a thermometer. This means the loss of heat energy goes hand‐in‐hand 

with a drop in temperature of an object that rejects heat. In latent heat loss the temperature of the 

object does not change since heat is used to create a phase change, e.g. evaporation of perspiration, or 

water, from the surface of the body.  

Sensible heat loss mechanisms include convection, radiation and conduction and latent heat loss is 

evaporation. For all sensible heat loss processes the heat always flows from the warmer to the colder 

objects. The heat transfer rate is a function of the temperature difference between the body and the 

ambient air. 

In warm climates, the human body has to continuously lose (reject) body 
heat to the environment to maintain thermal equilibrium  
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Sensible heat loss through convection: Under this process air is passing over the skin and heat is 

transferred to the passing air. The colder the air the more heat can be rejected from the body to the 

outside. The faster the air passes by the skin, even at the same air temperature, the more heat can 

be transferred, since the film resistance around the skin is reduced by the higher air speed.  

Sensible heat loss through radiation: Under this process the body radiates heat energy to colder 

adjacent objects. The heat loss occurs through electromagnetic waves, the body basically “lights” up 

objects which have a lower surface temperature. The objects and body must be in line of sight to 

each other. The rate of heat radiated to objects depends on the value of temperature difference 

between the body and the receiving objects, the relative orientation of the body and object, and the 

size of the object. It is important to remember that radiative heat loss happens at the speed of light 

(e.g. the speed of electromagnetic waves).  

Sensible heat loss through conduction: Under this process the body losses heat energy through direct 

contact with a colder object or matter, which can be solid, liquid or gaseous. The rate of heat energy 

exchanged between the body and colder objects depends on the temperature difference and the 

overall resistance of materials to the conduction of heat through it.  

Latent heat loss through evaporation: Under this process the body losses heat energy through 

evaporating water on the skin. The rate of heat loss is dependent on the amount of water that is 

evaporated, which in turn is dependent on the relative humidity of the ambient air and other factors 

such as air speed over the skin. Increase air speed significantly increases the amount of evaporation. 

The human body has the unique ability to use all heat transfer mechanisms in a combination that is 

most suitable, depending on the prevailing outside environmental conditions. There are many reasons 

why heat loss through touching cold objects or matters is not considered, and in conventional cooling 

technology only three heat transfer mechanisms are considered significant: convection; radiation and 

evaporation. There is a combination of heat transfer processes which have been identified for 

conditioned spaces that the human body prefers. Figure 1.1.3 illustrated the percentage of total in heat 

loss which is a “preferred” way to lose heat. The preferred combination in Figure 1.1.3 suggests that 

radiative heat loss is the most preferred process for humans to lose heat to the environment, followed 

by convection and evaporation.   

It should be pointed out that the preferred combination of heat loss mechanisms presented in Figure 

1.1.3 is guidance for establishing good cooling performance in conditioned spaces and not necessarily 

for naturally conditioned spaces. In naturally conditioned spaces and in humid climates the portion of 

heat rejection through evaporation is significantly higher that suggested in Figure 1.1.4. 
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In naturally ventilated spaces, no mechanical or other cooling processes take place that establish 

favorable internal environmental conditions. The air inside the space closely follows the conditions of 

the outside air, which has elevated temperatures and relative humidity levels. In the absence of 

conditioning and cooling the space with mechanical means, the preferred heat loss mechanisms 

suggested in Figure 1.1.3 cannot not be attained, and thus the overall heat loss uses a combination of 

heat transfer processes that are most effective under the conditions of natural ventilation. Figure 1.1.4 

shows that at higher air temperatures, the primary heat loss mechanism shifts from sensible to latent 

heat loss. This means that at higher temperatures the body needs to reject heat energy more and more 

through perspiration. High humidity levels are impeding heat loss through evaporation. Higher air 

velocities of body can increase the amount of evaporation.  

 
 
 
 

Figure 1.1.3:   Average combination of 
convection, radiation and evaporation that is 
perceived as preferred by human beings (has 
been establish for conditioned spaces) 

 

  Figure 3.2.4:    Contribution of sensible 
(convection and radiation) heat loss and latent 
heat loss (evaporation) to the total heat loss in 
humans. Note that above approximately 26°C 
(79F) the major portion of heat loss comes 
from evaporation  (source 
engineeringtollbox.com). These relationships 
have been developed for conditioned spaces. 
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1.2   Standards to Quantify Comfort  

The experience of thermal comfort happens on an individual level, and two occupants in a room with 

the same thermal conditions can feel different about whether it feels too warm or cold to them or if 

they do not perceive any thermal sensation at all. Standards have been developed to provide objective 

criteria of how a human will most likely experience thermal comfort. All of the relevant standards use six 

physics parameters that describe the predicted comfort level and provide a quantitative description.  

Figure 1.2.1 illustrates the six physical parameters. The parameters are furthermore discussed below in 

the following: 

Air temperature: Air temperature regulates a significant portion of heat transfer processes since the 

driving force for sensible heat loss is the difference between the skin temperature and the ambient 

air temperature. Air temperature is measures by conventional dry bulb temperature.  

Radiant temperature: This is the temperature of surfaces of objects to which the human body rejects 

heat through electromagnetic waves, e.g. through radiation. The total amount of heat that is lost 

through radiation from the human body is the sum of radiant heat loss to all relevant objects within 

the line of sight of the human body. In order to make things easier the term “mean radiant 

temperature” has been defined, which is the aggregated sum of radiant heat flux from objects that 

affect the body through radiant heat loss. The mean radiant temperature is measured through a so‐

called “globe thermometer”.  

Operative Temperature: Operative temperature is an expression that combines air and radiant 

temperature into one metric. Operative temperature is quantified as the weighted average of air 

and radiant temperature. When values of air and radiant temperatures do not deviate significantly, 

the operative temperature is the simple statistical mean of the air and radiant temperatures.  

Metabolic rate: Metabolic rate, as it related to human comfort assessment, is the level of 

transformation of chemical energy into heat and mechanical work by metabolic activities within the 

human body. Metabolic rate is defines in “met” units, with 1 met being the rate generated by a 

person at rest. Tables are available that provide met units for different activities. Examples are sleep 

and light office work as 0.7 met and 1.2 met, respectively.  

Clothing insulation:  Clothing insulation is the amount of thermal insulation created by clothing worn by 

a person. The value of clothing insulation is expressed in “clo” unit and can be determined by adding 

the value of any particular clothing worn by a person.   

Relative humidity: Relative humidity (RH) is expressed as the ratio of the amount of water vapor in the 

air to the amount of water vapor at saturation pressure of air at the specific temperature and 

pressure. Relative humidity has significance to human comfort in a range of processes, such as 

impeded ability to reject heat through evaporation at higher RH values to the feeling of itchiness 

and effects of respiratory system at very low RH values. RH is measured as a percentage.   
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 Air speed: air speed is expressed as the average speed of air measured at points of reference. Higher air 

speed can lower the perceived temperature, enabling the set point in air conditioned spaces to be 

increased without the loss of comfort or raising acceptability limit for naturally ventilated spaces. 

  

Human thermal comfort in internal spaces can be predicted statistically by using main comfort 

parameters and applying them to comfort standards. The result of predicted comfort suggests that a 

certain percentage of occupants will experience satisfaction with the thermal environment. 

 

Figure 1.2.1:  Main parameters to assess thermal comfort levels 
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1.3   Standards to Predict Occupant Comfort  

Standard ASHRAE 55 is a recognized tool to assess comfort levels based on the main parameters 

presented.  The standard applies to both conditioned and un‐conditioned, naturally ventilated spaces.   

In accordance with ASHRAE 55 compliance with the comfort standard can be demonstrated in two ways: 

Option 1. Determining level of comfort through actual measurements, selective indoor and 

outdoor environmental conditions for up to 30 days before the date of comfort 

assessment and using the ASHRAE 55 comfort tool to determine whether the required 

80% satisfactory rate has been achieved under the conditions. 

Option 2. Determining level of comfort through surveys, if the comfort criteria have been 

satisfied.  

Only Option 1 will be explained in the following paragraphs. Option 2 will be discusses in Section 4.5  

ASHRAE 55 comfort method:  

ASHRAE 55 includes two type of numerical assessment to determine level of comfort; (1) the PMV 

method which is typically used in conditioned spaces, and (2) adaptive comfort method which is used in 

naturally ventilated spaces.  

(1) PMV method:  The level of comfort can be assessed by determining the Predicted Mean Vote 

(PMV) index. The preferred method of calculating PMV is through use of the ASHRAE comfort 

wizard, a software application. For the present study the “CBE Thermal Comfort Tool for 

ASHRAE‐55” is used to determine PMV. The Predicted Percentage Dissatisfied (PPD) for the 

general comfort is determined by an established correlation between PMV and PPD.  

(2) Adaptive comfort method: ASHRAE 55 provides special considerations for spaces that are 

occupant‐controlled naturally conditioned space. In these spaces thermal conditions can be 

controlled by occupants through opening and closing of windows.  ASHRAE 55 suggests that that 

occupants' thermal responses in such spaces depend in part on the outdoor climate and may 

differ from thermal responses in buildings with centralized HVAC systems primarily because of 

the different thermal experiences, changes in clothing, availability of control, and shifts in 

occupant expectations.  

The two comfort assessment methods (1) and (2) represent indoor environmental conditions at 

opposite sides of the spectrum. For conditions where the space has some form of mechanical 

conditioning, as in the case of the present set‐up and the use of actively cooled radiant panels, ASHRAE 

55 suggests does not give concise guidelines.   
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This AHRAE 55 adaptive comfort method applies under the following conditions: 

 There is no mechanical cooling system installed that regulates the temperature and humidity in 

the space.  

 Occupants’ metabolic rates are between 1.0 and 1.3 met (met = metabolic rate; e.g. generic 

light office work has about 1.2 met, typing = 1.1 met; filing, standing = 1.4). 

 Occupants are free to adapt their clothing to the indoor and/or outdoor thermal conditions 

within a range at least as wide as 0.5‐1.0 clo (clo = clothing unit, see explanation below). 

The thermal insulation established by clothing is quantified with the “clo” unit. The effective insulation 

from clothing is the sum of all clothing items worn on the body. For the current thermal conditions in 

Room 301 the following generic clothing insulation is assumed: all underwear 0.05 clo, socks and shoes 

0.04 clo, blouse = 0.12 clo, thin trousers (long) = 0.15, therefore 0.05+0.04+0.12+0.15 = 0.36 clo. The 

range of 0.5 to 1.0 is therefore conservative since 0.36 indicates less thermal insulation and therefore a 

higher ability to reject heat.  

The ASHRAE 55 adaptive comfort method correlates the prevailing mean outdoor temperature to the 

operative temperature, both temperatures are determined as averaged temperatures over certain 

measurement cycles. The air speed in the space, determined by a weighted average of measurements at 

different heights, has a significant effect of the thermal comfort acceptance of occupants. The air speed 

refers to the movement of air over the body. Elevated air speed increases the heat transfer 

effectiveness in sensible and latent (e.g. evaporation) heat transfer processes. The ASHRAE 55 adaptive 

comfort method establishes two sets of operative temperature limits ‐ one for 80% acceptability and 

one for 90% acceptability. The 80% acceptability limits are for typical applications and should be used 

primarily.  It is acceptable to use the 90% acceptability limits when a higher standard of thermal comfort 

is desired. The acceptability of thermal comfort in Room 301 is determined by the 80% acceptability 

limits.  

Figure 1.3.1 illustrates the application of the method by a fixed set of assumed prevailing mean outdoor 

temperature and internal operative temperature and varying air speeds. The figure indicates the 

resulting correlation by a red circular pointer. When the pointer is inside the colored band the condition 

complies with ASHRAE 55‐210. The series of three images A, B and C in the figure show the dependency 

of thermal comfort sensation on the mean air speed. Higher air speed increases the allowable operative 

temperatures band, by pushing the colored compliance band upwards, and therefore results in 

compliances at higher operative temperatures.  Figure 1.3.1 indicates that the temperature setting with 

a low airspeed of 59 foot per minute (fpm) does not comply with ASHRAE 55‐210 standard, while 

conditions with higher air speed but the same temperature do comply.  
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Figure 1.3.1:   ASHRAE 55‐2013 adaptive comfort method – dependency on air speed to achieve code compliance 
(CBE adaptive comfort assessment tool )

 

1.4   Using Heat Stress as Indicator for Level of Comfort 

While ASHRAE 55 2013 uses relative humidity as one of the parameters to assess comfort, the optional 

Adaptive Comfort method for naturally ventilated spaces does NOT consider relative humidity effects. 

This is due to the fact that the Adaptive Comfort method delineated in ASHRAE 55 is a statistically 

derived predictive tool that addresses expected probability of thermal comfort based on the person’s 

ability to adapt prevailing outside temperatures.  The relative humidity level, however, has a significant 

effect on heat loss processes.  Sweat does not evaporate as quickly when the air is moist as it does in a 
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dry climate. Since evaporation of sweat from the skin is one of the main processes of heat loss from the 

human body at higher temperatures, high relative humidity levels reduce the natural cooling capacity. 

Evaporation rates are increased at higher air speeds across the skin. Therefore, at higher temperatures 

and relative humilities increased air speed is an effective measure to help humans to reject heat. 

The Heat Index as an important thermal indicator that combines air temperature and relative humidity 

into a single value, the “apparent temperature.” The heat index indicates how hot it really feels when 

the effects of humidity are added to high temperatures. A heat index matrix has been established with 

categories ranging from “uncomfortable conditions” to situations when effects of heat and high relative 

humidity can lead to heat exhaustion or heatstroke. Figure 1.4.1 shows the heat index chart which is 

promulgated by the Oceanic and Atmospheric Administration (NOAA) National Weather Service website. 

The NOAA heat index indication method was developed for a shade outdoor setting with light wind 

conditions. In cases where people are exposed to full sunlight the heat index has to be increases by 15 F 

or more. The heat index categories used by NOAA is also referenced by the Occupational Safety & 

Health Administration (OSHA). The NOAA and OSHA heat index categories are shown in Figures 1.4.2  

and 1.4.3, respectively 
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Figure 1.4.1: Heat Index Chart published on NOAA Weather Service website 

 

.   
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Figure 1.4.2: Heat Index Chart published on NOAA Weather Service website 

 

 
Figure 1.4.3: Heat Index Chart definitions published by OSHA 
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1.5. Mechanisms to Increase Thermal Comfort in Natural Ventilation Considered  

The term naturally ventilated spaces needs perhaps a bit more clarification. Naturally ventilated spaces 

are such that primarily rely in natural driving forces to ventilate spaces and lack mechanical means of 

cooling the entire space. Naturally ventilated spaces are open to the environment and are not sealed. 

This means that no sensible and latent heat is extracted from the intake air. Naturally ventilated spaces 

can have, however, mechanical means to change conditions in the room, but these changes in condition 

exclude cooling and reducing the humidity under normal way of operation. Air that is introduced to 

naturally ventilated spaces basically retains the temperature and absolute humidity.   

Three mechanisms to change conditions in naturally ventilated spaces in order to increase comfort have 

been identified for this research project: 

1.   Comfort measure 1: Provide mechanical ventilation when natural ventilation driving forces are 

insufficient:  Supplying sufficient outside air to naturally ventilated spaces can at times not be 

guaranteed, since wind and buoyancy driving forces depend on favorable external conditions. These 

driving forces are intermittent. During periods of insufficient environmental driving ventilation 

forces (e.g. sufficient pressure differentials) the mechanical ventilation provides the pressure 

difference to move air through the spaces. In this case we refer to the mechanical systems as a 

mechanical “assist” ventilation system.  

The importance of sufficient ventilation is code compliance and the supply of sufficient outside air is 

required under applicable standards, such as ASHRAE 62.1, which are often adopted as local building 

performance codes. The second importance of introducing sufficient outside air is to expel internal 

heat gain to the environment and therefore avoid temperature rises in the space due to internal 

heat sources. 

2.   Comfort measure 2:   Provide increase air velocities over the occupant body:  The purpose of 

increasing air speed over the occupant body is the individual cooling effect. Increased air velocities 

decrease the boundary layer thickness over the skin, and therefore reduce the heat transfer film 

resistance, which in turn stimulates convective heat loss from the body. In addition, increase air 

velocity increases the amount of evaporation and therefore latent cooling.  

Providing increase air velocities over the body has no effect on the ventilation performance. It is not 

a measure that acts on the level of the entire space. The effects are localized and they affect the 

thermal comfort perception of only those occupants which are directly exposed to the increased air 

velocities. 
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3.   Comfort measure 3: Provide radiant cooling to lower the operative temperature:  The operating 

temperature can be lowered by providing cooling surfaces which are lower than the ambient room 

temperatures. The cooling effect is different from radiant cooling in conventional radiant cooling 

applications, where the radiant cooling surfaces remove most of the sensible load from the entire 

space. In the application for this research the cooling surfaces are acting only locally, and provide 

limited radiant cooling to occupants and not the entire space.  

One important feature of the type of radiant cooling is that the space will not be dehumidified as it is 

required for conventional radiant cooling. This fact creates opportunities and challenges. Opportunities 

are created by not dehumidifying the air in the space, which means not lowering the humidity levels in 

the intake air and removing internal humidity sources. Dehumidification typically represents a large 

portion of overall energy demands in hot and humid climates. Challenges are encountered by the need 

to keep the radiant surfaces as well as the chilled water supply conduits about dew point, or otherwise 

risk condensation.   

1.6 Technology Innovations Investigated Under Part 3 of Project 

The comfort enhancing measures 1 and 2, discussed in Section 1.5, namely increased air velocities of the 

occupants and rejecting internal heat gain through ventilation can be regarded as conventional 

measures. They have been used for a long time, well before mechanical cooling became widespread, 

although their use has become less dominant in modern building designs.   

The third comfort enhancing measure, discussed in Section 1.5, is an innovative technology and this 

research project will test the basic proof of concept. The challenge, as was already pointed out, is that 

the radiant surfaces need to remain well above the dew point or having the risk of condensation on 

below dew‐point surfaces or at least elevated relative humidity levels close to the cold surfaces.  

As an additional innovation the use of Phase Change Material (PCM) radiant panels was planned for this 

research study. PCM boards could potentially offer interesting energy saving options for naturally 

ventilated spaces. The PCM panel has high heat storage capacities due to the latent heat change of 

encapsulated phase‐change material. This makes it possible to use nighttime flushing to “precool” 

spaces with colder air during the nights. Because of technical difficulties the investigation into PCM 

panels were not carried out under the present research. The ERDL team still believes that PCM panels 

could be an important part of energy savings in buildings, especially those that are missing sizeable 

thermal mass construction.   

A further innovation will be the combination of comfort enhancing measures. ASHRAE 55 stipulates that 

the combination of different radiant and air temperatures and the resulting temperature differential has 

effects on the effectiveness of increased air velocity as cooling strategies.  
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1.7   Comfort Measures that will be Tested in Part 3 of Project  

Project Phase 3 will use a comfort “chamber” to test two technologies which have significant potential 

to improve comfort levels in naturally ventilated building in warm climate. These two technologies are: 

1. Install a ceiling fan to provide a range of locally increased air velocities. The ceiling fan will have 

a range of air velocities and will have the capacity to provide a “gentle shower” at low fan speed 

or more intensive air movements at stronger fan speeds. 

2. Install radiant cooling panels that are actively cooled to a range of temperatures.  

The effect of mechanical ventilation cannot be tested in the comfort chamber since elevated 

temperatures and humidity levels will be established in the chamber.   

  

1.8   Type of Comfort Investigation  

The comfort investigation will include the following qualitative and quantitative types of measurements: 

Comfort surveys: The level of comfort will be assessed in occupant comfort surveys. The level of comfort 

is a subjective experience, and occupants react differently to the same environmental conditions in 

spaces. The comfort surveys will provide data for statistical analysis of the perceived level of 

comfort from a sample group. The surveys are qualitative descriptions of comfort improvements 

created by the technologies used in these tests.   

Measuring comfort relevant physical properties for PMV: Physical properties, such as air temperature, 

mean radiant temperature, air velocity and humidity will be measures for analysis of the so‐called 

Predicted Mean Vote (PMV). PMV is a recognized thermal comfort model that correlates physical 

properties in the space and the occupant to the predicted thermal comfort experience.  

Measuring physical properties for CFD validation: A main objective of the Project Phase 3 is the 

application of CFD thermal and air flow simulations to study the physical performance of the 

comfort improvement measures.  
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1.9 Validation of CFD Comfort Simulations  

CFD simulations will be conducted to investigate the performance of the comfort improvement 

measures. The goal of the study is to achieve a correlation of physical properties of the space and 

measures the level of comfort obtained through surveys and PMV.  

The CFD will be validated with actual measurements of air temperature, mean radiant temperature, 

humidity and air velocity due to ceiling fan operation. The measurements for CFD validation will be 

conducted during times when no comfort survey test will be conducted.  
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SECTION 2 – DESCRIPTION OF THE TEST SITE  

2.1   Candidate Spaces for the Comfort Investigations  

For preparation of the tests for Phase 3 several candidate test spaces were under consideration to 

complete the planned scope of the investigations. The following candidate test spaces were considered: 

Sinclair Room 301: The ERDL team was tasked to perform a comfort study and develop strategies to 

improve the comfort in the currently naturally ventilated space. The ERDL team installed mechanical 

assist ventilation systems that were comprised of two large fan units, both with two 6,500 cfm propeller 

type fans. The investigation for Room 301 included the study of mechanical assists ventilation and their 

contribution to control space heat balance. The studies also included the installation of a ceiling fan for 

one office cubicle, which functioned as a “test cubicle”.  It was also planned to install the radiant cooling 

panels in the test cubicle, but the planned installation could not be realized.  

HIG 411: The room HIG 411 was considered as a test space since it offered an office setting with the 

space to accommodate two desks, one with the installed comfort improvement measures, the other as a 

normal “baseline” desk, without comfort improvement. The room could not be acquired as the test site. 

HIG 204: The room HIG 204 is located next to the office in HIG 205 which is used by the ERDL field 

measurement team. HIG 204 is a room that has no windows and has been used as storage space and 

overflow office. The room HIG 204 was selected to be the test site.  

 

2.2   Description of the Selected Test Site 

Room HIG 204 is a windowless space that has a door to the exterior. The room dimensions and the room 

configurations prior to the test are depicted in Figures 2.2.1 and 2.2.2. The room was rearranged to 

make space for two test desks with textile covered partitions as room dividers.  The layout of the test 

site is shown in Figure 2.2.2.   
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Figure 2.2.1:  Dimensions and room configuration of Room HIG 204 prior to tests  

 

Figure 2.2.2:  Room configuration of Room HIG 204 prior to tests
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Figure 2.2.3:  Layout of the test set‐up in HIG 204 (the full size image is presented in Appendix A) 
 

 

Figure 2.2.4:  Layout of the test set‐up in HIG 204 – Section A‐A (the full size image is presented in Appendix A)
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There will be two desks in Room HIG 204. Desk One is the “baseline desk” which has no comfort 

improvement measures. Desk Two is equipped with a wooden structure that will support the various 

comfort improvement measures. Since the comfort measures will be tested in different configurations, 

the wooden support structure provides flexible structural support for the measures.  

2.3   Wooden Support Structure for Test Set‐up 

The wooden support structure is depicted in Figures 2.3.1 through 2.3.x. The full size figures of the 

wooden support structure is presented in Appendix A 

The main purpose of the wooded structure is to provide support for the comfort improvement 

measures.  

 The ceiling fan will be installed on a cross beam of the wooden structure and the ceiling fan will 

be moveable along the cross beam. This provide the flexibility to move the ceiling fan, which is 

important since the test desk will also be moved to establish certain distances to the cooling 

panels.  

 The radiant cooling panels will be hung from the horizontal beams. The height and location of 

the cooling panels can be easily adjusted by the support wires and by moving the support cross 

beams, respectively.  

 The chilled water piping systems will be installed on the wooden structure by means of simple 

pipe hangers.   

 

2.4  Chilled Water Supply System. 

The actively cooled radiant panels were connected to a supply and return piping systems. The pipes are 

connected to a chiller and a circulation pump that are located outside of the room. Provisions will be 

made to facilitate removal of air pockets from the chilled water supply.  

2.5   Heating and Humidification to Attain Desired Room Temperatures and Humilities  

Electric heaters will be used to hold the climate test chamber (e.g. room HIG 204) at a certain 

temperature. Humidity will be introduced into the room air by a suitable vaporizer. 
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SECTION 3 –SCOPING TESTS  

This section describes a series of initial scoping tests which were conducted to determine the heat 

transfer performance of two radiant panel configurations, the ThermoCore Phase Change Material 

(PCM) panel and the Barcol aluminum panel, which are referred to as PCM panel and radiant panel, 

respectively.  Scoping tests with both panel types were performed to determine heat transfer 

performance of panels and determine if the chilled water loop of the test set‐up could serve the 

required chilled water temperatures to establish low panel surface temperatures.    

3.1  Description of the Two Types of Radiant Panels Used in the Scoping Tests  

The two panel configurations are shows in the following Figures 3.1.1  and 3.1.5. 

PCM panel assembly: A heat transfer device had to be attached to the PCM board in order reject the 

heat from the PCM panel to the chilled water. It was opted to utilize a Gypsum Ceiling System (BRG) 

provided by Barcol as the heat rejection device. The BRG consisted of 4‐inch wide aluminum plates with 

an attached meander of 10 mm copper tubing. The connection between aluminum attached the copper 

tubing was such to allow effective heat transfer between the aluminum plates and the copper tubing. 

Figure 3.1.1 shows the working principle of the PCM board. By mixing PCM granular material into the 

gypsum plaster the resulting PCM‐gypsum board attains significantly larger specific heat capacity than 

normal (e.g. without PCM) gypsum boards. 

Figure 3.1.1: Phase Change 
material (PCM) gypsum 
board. 
 
Note: the PCM boards were 
provided by National 
Gypsum. They are not yet 
commercially available.  
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Figure 3.1.2 shows the Gypsum Ceiling System (BRG) heat rejection assembly. The chilled water is 

conveyed through the copper tubing, thereby removing heat from the four aluminum plates. Figure 

3.1.3 depicts the attachment of the copper tubing to the aluminum plates. As can be seen the copper 

tubing is embedded in an extruded channel which establishes a tight fit and provides for good heat 

transfer performance.   

Figure 3.1.2: Gypsum Ceiling 
System (BRG) heat rejection 
assembly 
 
Note: the BRG assembly used 
in the scoping test was not 
painted and the fourth 
aluminum plate was 
removed to fit the PCM 
board.   

 

Figure 3.1. 3: Connection of 
copper tubing to aluminum 
plates of the BRG 
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Figure 3.1.4 shows the completed PCM panel assembly comprised of PCM board and the BRG. The PCM 

board has attached to the BRD by gluing the BRG to the surface of the PCM board. The BRG systems 

came with self‐adhesive rails. In Figure 3.1.4 the PCM is the white board inside. The BRG is shown with 

three aluminum panels, where one aluminum plate was removed to fit the BRG to the PCM board 

dimensions.  In order to provide structural strength, the PCM was mounted on a wooden frame. A 1.5 

inch Styrofoam insulation was added to the back of the PCM board, e.g. on the side of the BRG, in order 

to minimize unwanted heat transfer to the PCM board.  

Figure 3.1.4:  Completed PCM panel assembly.  Note: This PCM panel assembly was used only in the scoping test

 

Aluminum radiant (ceiling) panels: Figure 3.1.5 shows the radiant panel provided by Barcol USA. These 

types of panels are commercially available and have been installed in numerous radiant ceiling cooling 

applications.   
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Figure 3.1.5:  Radiant panel  
Note: Panel is show from the back side; for the test a 1.5 inch Styrofoam insulation was added   

 

3.2   Description and Results of Scoping Tests  

The scoping tests included the following tasks: 

Chilled water loop shake down testing:  

 Determine the process to fill the chilled water system with water (and be able to expel all air in 

the system) and run the chilled water loop successfully. (the flow schematic of the initial scoping 

tests is presented in Figure 3.1.6 )  

 Calibrate the flowmeter  

 Obtain experimental experience in installing fixed and flexible tubing components  

Thermal performance of radiant panels:   

 Assess the thermal response of the two types of radiant panels,   

 Determine the approach temperature between radiant panel surface and the chilled water 

supply temperatures.  
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Figure 3.1.6:   
Basic process diagram of 
the system used in the 
scoping tests  
 
Note: The instruemtnation 
and data acquisition points 
are indicated in the figure.  

 

The scoping test included the following steps: 

 Attach the radiant panel to the chilled water supply and fill completely with water, removing all 

the bubbles and air pockets 

 Leave the panel inside the heated room so that the panel can acquire the ambient room 

temperature  

 Record the panel surface temperature and the chilled water supply temperature. 

 Run the chilled water supply and record temperatures as a function of time.  

Figure 3.1.7 shows the temperature response of the PCM board to cooling with chilled water. The 

temperature response shown in Figure 3.1.7 indicates that the smallest temperature difference 

between the chilled water and the PCM panel surface is between 7 F and 8 F. Figure 3.1.8 shows 

temperature response of the radiant panels. The temperature response shown in Figure 3.1.8 indicate 

he smallest temperature difference between the chilled water and the PCM panel surface is between 

1.5 F and 2 F. 
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Figure 3.1.7:  Thermal response of PCM panel during scoping tests 

 

Figure 3.1.8: Thermal response of Barcol radiant (aluminum) panel during scoping tests 
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Table 3.1.1:  Thermal performance of the two types of panels test in the scoping tests 

Type of radiant panel 
Approach 

temperature(**) 

[F] 

Chilled water temperature 

Supply [F]  Return [F] 

PCM board   7.0 – 8.0  65.5  67.5 

Barcol radiant ceiling panel  1.5 – 2.0  64.0  66.0 

Note: Approach temperature is the difference between CHW supply and panel surface temperature    

 

3.3 Conclusions of Scoping Tests  

 The working scheme of chilled water generation by using a chilled air (AC‐unit) coupled with an 

air‐to‐water heat exchanger and distribution systems worked satisfactorily. Care was taken to 

avoid buckling of the flexible hoses where flexible hoses and fixed piping fittings connect.  

 Condensation could be observed when the chilled water temperatures were noticeably below 

the dew point. While some small quantities of condensed water is not a significant concern to 

the operation of the test set‐up, the fact that very low chilled water temperatures would be 

needed to cool the PCM was a significant concern and decision point to select other boards for 

the test. 

 The temperature difference between chilled water supply and surface of the PCM panel is in the 

range of 7 to 8F. This is a significant temperature difference and it implies that the chilled water 

would have to be significantly below the dew point in order to bring the panel surface 

temperature to a temperature slightly above dew. Therefore it was decided to use all metal 

aluminum radiant panels as radiant surfaces in lieu of the PCM panels.    
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 SECTION 4 – PROTOTYPES AND SUPPORT SYSTEMS 

Section 4 presents the test set‐up configuration including comfort enhancing equipment and support 

systems as it is at the time of completion of shake down testing. In the course of optimizing the test set‐

up the research team incorporated numerous improvements. In this section only the final configuration 

of the test set‐up is presented. A photo documentation of the test set‐up is presented in Appendix E.  

This section provides information about the function, selection, procurement process, and specifications 

of the prototype equipment and the required support systems.  

A. Prototype equipment:  

A. 1 Ceiling fan (high performance fans)  

A. 2 Actively cooled radiant surfaces (e.g. radiant panels) 

B. Support equipment: 

B. 1 Chilled water system 

B. 2 Heating and Humidification 

4.1    Prototype equipment – Ceiling fan 

The ceiling fan used in the test set‐up is a Haiku fan provided by Big Ass Solutions.  

Equipment function / 
process 

Description  

Function   Provide a good control of air flow 

 Have a well distributed air flow 

 Outstanding energy demand (e.g. low energy consuming fan that 
would be installed for the purpose of energy efficient comfort 
measures)  

Overall description and 
procurement.  

 The Haiku fan is a very low energy consumption fan with high 
performance foils. A MOU was executed with Big Ass Fan (BAF) 
Company Inc., the manufacturer of the Haiku.  

Specifications  The fan has the following main performance characteristics: 

 Quiet operating fan on high speed   

 Patented "self‐balancing" system 

 Remote control included 

 6 speeds and reverse function 

 Energy efficient DC‐motor  

 SenseME™ technology to adjust fan speed to room conditions 

 Optimized 3d‐aerofoil blades for even airflow 
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Equipment function / 
process 

Description  

The full specification of the Haiku is provided at the following link:
http://www.bigassfans.com/products/haiku/  
 

Haiku product photo – Big 
Ass Fans  
 

 
 

 

4.2    Prototype Equipment –  Barcol  Radiant Panels  

Barcol radiant panels were selected as the radiant surfaces.   

Equipment function / 
process 

Description  

Function   The Barcol radiant panel is an “off‐the‐shelf” product which can be 
readily installed at the test site to achieve radiant cooling capacity.   

 The radiant panel has a good thermal performance with a minimum 
of approach temperatures between chilled water and panel surface 

 The response time of the radiant panel to thermal changes is fast 
because of a high panel thermal conductivity.   

  

Specifications  The specifications are included in Appendix B.More specification can be 

accessed at  http://barcolairusa.com/Radiant‐Ceilings.php  

Ceiling System by Steel Ceilings Inc., System: 15/16'' T‐Grid, Lay‐In, Square 
edge, Standard Leg, Material: 0.040" Aluminum, Surface: Global white 
polyester powder coat, Perforation: B Pattern (holes to be approx. 1.5 mm 
in diameter and 3mm apart), panels are 2’ x 4’. 
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Equipment function / 
process 

Description  

BARCOL‐AIR Barcol‐Air 
Radiant Ceiling (BRC) 
Product picture 
(annotated  by the 
authors)  
 
 

 

 

 

4.3  Support Equipment ‐ Chilled water system – Working process 

Selecting and procuring the chilled water system included several options and vendors. The chilled 

water system has the following elements (instrumentation is not included at this point): 

 Chiller unit (AC unit) 

 Air‐to‐water heat exchanger  

 Chilled water piping and valves 

 Chilled water pump  

Figure 4.3.1 shows a basic schematic of the chilled water systems as it was designed at the start of the 

shake down testing.  

 



 FINAL  Report on Test Set‐up and Prototyping of Natural Ventilation Enhancement Technologies

SECTION 4 – PROTOTYPES AND SUPPORT SYSTEMS

 

 

Contract No.N000‐14‐13‐1‐0463                                    Project Deliverable No.11.2.:  Part 3 – FINAL  Comfort Studies – Test set‐up 
Hawaii Natural Energy Institute                                                                                        Environmental Research and Design Laboratory    

School of Architecture, University of Hawaii
August 12, 2015                                                                                                                                                                                        Page  43

 
 

Figure 4.3.1: Schematics of the initial chilled water system (at the start of the shake down testing) 

 

The following system optimizations were added to improve the system performance: 

 Separating the chilled water system into primary and secondary chilled water loop. The 

primary chilled water loop rejects heat from chilled water loop by means of chiller units (e.g. AC‐

unit). 

 A chilled water reservoir, e.g. a commercially available 40 gal cooler, is added to the chilled 

water system. The chilled water reservoir allowed a more precise temperature and flow control of 

the chilled water supply. 

 Re‐circulating the chilled air discharge of the heat exchanger and directing it towards the AC‐unit 

intake. It was found that the heat removal by the chilled air was not as effective as anticipated. As 

a result of optimization trials, a re‐direction of the exhaust air from the heat exchanger back to the 

Ac‐unit intake was installed, which increased the cooling performance of the system significantly.  
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 The chilled water generation unit (AC‐unit, chilled water reservoir and pumps) was placed on a 

movable wooden platform that allowed the research team to move the unit in and out of room 

205.   

Figure 4.3.2 shows the basic flow diagram of the optimized chilled water system, which will be used in 

the actual tests.    

 

Figure 4.3.2:    Basic flow diagram of the chilled water system configuration that will be used in the experimental 
testing  

 

 



 FINAL  Report on Test Set‐up and Prototyping of Natural Ventilation Enhancement Technologies

SECTION 4 – PROTOTYPES AND SUPPORT SYSTEMS

 

 

Contract No.N000‐14‐13‐1‐0463                                    Project Deliverable No.11.2.:  Part 3 – FINAL  Comfort Studies – Test set‐up 
Hawaii Natural Energy Institute                                                                                        Environmental Research and Design Laboratory    

School of Architecture, University of Hawaii
August 12, 2015                                                                                                                                                                                        Page  45

 
 

4.4  Support Equipment ‐ Chilled water system ‐ Chiller unit (AC unit) 

Equipment function 
/ process 

Description  

Function   Provide chilled water at the temperature and quantity that is required to 
achieve the test objectives. 

 Provide a flexible yet robust working process to build and operate the chilling 
capacity  

 Use a conventional AC window unit incorporated into a chilled air duct to 
provide chilled air to the air‐to‐water heat exchanger 

   

Selection process  A surplus window unit was used 
 

Specifications  Kenmore, Model 253.70121 12,000 BTU, 60 Hz, 1 Ph 

Produkt Image,  
Kenmore  
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4.5  Support Equipment ‐ Chilled water system – Air‐to‐water Heat Exchanger  

Equipment function / 
process 

Description  

Function   Transfer heat from the chilled air to the chilled water  
   

Selection process  The commercial small air to water heat exchanger was selected; the typical 
application for the heat exchanger is to transfer heat from flue gases to 
water for heating purposes. The application in the test set‐up was different 
since the temperature differentials between the gas and water were 
significantly lower than in applications for which the heat exchanger is 
typically used. Therefore the product specification of the heat exchanger 
does not exactly apply to this test configuration.  
 

Procurement process  The small heat exchanger was procured 
 

Specifications  Brent Industries LLC, part# HWC‐20X20, see Appendix C 

Product image, Brent 
Industries   
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4.6   Support Equipment ‐ Chilled Water System –Piping  

Equipment function 
/ process 

Description  

Function   Convey the chilled water from the chiller unit to the radiant panels  

 Provide a flexible way to convey and distribute the chilled water supply and 
return 
 

Selection process  The chilled water piping system consists of ½ inch PVC piping, flexible hosing, 
valves and fittings. All piping components are standard products.   
 

Procurement process  PVC piping, flexible hosing, valves and fittings will be purchased either locally or 
ordered online  
 

Specifications  Standard product specifications apply.   

Illustrations   The following figure shows systematics of the chilled water piping system. Not all 

panels are shown. More information is provided in technical drawings shown in 

Appendix A and D 
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4.7  Support Equipment ‐ Chilled water system –Pumps 

Two types of pumps were used: (1) a small submersible pump to fill the chilled water system and (2) an 

inline pump to convey the chilled water through the piping system. 

Equipment function / 
process 

Description of small submersible pump 

Function   Provide hydraulic energy to convey the chilled water through the heat 
exchanger of the primary cooling loop 

 Fill the chilled water system (radiant panels and piping) and purge air 
out of the system   

 

Selection process  The chilled water pump was selected based on their nameplate capacity
 

Procurement process  The chilled water pump has been purchased 
 

Specifications  Specification are provided on Appendix C 

Image of chilled water 
pump, Little Giant pumps 
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4.8  Support Equipment – Space Heater 

Equipment function / 
process 

Description  

Function  Provide heating to the room air for establishing the warm temperatures 
that are used in the comfort climate chamber  

 

Selection process  The heater was selected online as a regular space heater with easy 
operation.   
 

Procurement process  Two (2) space heater have been purchased
 

Specifications  Vornado ATH1 whole room tower heater, automatic climate control 

2 heat settings (750W or 1500W) and 2 fan settings (Auto or Continuous) 

 

Product image, Vornado  
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SECTION 5 ‐ INSTRUMENTATION AND P&I DIAGRAMS 

The range of instrumentation and types of measurement procedures used in this project were as 

follows:   

1. Air temperature in room 

2. Relative Humidity in room 

3. Contact temperature (for chilled water pipe and panel surface temperature)  

4. Flow sensor ‐ for chilled water flow  

5. IR temperature probe – for assessment of surface radiant temperatures of objects 

6. Hot wire anemometer – to measure air velocities generated by the ceiling fan 

7. Hand held anemometer – to make spot checks for air velocities  

8. Carbon dioxide level to detect ventilation needs of the climate chamber 

 

Table 5.1 shows the type of measurement procedure used in the test set‐up. Table 5.2 shows the types 

of instruments are being used. 

 

Table 5.1:  Type of measurements used  

I.D. 
equipment  Function of measurements  

Number of sensors 
required  

A  Air temperature measurement; measures temperature 
of chilled air upstream of the heat exchanger  

1 

B  Air temperature measurement; measures temperature 
of chilled air downstream of the heat exchanger 

1 

C  Flow rate of chilled water measurement; measures 
flow rate chilled water supply flow 

10 (one for each of the 
planned 10 panels) 

D  Chilled water temperature measurement; measures 
cold water air temperature in the SUPPLY piping 

1 

E  Chilled water temperature measurement; measures 
cold water air temperature in the RETURN piping 

1 

F  Air temperature measurement; measures air 
temperature in the room air 

2 

G  Air humidity measurement; measures relative humidity 
levels in the room air  

2 
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I.D. 
equipment  Function of measurements  

Number of sensors 
required  

H  Radiant panel surface temperature measurements; 
measures surface temperature of panel through 
contact sensor 

10 (one for each of the 
planned 10 panels) 

I  Radiant panel surface temperature measurements; 
measures surface temperature of panel through IR 
thermometer  

1 

J  Air flow measurements; measures air velocities due to 
ceiling fan with anemometer 

8 

K  Air flow measurements; measures air velocities due to 
ceiling fan with hand held flow sensor 

1 

L  Carbon dioxide levels measurements; measures Carbon 
dioxide levels in the room air 

1 

M  Chilled water temperature measurement; measures 
cold water air temperature in the Cooler that serves as 
container. Min / Max Temp. switching  

1 

N  Mean radiant temperature measurement;  5 
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Table 5.2:  Type of instruments used  

 
 I.D. 

equipment  Function of Instrumentation  Product name  

A  Air temperature measurement  Onset HOBO UX‐100‐023

B  Air temperature measurement Onset HOBO UX‐100‐023

C  Flow rate of chilled water 
measurement 

Grundfos VFS 1‐20 vortex flow sensor 

D  Chilled water temperature 
measurement 

Onset HOBO UX120‐006M equipped with Onset 
TMC6‐HE (flat stainless steel tip) 

E  Chilled water temperature 
measurement 

Onset HOBO UX120‐006M equipped with Onset 
TMC6‐HE (flat stainless steel tip) 

F  Air temperature measurement Onset HOBO UX‐100‐023

G  Air humidity measurement  Onset HOBO UX‐100‐023

H  Radiant panel surface temperature 
measurements  

Onset HOBO UX120‐006M equipped with Onset 
TMC6‐HE (flat stainless steel tip) 

I  Radiant panel surface temperature 
measurements  with IR sensor 

Flir b50 camera

J  Air flow measurements;   Accusense F900 hot wire anemometers equipped 
with the XS blade and signals were acquired with a 
National Instruments UBB‐6341 USB device and a 
laptop equipped with National Instruments Signal 
Express software. Data processing was completed 
using a Python script. 

K  Air flow measurements; hand held 
instrument  
 

Graywolf Hand held Anemometer AS‐201, Graywolf 
Sensing Solutions, 

L  Carbon dioxide levels 
measurements 

Telaire 7001 (signal was acquired by an Onset 
HOBO UX120‐006M) 

M  Min / Max Temp. switching Johnson Controls electronic temperature controller 
A419ABG‐3C 

N  Mean radiant temperature 
measurement; 

Onset TMC20‐HD temperature probe incased in a 
40‐mm celluloid globe (table tennis ball) spray‐
painted matt black. 
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Figures 5.1 through 5.5 show P&I diagrams with instrumentation used for the experimental set‐up.  

 

Figure 5.1:      Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 1 ‐ Radiant panels in the test 
station with Chilled Water system (the full size diagram is presented in Appendix D) 
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Figure 5.2:   Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 2 ‐ Chilled Water (CW) 
generation plant (the full size diagram is presented in Appendix D)  
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Figure 5.3:  Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 3 ‐ IR measurement of  radiant 
temperature on walls, ceiling and floor (the full size diagram is presented in Appendix D) 

 

 

Figure 5.4:  Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 4 ‐ Recorded temperature and 
humidity measurements in test and control stations (the full size diagram is presented in Appendix D) 
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Figure 5.5:  Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 5 ‐ Anemometers used in 
validation tests in test station (the full size diagram is presented in Appendix D) 

 

 

 

 

Note (*)

Definition of Instrumentation in P&I D

First letter:      Measured variable
F Flow
T Temperature
M Humidity

Second letter Passive Function
R Recording 
I Indicating 

Identifier in P&I D:

Example:
First letter : T = Temperature measured

Second letter: R = Recorded 

Identifier in P&I D:  Identifier for  Data Acquisition & processing 

TI
TP1



FINAL  Report on Test Set‐up and Prototyping of Natural Ventilation Enhancement Technologies

SECTION 5 – INSTRUMENTATION AND P&I DIAGRAMS  

 

 

Contract No.N000‐14‐13‐1‐0463                                    Project Deliverable No.11.2.:  Part 3 – FINAL  Comfort Studies – Test set‐up 
Hawaii Natural Energy Institute                                                                                        Environmental Research and Design Laboratory    

School of Architecture, University of Hawaii
August 12, 2015                                                                                                                                                                                        Page  57

 
 

 

Figure 5.5: 
Table of instrumentation 
referenced in the P&I D (sheets 
1 through 5) 
(the full size figure is presented 
in Appendix D) 
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SECTION 6 –  TYPES OF EXPERIMENTAL INVESTIGATIONS PLANNED FOR THE 

COMFORT TEST PROGRAM 

The following type of experimental investigations will be performed: 

1. Comfort surveys:  Comfort surveys will be performed with a group of occupants under varying 

air temperature, humidity and air speed conditions. 

2. CFD validation tests: Measurements of a range of thermal and air flow conditions will be 

performed at the test set‐up. Selected data will be used for validation of the CFD results.  

Measurements will be conducted for environmental conditions that are established in the CFD 

investigations.  
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SECTION 7 – PRELIMINARY HUMAN COMFORT TEST PLANS 

This section presents the preliminary scope of the human comfort tests. The final test plan will 

implemented at the start of the actual comfort tests.  

Comfort Surveys will be conducted with a group of approximately 20 to 30 people. It is planned to 

enroll UHM students as volunteers to report on their comfort experience under various thermal 

conditions established in room HIG 204.  

The specifics of the comfort tests will be finalized. At this point the following survey guidelines are 

planned: 

o Assemble a group of people that represents a good mix of gender and age. Add other qualifiers, if 

deemed necessary.  

o Ask the test people to participate for two sittings, with online surveys and/or hand out written 

survey forms. 

o One “sitting” period for one person will typically consist of seven consecutive sequence: 
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The following are the preliminary test parameters: 

 One (1) scenario of the radiant panel configuration. 

 Use two (1) temperatures and humidity settings 

 Use two (2) fan speeds; low and medium 

 

Preliminary “Test conditions” during the planned two sittings: 

Sitting 1:   High temperature and humidity setting (TBD) 

Test Condition A:  Radiant panels are NOT actively cooled 

Ceiling fan speed “LOW” 

Test Condition B:  Radiant panels are NOT actively cooled 

Ceiling fan speed “MEDIUM” 

Sitting 2:   High temperature and humidity setting (TBD) 

Test Condition A:  Radiant panels are actively cooled 

Ceiling fan OFF 

Test Condition B:  Radiant panels are actively cooled 

Ceiling fan speed “LOW” 

 

 

This preliminary test plan remains subject to change. The sequence and the detailed format of comfort 

tests will be decided shortly before the test runs.  The preliminary comfort survey is presented in 

Appendix F.  
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Tests of physical parameters: 

Thermal and air flow experiments will be conducted to allow for selective validation of convective 

and/or radiative heat transfer performance on the test set‐up. Fort these experiments NO human test 

person will be on the test space.   

The test plan will be presented in Project Deliverable 14 of this research program.  
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APPENDICES  

There are the following appendices attached to this FINAL report: 

 

APPENDIX A:     TEST SET‐UP IN HIG 204  

APPENDIX B:   INFORMATION ABOUT THE PROTOTYPE COMFORT EQUIPMENT  

APPENDIX C:   SELECTED INFORMATION ABOUT THE SUPPORT EQUIPMENT  

APPENDIX D:    P&I D DIAGRAM AND INSTRUMENTATION LIST  

APPENDIX E:    PHOTO DOCUMENTATION OF THE TEST SET‐UP 

APPENDIX F:    OCCUPANT COMFORT SURVEY FORM  
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APPENDIX A: 

TEST SET‐UP IN HIG 204 

 

Note: There have been several modifications made from the initial test set‐up design. For the sake of 

clarity and brevity, the changes are listed on the applicable pages of Appendix A. 
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Product information about the Barcol radiant panels:  

The product information is presented in the Barcol brochure which is shown on 

the following pages.  
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Air to water heat exchanger 

 

Brent Industries LLC, part# HWC‐20X20 
 
 
 
 
 
 
 
 
 
 
Product Description 

This unit is Water to Air Heat Exchanger for use in your hot air plenum of your existing 
forced air furnace. This unit is most commonly used in conjunction with an outside wood 
furnace to transfer heat into your existing forced air system. It can also be used with any 
other source of hot water such as a boiler to create hot air. This exchanger is for use with 
ANY outdoor wood stove. And also features quality aluminum fins with seamless copper 
tubes. Our coils are packaged the best possible way to minimize shipping damage. The coils 
fit snuggly in the boxes to minimize movement within the box. There are strips of 
Styrofoam all the way around the manifold to prevent damage if dropped. The entire coil is 
packaged in a double wall, cardboard box. These are also packaged with metal port 
protectors over the inlet/outlet ports to protect them from shipping damage.  

Product Data: 
Finned Area: 20" x 20" 
Overall Dimensions: 20-1/4" x 22" x 3-1/2" THICK 
Overall Dimensions (including Copper Manifold): 20-1/4" x 25-1/2" x 3-1/2" THICK 
Rows of Tubes: 3 (3/8" Seamless Copper) 
Inlet/Outlet: 1" Copper Sweat 
Rating: 175 psig/350°F 
Fin Spacing: 12/inch 
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Product Performance: 
145,172 BTU with 180°F Entering Water Temp., 15 GPM and 2200 CFM (air flow) 

We do our best to offer a high quality product that will not be damaged during shipping and 
you will not have to return due to manufacturers defects such as leaking. We stand behind 
the exchangers with a LIMITED LIFETIME WARRANTY AGAINST MANUFACTURERS DEFECTS. 
A free copy of the written warranty is available upon request to our email address. 
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Chilled water pumps: 
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APPENDIX D: 

INSTRUMENTATION 

 

Appendix D presents process and instrumentation information, including Process & Instrumentation 

Diagrams (P&I D) as well as product sheets of selected instrumentation. The following information is 

presented hereafter: 

A. Process and Instrumentation Diagrams (P&I D) and supporting identification of for all 

instrumentation and measurement points.  

B. Definition of the IR temperature measurement points on the walls and floors of the test and 

control station.  

C. Data sheets for selected instruments and measurement procedures: 

C. 1. National Instruments NI X Series Multifunction Data Acquisition (only cover sheet 

included) 

C. 2. FLIR B50 Thermal Imaging Camera 

C. 3. Degree Controls, F900 Series Air Velocity and Air Temperature Sensors 

C. 4. VFS 1‐20 Vortex Flowsensor standard, 1‐20 l/min 

C. 5. ONSET HOBO® UX100 Loggers 

C. 6. ONSET HOBO UX120 4‐Channel Analog Logger 

C. 7. Graywolf Hand held Anemometer AS‐201, Graywolf Sensing Solutions 

D. D.  Python Scripts for Data Processing 
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A. Process and Instrumentation Diagrams(P&I D) and supporting identification of for all 

instrumentation and measurement points.  
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Piping and Instrumentation Diagrams (P&I D) of the Test Set‐up



TEST SET‐UP & PROTOTYPING OF NATURAL 
VENTIALTION ENHANCEMENT TECHNOLOGIES

Appendix D:  Piping and 
Instrumentation diagrams

Figure A‐1:  Overview of the 
process diagrams of the test set‐
up
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Appendix D:  Piping and 
Instrumentation diagrams

Figure A‐2:  Overview of the 
process diagrams of the test set‐
up

Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 1
Radiant panels in the test station with Chilled Water system 
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Figure A‐3:  Chilled Water (CW) 
generation plant 

Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 2
Chilled Water (CW) generation plant 
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Figure A‐4:  IR measurement of  
radiant temperature on walls, 
ceiling and floor

Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 3
IR measurement of  radiant temperature on walls, ceiling and floor
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Figure A‐5:  Recorded temperature 
and humidity measurements in 
test and control stations 

Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 4
Recorded temperature and humidity measurements in test and control stations 
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Figure A‐6:  Anemometers used 
in validation tests in test station

Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 5
Anemometers used in validation tests in test station
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Figure A‐7:  List of sensors / data 
acquisition: Part 1 

Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 6
List of sensors / data acquisition: Part 1 
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Figure A‐8:  List of sensors / data 
acquisition: Part 2 

Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 7
List of sensors / data acquisition: Part 2 
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Figure A‐9:  List of sensors / data 
acquisition: Part 3 

Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 8
List of sensors / data acquisition: Part 3 

Note (*)

Definition of Instrumentation in P&I D

First letter:      Measured variable
F Flow
T Temperature
M Humidity

Second letter Passive Function
R Recording 
I Indicating 

Identifier in P&I D:

Example:
First letter : T = Temperature measured
Second letter: R = Recorded 
Identifier in P&I D:  Identifier for  Data Acquisition & processing 

TI
TP1
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Figure A‐9:  List of pipes 

Piping & Instrumentation Diagram (P&I D) for the Test Station – Sheet 9
List of pipes 
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B. Definition of the IR temperature measurement points on the walls and floors of the 

test and control station.  
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C. 1. National Instruments NI X Series Multifunction Data Acquisition (only cover sheet 

included) 
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C. 2. FLIR B50 Thermal Imaging Camera 
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C. 3. Degree Controls, F900 Series Air Velocity and Air Temperature Sensors 
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C. 4. VFS 1‐20 Vortex Flowsensor standard, 1‐20 l/min 
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C. 5. ONSET HOBO® UX100 Loggers 
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C.6.   ONSET HOBO UX120 4‐Channel Analog Logger 
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C.7  Graywolf Hand held Anemometer AS‐201, Graywolf Sensing Solutions 
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D. Python Scripts for Data Processing 

The “driver.py” script calls up the other two scripts. The “NISignalExpressUtility.py” script converts the 

proprietary TDMS file format to CSV format, calibration, and reshaping. The “GrundfosUtility.py” script 

converts the voltage signal to flowrate (l/min) and temperature (F). To process anemometer data, the 

final line in “driver.py” is disabled by putting a # at the front of it so it will not call up the 

“GrundfosUtility.py” script. 

“driver.py” 

import NISignalExpressUtility 
import os 
from GrundfosUtility import convert_output 
from DataFiles import __data__ 
from ConvertedCSVs import __converted__ 
from ReshapedCSVs import __reshaped__ 
from CalibratedCSVs import __calibrated__ 
from Output import __output__ 
 
data_location = os.path.dirname(os.path.abspath(__data__.__file__)) 
converted_location = os.path.dirname(os.path.abspath(__converted__.__file__)) 
reshaped_location = os.path.dirname(os.path.abspath(__reshaped__.__file__)) 
calibrated_location = 
os.path.dirname(os.path.abspath(__calibrated__.__file__)) 
output_location =os.path.dirname(os.path.abspath(__output__.__file__)) 
 
print "data: ", data_location 
print "converted: ", converted_location 
print "reshaped: ", reshaped_location 
print "calibrated: ", calibrated_location 
print "output: ", output_location 
 
data_folders_locations = [] 
for folder_name in os.listdir(data_location): 
    if ".py" not in folder_name: 
        data_folders_locations.append(os.path.join(data_location, 
folder_name)) 
#        print data_folders_locations 
 
for data_folders in data_folders_locations: 
    print data_folders 
    NIExtract = NISignalExpressUtility.NISignalExpressUtility(\ 
        data_folders, converted_location,\ 
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        reshaped_location, calibrated_location) 
    NIExtract.convert_to_csv() 
    NIExtract.reshape_csv() 
    NIExtract.calibrate_output() 
 
#Enable only if the the collected data is from Grundfos VFS 1-20 sensor 
convert_output(calibrated_location, output_location) 
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“NISignalExpressUtility.py” 
 
#------------------- 
# Author: Christian A. Damo 
# file name: NISignalExpressUtility.py 
# rev. by: Reed Shinsato 
# rev. date: 2014-07-11 
#------------------ 
# 
# Patch Notes: Cleaned up class 
# 
#------------------ 
""" 
    This script convertes .tdms files from NISignalExpress into .csv files. 
    Then, it pushes the .csv files to a server with a specified ip. 
""" 
 
# Import Libraries 
from nptdms import TdmsFile 
import os 
import datetime 
import csv  
 
#dictionary for tacking on a sensor name & location to a corresponding port 
notes = {'ai0':"Temperature_1", 
         'ai1':"Flow_1",} 
 
# Create Classes 
class GroupChannel: 
    """ 
        This class holds the group and channel names from a metafile. 
    """ 
    def __init__(self, meta_filename): 
        print  
        self._channel_type = "" 
        self._start_time = datetime.datetime.now() 
        self._meta_filename = meta_filename 
        self._group_name = "" 
        self._channel_names = [] 
        self.__get_group_name(self._meta_filename) 
        # self.__str__() 
         
    def __str__(self): 
        print "\nCalling GroupChannels __str__()" 
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        print "Type: ", self._channel_type 
        print "Start: ", self._start_time 
        print "Group Name: ", self._group_name 
        print "Channel Names: \n\n", self._channel_names 
  
    def __get_start_and_names(self, meta_filename, temp_names): 
        """ 
            This function stores the start time and channel names 
        """ 
        # Check the meta_file for " ", which is the line of the channel 
names. 
        # Check the meta_file for "Log start time", which holds the start 
time. 
        meta_file = open(meta_filename)         
        for line in meta_file: 
            if line[0] == " ": 
            temp_names.append(line) 
            if "Log start time" in line: 
           self._start_time = 
self.__start_convert_to_datetime_object(line) 
        meta_file.close() 
 
    def __start_convert_to_datetime_object(self, line): 
        """ 
            This function turns the given line into a datetime object. 
        """ 
        # Find each element of the given line 
        # Turn the elements into a datetime object 
        # Return the datetime object 
        line = line.split(" ") 
        date = line[3] 
        date = date.split("/") 
        year = int(date[2]) 
        day = int(date[1]) 
        month = int(date[0]) 
        time = line[4] 
        time = time[:-1] 
        time = time.split(":") 
        hour = int(time[0]) 
        minute = int(time[1]) 
        second = time[2].split(".") 
        second = int(second[0])  
        begin_time = datetime.datetime(year, month, day, hour, minute, 
second) 
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        return begin_time 
 
    def __get_group_name(self, meta_filename): 
        """ 
            This functions determines the group_name 
        """ 
        # Get the start time and channel names 
        # Determine the timestamp 
        # Store the channel names 
        # Determine the data type 
        # Create the group name 
        temp_names = [] 
        self.__get_start_and_names(meta_filename, temp_names) 
        for line in temp_names: 
            temp_line = line.split("-") 
            timestamp = temp_line[0] 
            timestamp = timestamp[5: -1] 
            channel_name = temp_line[-1] 
            channel_name = channel_name[1: -1] 
            self._channel_names.append(channel_name) 
            data_type = temp_line[1] 
            data_type = data_type[1: -1] 
            self._channel_type = data_type 
            self._group_name = (timestamp + " - " + data_type +  
                                " - " + "All Data") 
 
    def return_group_name(self): 
        """ 
            This function returns the group name. 
        """ 
        # Retunr group_name 
        return self._group_name 
 
    def return_channel_names(self): 
        """ 
            This function returns the channel names. 
        """ 
        # Return channel_names 
        return self._channel_names 
 
    def return_start_time(self): 
        """ 
            This function returns the start time. 
        """ 
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        # Return start_time 
        return self._start_time 
 
class NISignalExpressUtility: 
    def __init__(self, data_location = os.path.dirname(\ 
        os.path.abspath(__file__)), csv_location = os.path.dirname(\ 
        os.path.abspath(__file__)), reshaped_location = os.path.dirname(\ 
        os.path.abspath(__file__)), calibrated_location = os.path.dirname(\ 
        os.path.abspath(__file__))): 
        self._data_location = data_location         
        self._csv_location = csv_location 
        self._reshaped_location = reshaped_location 
        self._calibrated_location = calibrated_location 
        self._meta_voltage_filename = (os.path.join(self._data_location,\ 
            "Voltage_meta.txt")) 
        self._meta_current_filename = (os.path.join(self._data_location,\ 
            "Current_meta.txt")) 
        self._tdms_voltage_filename = (os.path.join(self._data_location,\ 
            "Voltage.tdms")) 
        self._tdms_current_filename = (os.path.join(self._data_location,\ 
            "Current.tdms")) 
        self._channel_names = [] 
        self._tdms_filenames = [] 
        self._GroupChannels = [] 
        self._tdms_to_csv_filename = str(os.path.split(data_location)[-1]) +\ 
            "_converted.csv" 
        self._reshaped_filename = str(os.path.split(data_location)[-1]) +\ 
            "_reshaped.csv" 
        self._converted_to_csv = False 
     
    def __check_for_group_channels(self, tdms_filename, tdms_filenames,\ 
            meta_filename, channel_names, GroupChannels): 
        """ 
            This function creates the GroupChannels. 
        """ 
        # Create a tdms object 
        # Create a GroupChannel object 
        # Add to the list of channel_names 
        # Add to the list of tdms_filenames 
        # Add to the list of GroupChannels 
        tdms_file = TdmsFile(tdms_filename) 
        TypeGroupChannel = GroupChannel(meta_filename) 
        type_channel_names = TypeGroupChannel.return_channel_names() 
        channel_names.append(type_channel_names) 
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        tdms_filenames.append(tdms_file) 
        GroupChannels.append(TypeGroupChannel) 
         
    def __tdms_to_csv_file(self, channel_names, tdms_filenames,  
                           GroupChannels): 
        """ 
            This function will convert .tdms files into .csv files 
        """ 
        # Get the data from the .tdms file 
        #    Create a channel object from a tdms object 
        #    Get the data from the channel 
        #    Get the time from the channel 
        # Clean up the channel_names to be a single array  
        # Save the data into the output file 
        #    Save the timestamp using delta from the start_time 
        #    Save the data in a row relative to the channel_id column  
         
        datas = [] 
        times = [] 
        for channel_names_index in range(0, len(channel_names)): 
            for channel_name in channel_names[channel_names_index]: 
                channel = (tdms_filenames[channel_names_index]. 
        object(GroupChannels[channel_names_index]. 
        return_group_name(), channel_name)) 
                data = channel.data 
                datas.append(data) 
                times = channel.time_track() 
         
        temp_channel_names = [] 
        for channel_names_index in range(len(channel_names)): 
            for name in channel_names[channel_names_index]: 
                temp_channel_names.append(name) 
         
        channel_names = [] 
        channel_names = temp_channel_names 
       
         
        converted_file = open(os.path.join(self._csv_location,\ 
            self._tdms_to_csv_filename),"wb") 
        writer = csv.writer(converted_file) 
         
        new_row = list(channel_names) 
        new_row.insert(0, "timestamp") 
        writer.writerow(new_row) 
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        #iterates through each time element 
        for times_index in range(len(times)): 
            #created delta object 
            delta = datetime.timedelta(seconds = times[times_index] + 1) 
            #creates the actual printed time 
            current_time = GroupChannels[0].return_start_time() + delta 
            #creates new line with time as element 0 
            new_row = [current_time] 
            #iterating through the datas list           
            for datas_index in range(len(datas)): 
                data = datas[datas_index][times_index] 
                new_row.append(data) 
            writer.writerow(new_row)  
            #print new_row 
            #print len(new_row) 
            #raw_input("Press Enter to continue...")    
        converted_file.close() 
    
     
    def reshape_csv(self): 
        """ 
            This function reshapes the data to a specific table format. 
        """ 
        # Find the correct input file 
        # Create an output file 
        # Write the header 
        # Clean up the channel_names 
        # Write the output row with the correct format 
        #    Add time to the output row 
        #        Add the channel_names to the row 
        #        Add the data to the row 
        #        Write the row with [time, channel_names, data] 
        if self._converted_to_csv == True: 
            channel_names = list(self._channel_names) 
            input_file = (open(os.path.join(self._csv_location,\ 
                self._tdms_to_csv_filename), "r")) 
            reader = csv.reader(input_file) 
     
            reshaped_file = (open(os.path.join(self._reshaped_location,\ 
                self._reshaped_filename), "wb")) 
            writer = csv.writer(reshaped_file) 
             
            reader.next() 
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            new_row = ["datetime", "position", "value"] 
            writer.writerow(new_row) 
             
            temp_channel_names = []  
            for channel_names_index in range(len(channel_names)): 
                for names in channel_names[channel_names_index]: 
                    temp_channel_names.append(names) 
            channel_names = [] 
            channel_names = temp_channel_names 
            new_channel_names = []         
            for name in channel_names: 
                name = name.split("_") 
                name = name[1] 
                new_channel_names.append(name) 
                 
            for row in reader: 
                current_time = row[0] 
                row = row[1:] 
                for new_channel_names_index in range(len(new_channel_names)):             
                    new_row = [] 
                    new_row.append(current_time) 
                    
new_row.append(new_channel_names[new_channel_names_index]) 
                    new_row.append(float(row[new_channel_names_index])) 
                    writer.writerow(new_row) 
     
            input_file.close() 
            reshaped_file.close() 
     
    def convert_to_csv(self): 
        """ 
            This function extracts the tdms data to the correct format. 
        """ 
        # Check for voltage and current group channels 
        # Convert the tdms files to csv 
        # Reshape the csv files to the correct format 
        files_found_voltage = True 
        files_found_current = True 
        try: 
            self.__check_for_group_channels(self._tdms_voltage_filename,\ 
                self._tdms_filenames, self._meta_voltage_filename,\ 
                self._channel_names, self._GroupChannels) 
        except: 
            print "Note: No Voltage Files" 
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            files_found_voltage = False 
        try: 
            self.__check_for_group_channels(self._tdms_current_filename,\ 
                self._tdms_filenames, self._meta_current_filename,\ 
                self._channel_names, self._GroupChannels) 
        except: 
            print "Note: No Current Files" 
            files_found_current = False 
         
        if files_found_current == True or files_found_voltage == True: 
            self.__tdms_to_csv_file(self._channel_names, 
self._tdms_filenames,\ 
                self._GroupChannels)  
            self._converted_to_csv =  True 
     
    def add_calibration(self, sensor_id, premultiplier,  
                        preoffset, multiplier, offset): 
        """ 
            This function adds a calibration to NICalibrate.csv. 
        """ 
        # Open the calibration file 
        # Check if the sensor_id is in the calibration file 
        # Delete the calibration for the sensor_id 
        # if it is in the calibration file 
        # Append the new calibration to the calibration file 
        calibration_filename = "NICalibrate.csv" 
        delete_id = False     
        sensor = str(sensor_id) 
        with open(calibration_filename, "r") as calibration_file: 
            for row in csv.reader(calibration_file): 
                if sensor in row: 
                    delete_id = True 
         
        if delete_id == True: 
            self.delete_calibration(sensor_id) 
         
        with open(calibration_filename, "a") as calibration_file: 
            row = (str(sensor_id) + "," +\ 
                   str(premultiplier) + "," +\ 
                   str(preoffset) + "," +\ 
                   str(multiplier) + "," +\ 
                   str(offset) + "\n") 
            calibration_file.write(row) 
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    def delete_calibration(self, sensor_id): 
        """ 
            This function deletes a calibration from NICalibrate.csv. 
        """ 
        # Copy NICalibrate.csv into a temp.csv 
        # skipping the sensor_id to be deleted 
        # Delete the old calibration file NICalibrate.csv 
        # Rename temp.csv into the new calibration file NICalibrate.csv 
        calibration_filename = "NISignalExpressCalibrate.csv" 
        temp_filename = "temp.csv" 
        sensor = str(sensor_id) 
        with open(temp_filename, "wb") as temp_file:    
            with open(calibration_filename, "r") as calibration_file: 
                for row in csv.reader(calibration_file): 
                    if sensor not in row: 
                        csv.writer(temp_file).writerow(row) 
                         
        os.remove(calibration_filename) 
        os.rename(temp_filename, calibration_filename)  
     
     
    def __calibrate_value(self, sensor_id, value): 
        """ 
            This function calibrates the value of the senor_id. 
        """ 
        # Open the calibration file 
        # Check if the sensor_id of the calibration file 
        # to determine the multipliers and offsets  
        # Return the value with calibration 
        calibration_filename = "NISignalExpressCalibrate.csv" 
        calibration_file = open(calibration_filename, "r") 
        reader = csv.reader(calibration_file) 
         
        value = float(value) 
         
        premultiplier = 1.0 
        preoffset = 0.0 
        multiplier = 1.0 
        offset = 0.0     
         
        row = reader.next() 
        for row in reader: 
            if row[0] == str(sensor_id): 
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                premultiplier = float(row[1]) 
                preoffset = float(row[2]) 
                multiplier = float(row[3]) 
                offset = float(row[4]) 
         
        value = multiplier * ((premultiplier * value) + preoffset) + offset 
         
        calibration_file.close() 
        return value 
 
    def clean_folder(self, folder_location): 
        """ 
            This function deletes all the output files created. 
        """ 
        folder_files_list = os.listdir(folder_location) 
         
        for folder_files in folder_files_list: 
            if ".py" not in folder_files: 
                try: 
                    os.remove(os.path.join(folder_location, folder_files)) 
                except: 
                    pass 
                 
    def calibrate_output(self): 
        """ 
            This function calibrates the output for given callibrations. 
        """ 
        # Find the correct input file 
        # Create a output file for the calibrated values 
        # Write the header row 
        # Go through each input row and callibrate the value of the row 
        # Write the callibrated row to the output file 
 
        input_file = (open(os.path.join(self._reshaped_location,\ 
            self._reshaped_filename), "r")) 
        reader = csv.reader(input_file) 
                       
        output_filename = str(self._reshaped_filename).replace(".csv",\ 
            "_calibrated.csv")       
        output_file = (open(os.path.join(self._calibrated_location,\ 
            output_filename), "wb")) 
        writer = csv.writer(output_file) 
         
        new_row = reader.next() 
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        writer.writerow(new_row) 
         
        for row in reader: 
         value = self.__calibrate_value(row[1], row[2]) 
         new_row = [row[0], row[1], round(value,5), notes[row[1]]] 
         writer.writerow(new_row) 
          
        input_file.close() 
        output_file.close() 
 
 

“GrundfosUtility.py” 
 
import copy 
import csv 
import os 
 
""" 
Engineering Notes: 
 
[#1] VFS 1-20 @port_assignments 
=============================================================================
=== 
ai0 : temperature sensor 
ai1 : flow sensor 
 
Input File 
=============================================================================
=== 
Datetime Stamp, Sensor ID, Value, Comments 
 
Output File 
=============================================================================
=== 
Datetime Stamp, Sensor ID, Value, Comments, Converted Value 
""" 
 
def convert_flow(voltage): 
    """ 
    Input(s): 
    @voltage: (int/float) The output voltage from the Grundfos sensor 
 
    Returns: (float) The flow rate in l/min 
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    Notes: 
    Computes the l/min: 
        flow_rate = 6.6522 x output_voltage - 2.5396 
 
    This equation was derived from experiments to measure the accuracy of the 
    sensor, which can be located as an Excel spreadsheet in the data sheet 
    folder 
 
    The ideal equation provided by the company is: 
        flow_rate = (187/30) x voltage - (109/60) 
    """ 
    return 6.6522*float(voltage)-2.5396 
 
def convert_temperature(voltage): 
    """ 
    Input(s): 
    @voltage: (int/float) The output voltage from the Grundfos sensor 
 
    Returns: (float) The temperature in Fahrenheit 
 
    Notes: 
    Computes the ideal temperature: 
        temperature = (100/3) x output_voltage - (100/6) 
    """ 
    return celsius_fahrenheit((100.0/3.0)*float(voltage)-(100.0/6.0)) 
 
def celsius_fahrenheit(temperature): 
    """ 
    Input(s): 
    @temperature: (int/float) Temperature in Celsius 
 
    Returns: (float) The temperature in Fahrenheit 
 
    Notes: 
    Converts from Celsius to Fahrenheit 
        F = (9/5) x C + 32 
    """ 
    return (9.0/5.0)*temperature+32.0 
 
def convert_output(input_location, output_location): 
    """ 
    Input(s): 
    @input_location: (string) input direction path 
    @output_location: (string) output direction path 
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    Returns: Nothing, however it will generate a CSV with the tag '_output' 
 
    Notes: 
    Takes a CSV with data collected from a Grundfos VFS sensor and converts 
the 
    voltage data to something that is usable for research 
    """ 
    print "Input:\t", input_location 
    print "Output:\t", output_location 
    print "\nStarting conversion...\n" 
    error_count = 0 
    data_count = 0 
    for item in os.listdir(input_location): 
        item_target = item.split(".") 
        #Target the extension of the file name 
        extension_target = item_target[len(item_target)-1] 
        if extension_target == "CSV" or extension_target == "csv": 
            print "Input File:\t", item 
            output = "" 
            #Create output file name 
            for part in item_target: 
                #Reconstruct the file name 
                if part != extension_target: 
                    output = output + part 
                #Insert the output tag and finalize the file name 
                else: 
                    output = output + "_output." + extension_target 
            print "Output File:\t", output 
            #Generate a path to the output file 
            output_path = os.path.join(output_location, output) 
            with open(output_path, "wb") as output_file: 
                output_writer = csv.writer(output_file) 
                #Generate a path to the input file 
                item_path = os.path.join(input_location, item) 
                with open(item_path, "r") as item_file: 
                    item_reader = csv.reader(item_file) 
                    #Skip the header 
                    item_reader.next() 
                    for row in item_reader: 
                        output_buffer = [] 
                        output_buffer = copy.deepcopy(row) 
 
                        #Edit following list when adding more sensors 
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#======================================================= 
                        #[#1] VFS 1-20 temperature sensor 
                        if row[1] == "ai0": 
                            output_buffer.append(convert_temperature(row[2])) 
                        #[#1] VFS 1-20 Flow sensor 
                        elif row[1] == "ai1": 
                            output_buffer.append(convert_flow(row[2])) 
                        else: 
                            #Increment error count 
                            error_count = error_count + 1 
                            continue 
                        
#======================================@port_assignments 
 
                        data_count = data_count + 1 
                        output_writer.writerow(output_buffer) 
    print "\nConversion completed...\n" 
    print "Number of data points: ", data_count 
    print "Number of errors: ", error_count 
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Figure E‐2:  Chilled water (CW) 
generation plant, location in 
exterior corridor 

Photos A and B show the chilled water generation plant 
which is positioned on the exterior corridor during 
operating. When not operating the chilled water plant is 
stored inside the test station. 
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Figure E‐3:  Chilled water (CW) 
generation plant, details 
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Figure E‐4:  Chilled water (CW) 
generation plant, details 
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Figure E‐5:  Chilled water (CW) 
generation plant, piping of 
primary CW loop 
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Piping of the CW plant ‐ Primary CW loop 
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Figure E‐5:  Chilled water (CW) 
generation plant, piping of 
primary CW loop 
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Piping of the CW plant – Secondary CW loop 
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Figure E‐6:  Chilled water (CW) 
generation plant, Chilled air 
handling 
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Figure E‐8:  Chilled water (CW) 
generation plant, Chilled air 
handling 
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Figure E‐9:  Experimental set‐up 
at the test station (indoor)
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Figure E‐10:  Experimental set‐up 
at the test station (indoor)
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Figure E‐10:  Experimental set‐up 
at the test station (indoor)
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Figure E‐11:  Chilled water (CW) 
generation plant, experimental 
set‐up at the test station (indoor)
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Figure E‐12:  Experimental set‐up 
at the test station (indoor)

Appendix E:  Photo 
documentation of the Test Set‐up

The team who built the test set‐up  (from left: Eileen Peppard, Team leader; Allie Kim, EE student; Aarthi
Padmanabhan, Post‐Doc; Ethan Vo, Research intern; Tuan Tran, Post‐Doc   (other team members are not shown) 
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COMFORT SURVEY FORM (Preliminary) 

 



APPENDIX: HIG 204 Survey 

1. Please provide your study ID number.                            

  

2. What is the time right now?                                              

3. What is your age? 

21 or under 

22-29 

30 or under 

31-50 

Over 50 

4. What is your gender? 

Female 

Male 

 
 

5. Do you practice recycling and energy efficient practices in your personal and work life? 

Yes 

No 

         Comments:  

6. What is the maximum length of time you have resided in a warm/humid region? 

1 month or less 

2-6 months 

<1 year 

1-5 years 

Over 5 years 

 

 

 

 

 



7. Please list all activities you performed or carried out within the past hour: 
 

Walking 

Running/biking/jogging/dancing 

Other physical exercise (gym workout, play basketball/football/tennis/swimming, etc.) 

Exposure to outside elements (too hot and sunny) 

Exposure to outside elements (too cold or windy/rainy) 

None of the above 

Other:  

 
 

8.   How often do you use the air conditioner in your home or vehicle? 

 Frequently (More than a few hours total per day) 

Occasionally (Less than 15-30 minutes total per day) 

  Rarely (1-2 times per week) 

  Never  

        Comments:    

 

9.   How often do you use a ceiling fan or personal fan in your home or vehicle? 

 Frequently (More than a few hours total per day) 

Occasionally (Less than 15-30 minutes total per day) 

  Rarely (1-2 times per week) 

  Never  

        Comments:    

 

 

 

 

 

 



TEMPERATURE 

10. Right now, how acceptable is the temperature at this workstation? 
                VERY ACCEPTABLE                                                                 NOT AT ALL ACCEPTABLE    

 

11. Right now, you feel.....? 
                                                                                  

Hot Warm Slightly Warm Neutral Slightly Cool Cool Cold  

 

12. You would prefer to be.....? 
   
Cooler  No Change Warmer 

 

AIR MOVEMENT 

13. Please choose the speed at which the ceiling fan is running at the moment: 
                                                                          

OFF  Low  Medium  High 

 

14. Right now, how acceptable is the air movement at this workstation? 
                       

                VERY ACCEPTABLE                                                                 NOT AT ALL ACCEPTABLE    

 

15. Right now, you feel that it is.....? 
                                                                                  

Too still    Moderately Still        Slightly Still       Comfortable       Slightly Breezy         Moderately Breezy      Too Breezy 

 

16. You would prefer to have.....? 
   
More Air Movement  No Change Less Air Movement 

 

HUMIDITY 

17. Right now, how acceptable is the humidity level at this workstation? 
                VERY ACCEPTABLE                                                                 NOT AT ALL ACCEPTABLE    

 

18. Right now, you feel that it is.....? 
                                                                                  

Too Dry    Moderately Dry        Slightly Dry      Comfortable       Slightly Humid        Moderately Humid      Too Humid
  



LOCAL THERMAL DISCOMFORT 

19. Please mark, in the list below, all the points or zones near your skin where you experience thermal discomfort 
(feels too uncomfortable because of the surrounding air temperature being WARM/HOT): 

Head  

Face 

Breathing zone 

Chest 

Back 

Pelvis 

Arm 

Hand 

Leg 

Foot 

None of the above 

Other:  
 

 
20. Please mark, in the list below, all the points or zones near your skin where you experience thermal discomfort 

(feels too uncomfortable because of the surrounding air temperature being COOL/COLD): 

Head  

Face 

Breathing zone 

Chest 

Back 

Pelvis 

Arm 

Hand 

Leg 

Foot 

None of the above 

Other:  

 

 

 

 

 

 
 

 



CLOTHING 

21. Please mark, in the list below, all the garments you are wearing now. 
 

 

 

 

22. Did you change the fan speeds during your time spent at this workstation? If yes, please choose the speed at 
which you are comfortable with the temperature around your skin: 

                                                                          

OFF  Low  Medium  High 

 

 

THANK YOU for participating in this survey!  



IV. Description of Project   
 
1. Briefly describe the purpose and objectives of your research in non‐technical language. 
This project is intended to investigate some possible methods to improve thermal comfort 
among office occupants using airflow cooling and radiant cooling  design techniques, on the UH 
Manoa campus.  An office cubicle or a designated workstation at a convenient and approved 
location will serve as the test site for conducting these surveys. 
 
Comfort is a subjective experience of the occupants. Therefore, in order to determine baseline 
and enhanced levels of individual comfort, occupants will be surveyed using a short online 
questionnaire, completed one or two times per day, to evaluate their responses to comfort 
enhancing measures implemented within the office space or designated workstation.  
 
2. Briefly describe your research design and methods. 
The survey is composed of several questions that will be distributed among the occupants, to 
create a baseline of initial thermal comfort/discomfort parameters within the office space. 
Respondents (random sample of undergraduate and graduate students from UH Manoa 
campus) will be briefed about the overall purpose of the study, and then asked to get 
comfortably seated within the office cubicle or designated workstation, which will be pre‐
chosen for the purpose of this study.  
Questions will involve occupant responses regarding temperature, humidity, airflow conditions, 
and activities such as exercise, and clothing worn at the time within the office space.  Similar 
post‐implementation surveys will be taken at the end of the test period. Evaluation of spatial 
conditions will involve temperature, humidity, and airflow speed measurements.  Occupant 
surveys will involve satisfaction level determinants and preferred thermal states for various 
spatial conditions (layout, workstation, thermal comfort, air quality, noise levels, etc.).   
The entire study for which the respondent will be present for the data collection (through 
surveys) will last 45 minutes to one hour, approximately. 
 
3. For research being conducted as “educational curriculum”, describe how the activity being 
studied is part of “normal” educational practice. 
This survey methodology is a key aspect of determining occupant satisfaction and thermal 
comfort within the designated workstation or study space. The project will serve the educational 
and research training needs of the students and postdoctoral fellows that are participating on 
the research team. The results will also serve to educate and inform the larger design 
community with empirical, research‐based findings in the application of comfort standards in a 
workspace or study area setting, for a campus such as in a tropical setting like UH Manoa. 
 
4. If you are using existing data, describe the source(s), the extent to which individuals are 
identified, and how you have access to the data. 
There is no existing data that has been collected on the human subjects, and no identifiable or 
personal information will be collected. The study will have workstation identifiers assigned to 
each respondent, and survey results will be coded and anonymous to protect the privacy and 
identity of the individuals.   
 
5. If your research will be observational, describe how the observations will be recorded (e.g., 
audio, video, field notes). If you are planning to audio the participants, please see Section V. 



Data collected will be recorded using online questionnaire/survey forms, and supplemented 
with field notes and observational analysis of the spatial conditions. Short questionnaires will be 
completed two/three times during the day, to obtain occupant responses at different times over 
a typical day.  Data from surveys collected will then be assimilated and analyzed, and compared 
against field notes of spatial conditions (temperature, humidity, and airflow measurements), to 
determine best practices and strategies for implementation and improvement of thermal 
comfort. 
No audio/video of the respondents will be part of the documentation. 
 
 
6. Describe your participant population (e.g., age, as special needs, etc…) How will you 
identify, contact, and recruit participants? How many participants do you intend to involve in 
your research? How will you explain your research to participants? 
The study subjects or respondents will be randomly sampled from the set of undergraduate and 
graduate students, within the University of Hawaii at Manoa, who are 18 years of age or older. 
Survey respondents will be made familiar with the project and with some members of the 
research team, until they are aware of the scope of the project.  
There will be a maximum of 100 participants, who will experience the pre‐comfort as well as the 
post‐comfort conditions within the designated workstation or study space selected. 
 
Each of the respondents will be informed that the study is voluntary, asked to sign the consent 
form. One or more of the researchers conducting the study will be present during the entire 
duration of administering the questionnaire, and the respondents will be made well aware that 
that they can ask to stop at any time, should they change their mind about participation or if 
feeling any discomfort. Students will be solicited or recruited for this study, by first contacting 
department or unit heads, who will recommend the best ways of communication with potential 
subjects (students from their classes who would be interested in participating in the study). 
 



IRB application protocol  

(Testing experiments involving human respondents/subjects) 

 

Step ONE:  Determine whether or not the Project is "Not Human Subjects Research." 

To help you determine whether your project is considered "human subjects research," you 

may use the guidance at the following link: 

https://manoa.hawaii.edu/researchcompliance/sites/manoa.hawaii.edu.researchcompliance/fil

es/resource/WKSH%20301_Is%20my%20project%20human%20subjects%20research_01.07

.15_0.pdf.   

This guidance page also located under the “Policies & Guidance” Quicklink page under the 

subheading “Reviewer Worksheets”. 

 

Step TWO:  Choose the type of Application Form. 

To help determine whether the research qualifies for EXEMPT, EXPEDITED, or FULL-

BOARD review, a decision tree is included within the “Review Category Flowchart” image 

included below (also located under “Policies & Guidance” on the UH IRB website). 

 



Links to Application forms: 

1) Application for Exempt Status (Word document; rev. 04/08/15) at link: (completed 

application included in the following pages within this appendix). 

https://manoa.hawaii.edu/researchcompliance/forms/exempt-application-04-08-15 

 

1) Application for New Approval (Word document; rev. 06/30/15) - this form should be used for 

research that may qualify for either EXPEDITED or FULL-BOARD at link: 

https://manoa.hawaii.edu/researchcompliance/forms/non-exempt-biomed-and-sbs-

application-06-30-15 

 

2) Application for New Approval -- Cooperative IRB (Word document, rev. 10/29/14) at link:  

https://manoa.hawaii.edu/researchcompliance/forms/cooperative-irb-application-10-29-14 

 

 

Step THREE: Application Form to be completed according to the instructions provided within 

the form. 

Make sure to complete your required Human Subjects Research Training. Note: CITI training 

modules can be completed (applicant researcher and P.I., mandatory for the latter, must register) 

at the CITI training website: https://www.citiprogram.org/ 

Typically, for an Exempt application such as this one, the basic courses will be required to be 

completed and provided a curriculum completion report to the UH IRB: 

1) CITI HEALTH INFORMATION PRIVACY AND SECURITY (HIPS) 

2) STUDENTS CONDUCTING NO MORE THAN MINIMAL RISK RESEARCH 

 

All applicable study documents (i.e., consent form documentation, recruitment material, surveys 

and instruments, etc.) to be included with the application. 

 

 

Step FOUR: ATTACHMENTS TO BE SUBMITTED AS PART OF THE IRB APPLICATION: 

2) Copy of consent form to be given to research participants. Examples of consent forms are 

available on the Human Studies Program website at: 

https://manoa.hawaii.edu/researchcompliance/templates, under "Templates". 

a) If audio recordings will be used as a part of the research records, there must be a clear 

description in the consent form of: 



i) How the recordings will be used including any uses beyond this research project, 

ii) How the recordings will be stored, and, 

iii) What will be done with the recordings when the project is complete. A separate 

consent form, or yes/no checkbox on the main consent form must be provided so that 

participants can agree or refuse to be recorded. 

b) If applicable, consent form should include language that describes how the data or 

recordings are likely to be used for future research purposes. 

3) For research involving minors (ages 17 and younger), the following must be provided: 

a) A parent/guardian consent form for their child to participate in research that includes 

space for a signature and date. 

b) A way of obtaining assent or refusal to participate from the child(ren) that is 

understandable to them. If the participants are 5 to 11 years old, an oral assent script to be 

provided with an explanation of how to explain the project to them and obtain their assent 

or refusal to participate. If the participants are 12 to 17 years old, a written assent form to 

be provided that includes space for a signature and date. 

c) Examples of consent forms (adults and minors) can be located on the UH IRB website at: 

https://manoa.hawaii.edu/researchcompliance/templates, under "Model Informed 

Consents for Social & Behavioral Science Research" (included in the following pages 

within this appendix). 

4) If draft instruments (survey instruments and interview guides) are submitted, final drafts must 

be submitted for final Human Studies Program approval before use (included in the following 

pages within this appendix). 

5) If recruitment flyers or advertisements are used, copies of these to be provided as well. 

Examples of recruitment flyers can be found on the Human Studies Program website at: 

https://manoa.hawaii.edu/researchcompliance/templates under "Model Recruitment Flyer".  

6) Endorsement Letter: This is for studies that involve a certain department or institution, and 

can therefore help in strengthening the application if endorsed by the specific department (eg. 

Dean, Chair, Principal, etc.) Examples of endorsement letters can be found on the UH IRB 

website at: https://manoa.hawaii.edu/researchcompliance/templates under "Endorsement 

Letter Template". 

7) Researchers’ CITI (Collaborative Institutional Training Initiative) training completion report 

to be attached with the application. Instructions on how to complete the training can be 

located at the website under “Training”. The application will not be reviewed until training 

requirement has been met (included in the following pages within this appendix). 



Step FIVE:  Completed application to be submitted to the Human Studies Program according to 

the instructions shown below: 

 

Table: Quick reference on form and deadline per review category 

 

 

More links to the application forms, can be found at the links below: 

1) Biomedical IRB  

Clinical research protocols and related research projects, including clinical trials that evaluate 

investigational drugs and devices or medical procedures:  

https://uhirb.biomed.hawaii.edu/biomed/Account/Login.aspx?ReturnUrl=%2fbiomed%2f  

2) Social & Behavioral Sciences IRB 

Research protocols in the fields of psychological, education, sociology, etc. or that involve 

behavioral intervention: 

http://manoa.hawaii.edu/researchcompliance/institutional-review-board-irb-0 

3) Cooperative IRB 

  Federally-funded research that is performed by two or more members of a cooperative of 

local institutions: 

https://uhirb.biomed.hawaii.edu/socsci/Account/Login.aspx?ReturnUrl=%2fsocsci%2f 

4) Exempt Research 

https://manoa.hawaii.edu/researchcompliance/sites/manoa.hawaii.edu.researchcompliance/fil

es/resource/WKSH%20302_Requirements%20for%20Exempt%20Approval.pdf  

5) Further guidance on completing application forms:  

https://manoa.hawaii.edu/researchcompliance/policies-guidance 



University of Hawai’i 
 

Consent to Participate in Research 
 

Keller Hall SURVEYS: Thermal Comfort and Design Parameters 
 

Aloha, we are a research team from the Environmental Research and Design Laboratory 
at the School of Architecture, and led by Eileen Peppard, the Principal Investigator (P.I.). 
This research project is being conducted within the University of Hawai`i to analyze 
existing cooling strategies and to propose new ways to keep occupants on campus 
(students/staff/faculty) cooled when high temperatures are prevalent seasonally. The 
primary objective of this project is to assess how occupants seated within a 
cubicle/workstation or study space experience thermal comfort/discomfort, and to assess 
thermal comfort through implementation of cooling strategies within a location on the 
UH Manoa campus. I am asking you to participate in this project because you are at least 
18 years old and you are one of such users within the University campus. 
 
Project Description – Activities and Time Commitment: If you decide to take part in 
this project, you will be asked to fill out a survey. The survey questions are mainly 
multiple-choice. However, there will be a few questions where you may add an open-
ended response. The survey is accessed on a website to which I will provide you with a 
link. Completing the initial (one-time) survey will take approximately 10 minutes, and it 
will be sent to you twice/thrice per day. We expect that a total of 100 people will take part 
in this project. 
 
Benefits and Risks: The findings from this project may help create a better environment 
and overall increase in thermal comfort in your study or office space and at your personal 
workstation. There is little to no risk to you in participating in this project.  
 
Confidentiality and Privacy: I will not ask you for any personal information, such as 
your name or address. Please do not include any personal information in your survey 
responses.  
 
Voluntary Participation: You can freely choose to take part or to not take part in this 
survey. There will be no penalty or loss of benefits for either decision. If you do agree to 
participate, you can stop at any time.  
 
Questions: If you have any questions about this study, please call or email one of the 
researchers at (808) 956-2861 or Aarthi@hawaii.edu. You may also contact the Principal 
Investigator (P.I.) of the study, Eileen Peppard, at (808) 956-2861 or 
Peppard@hawaii.edu. If you have questions about your rights as a research participant, 
you may contact the UH Human Studies Program at (808) 956-5007 or 
uhirb@hawaii.edu.  
 



To Access the Survey: Please use the link provided to you. You should find a webpage to 
the survey and instructions for completing it. Completing the survey will be considered as 
your consent to participate in this study.  
 
Please print a copy of this page for your reference. Thank you for your cooperation! 





Training:   PI  Advisor, if applicable                                        Is this study involving?  DOH     DOE              
Reviewer comments / recommendations: 
 
 
 
 
 
 
 
Approved by: ______________________________________   Date: ______________________ 
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Application for Exempt Status for Human Subjects Research 

University of Hawaii -  Human Studies Program 
1960 East-West Road, Biomedical Building B-104, Honolulu, HI 96822, (808) 956-5007, uhirb@hawaii.edu 

 

Aloha! Most research involving human subjects at the University of Hawaii must be approved by the UH Human 
Studies Program. Some research may be exempt from certain Federal requirements. Please read and follow all 
instructions carefully when filling out this application. For more information, please go to the Human Studies 
Program website at www.hawaii.edu/irb or contact our office with any questions. Underlined words are defined 
in the Glossary on page 5. 
 

I. Is Your Project “Research”? 
To determine if your project qualifies as research, please answer the question below.  
 

If you answer “Yes” to the following question, your project meets the federal definition of research. 
Please answer Section II to determine of your project is human subjects research.  
If you answer “No”, your project does not meet the federal definition of research. No application is 
required.  

1. Is your project a systematic investigation, including research development, testing and 
evaluation, designed to develop or contribute to generalizable knowledge?  
(Underlined words are defined in the Glossary on page 5.) 

 Yes 
 No 

 

II. Is Your Project “Human Subjects” Research? 
To determine if your project qualifies as human subjects research, please answer the questions below.  
 

If you answer “Yes” to either of the following 2 questions, your project does not require Human Studies 
Program review and approval and you do not need to complete or submit this application.  

1. Does your project involve only the analysis of publicly available data? Examples include census 
data, large public survey data sets with no individual identifiers, and public information available 
on the internet. 

 Yes 
 No 

2. Is this a UH class project (whether individual or group) from which the data will only be submitted 
to your instructor for a class grade and will not be published, presented at an academic 
conference, given to an agency as a formal report, and will not be used in future research or to 
qualify for a graduate degree (e.g. Master’s or Doctoral dissertation)?  

 Yes 
 No 

If your answer to the following questions is “Yes” for both 1 and 2, or both 1 and 3, please complete 
Section III of this form. If you answer “No” for 1, 2, and 3 below, your project does not require Human 
Studies Program review and approval and you do not need to complete or submit this application.  

1. Does your research involve obtaining information about living individuals?  Yes 
 No 

2. Will the information be obtained through intervention or interaction with these individuals?  Yes 
 No 

3. Will your research involve access to private information from which individuals can be identified 
directly or indirectly through a link or code? This includes access to existing data that identifies 
individuals but these individuals will not be contacted in your research project. 

 Yes 
 No 

 

III. Categories of Exemption 
Complete all the categories below that apply to your research. If a category does not apply to your study, check 
“Not Applicable” (N/A). If your research does not meet the requirements for any of the six categories below, 
please complete and submit the standard Application for a New Study available on the Human Studies Program 
website at www.hawaii.edu/irb under “Forms”.  
 

Research on Educational Practices (Federal Category 1)  N/A 

Your research will take place in an established or commonly accepted K-12 educational setting, 
involving normal educational curriculum (appearing as normal classroom activities).   Yes 

If Yes, complete Section IV and Section V of this application. 

mailto:uhirb@hawaii.edu
http://www.hawaii.edu/irb
file:///C:/Users/Local%20Settings/Temporary%20Internet%20Files/My%20Documents/CHS%20Webpage/CHS%20Web%20site%20Glossary.htm
file:///C:/Users/lindesh/Local%20Settings/Temp/CHS%20Web%20site%20Glossary.htm
http://www.hawaii.edu/irb
CHS%20Web%20site%20Glossary.htm
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Research Involving Surveys or Interviews (Federal Category 2)  N/A 

1. Your research will involve the use of educational tests, surveys or interviews for participants 
ages 18 and older. (educational tests may include cognitive, diagnostic, aptitude, and 
achievement tests) 

 Yes 

2. Your survey/interview research will involve only adult participants (18 and older) who would not 
be considered part of a vulnerable population. (for definitions, see glossary on page 5)  Yes 

3. The research data that you collect (including field notes) will be recorded in such a manner that if 
participants can be identified, they would not be at risk of damage to their reputation, financial 
standing, employability, or criminal and civil liability or this data will be recorded anonymously 
(so that participants cannot be identified, either directly or through identifiers linked to them). 

 Yes 

If you answered “Yes” to 1, 2 and 3, complete Section IV and Section V of this application. 

 
Research Involving Public Observation (Federal Category 2)  N/A 
Your research will involve observation of human subjects in a public setting where there is no 
expectation of privacy. 

 Yes 

If Yes, complete Section IV of this application. 

 
Research Involving Public Officials (Federal Category 3)  N/A 
Your research will involve surveying or interviewing elected or appointed public officials (or 
candidates for public office).   

 Yes 

If Yes, complete Section IV and Section V of this application. 

 
Research Involving the Use of Existing Data (Federal Category 4)  N/A 

1. Your research will involve the study of existing data, documents, records, pathological 
specimens, or diagnostic specimens. 

 Yes 

2. You will record the information in such a manner that participants cannot be identified either 
directly or through identifiers linked to the participants, or the sources of these data are publicly 
available.    

 Yes 

If you answered Yes to 1 and 2, complete Section IV of this application. 

 
Research Involving Public Benefit or Service Program Evaluation (Federal Category 5)  N/A 

Your research will evaluate, study or otherwise examine a public benefit or service program at the 
request of a department or agency head. (IRB approval is required to perform research under this 
category.)  

 Yes 

If Yes, complete Section IV and Section V of this application. 

 
Research Involving Taste and Food Quality (Federal Category 6)  N/A 

Your research will involve an evaluation of taste and food quality, or a consumer acceptance 
assessment. 

 Yes 

If Yes, Complete Section IV and Section V of this application. 

 

IV. Description of Project 
Please attach 1-2 typed pages answering questions 1 through 6.  Provide your answers as separate 
responses to each question.  
(Do not attach a master’s proposal or contract/grant.) 
 

1. Briefly describe the purpose and objectives of your research in non-technical language.  
 
2. Briefly describe your research design and methods.  

 
3. For research being conducted as “educational curriculum,” describe how the activity being studied is 

part of “normal” educational practice.  
 

4. If you are using existing data, describe the source(s), the extent to which individuals are identified, 
and how you have access to the data.  

 

file:///C:/Users/Local%20Settings/Temporary%20Internet%20Files/My%20Documents/CHS%20Webpage/CHS%20Web%20site%20Glossary.htm
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5. If your research will be observational, describe how the observations will be recorded (e.g., audio, 
video, field notes). If you are planning to audio the participants, please see Section IV. 
 

a. If your project involves videotaping, please fill out an application for non-exempt review.         
 

6. Describe your participant population (e.g., age, as special needs, etc…). How will you identify, 
contact and recruit participants? How many participants do you intend to involve in your research? 
How will you explain your research to participants?  

 

V. Attachments 
 

1. Please provide a consent form to be given to research participants. Examples can be found on the 
Human Studies Program website under “Forms”. 

a. If audio recordings will be a part of the research records, there must be a clear description in 
the consent form of:  

i. how the recordings will be used including any uses beyond this research project,  
ii. how the recordings will be stored,  
iii. and what will be done with the recordings when the project is complete. A separate 

consent form, or yes/no checkbox on the main consent form must be provided so 
that participants can agree or refuse to be recorded. 

b. If applicable, include language in the consent form that describes how the data or recordings 
are likely to be used for future research purposes.  

 
2. For research involving minors (ages 17 and younger), you must provide the following: 

a. A parent/guardian consent form for their child to participate in research that includes space for a 
signature and date. 

b. A way of obtaining assent or refusal to participate from the child(ren) that is understandable to 
them. If the participants are 5 to 11 years old, please provide an oral assent script with an 
explanation of how you will explain the project to them and obtain their assent or refusal to 
participate. If the participants are 12 to 17 years old, please provide a written assent form that 
includes space for a signature and date.  

 
3. Attach a copy of all survey instruments and interview guides. If draft instruments are submitted, final 

drafts must be submitted for final Human Studies Program approval before use. 
 

4. If you are using recruitment flyers, or advertisements, please provide copies of these as well. 
Examples can be found on the Human Studies Program website. 
 

5. Attach a copy of your CITI training completion report.  See Human Studies Program website under 
“Training” for instructions on how to complete the training. Your application will not be reviewed until 
training requirement has been met. 

 
 

Approval of this Exempt Application is valid for the entire life of the research project and does not need to be 
renewed annually. However, any changes in the procedures or instruments must be prospectively approved by 
the Human Studies Program, a process which can occur via email to uhirb@hawaii.edu for Exempt projects. 
Once the study is complete, please notify the Human Studies Program also by email to uhirb@hawaii.edu. 
 

 
 
If you have questions, or you are unsure whether your research project is Exempt, please call the 
Human Studies Program office at (808) 956-5007, or send an inquiry by email to uhirb@hawaii.edu. 
 

VI. How to Submit Your Application:  
Please provide Human Studies Program with this application (typed and signed on page 1), a description of 
the project, and all relevant documents listed in Section V. 
 
 Email to: uhirb@hawaii.edu. Subject line: “Exempt Application”. A signed application is required. To 

convert your signed application to an e-file, please scan.  

file:///C:/Users/lindesh/Local%20Settings/Temp/Sample%20Consent%20form%20Webpage.htm
mailto:uhirb@hawaii.edu
mailto:uhirb@hawaii.edu
mailto:uhirb@hawaii.edu
mailto:uhirb@hawaii.edu
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VII. Glossary 
 

Assent A child’s affirmative agreement to participate in research. Mere failure to object should not, absent 
affirmative agreement, be construed as assent.  
 

Application Form (these forms are found on the Human Studies Program website under “Forms at 
www.hawaii.edu/irb). 
 Application for Exempt Status for Human Subjects Research Use this application to determine if 

and to apply for Human Studies Program approval as an exempt study.  
 

 Application for New Approval of a Study Involving Human Subjects Use this application for 
research that is not exempt.  

 

Consent Form A document which explains a research study (including a description of any procedures, the 
potential benefits and risks of participation, etc.) to potential research participants. Most consent forms 
require a signature and date of the participant. By signing the consent form, a participant asserts his or her 
voluntary agreement to participate in a study. Examples of consent forms are available on the Human 
Studies Program website at www.hawaii.edu/irb. 
 

Educational Curriculum Includes teaching, curriculum development and other activities consistent with the 
process of formal education.  To K-12 classroom participants, this research will look like normal classroom 
practice. 
 

Educational Setting A school, classroom, and other locations where formal education is typically 
conducted. 
 

Exempt Research Under federal regulations, specific categories of research can be designated as exempt 
from certain regulatory requirements as well as initial and continuing review by the IRB. Research at UH 
must be approved as exempt by the UH Human Studies Program. 
 

Existing Data Data that has been previously compiled for research or non-research purposes, such as 
school records or census information. Existing data may include data sets, interview notes or audio or video 
tapes.  (Note: to qualify for exempt status, the data must exist at the time of the application) 
 

Generalizable Knowledge When study results are intended to answer a research question, to draw 
conclusions about a specific premise (or hypothesis), or to apply study results beyond the specific focus of 
the research (the research data or study participants), they are considered to be generalizable. Study results 
that will be published (in a scholarly journal, book, or on-line), placed in a library (such as a masters or 
doctoral dissertation), or presented at an academic meeting are considered to be generalizable. 
 

Human Subject A human subject is a living individual about whom a researcher, whether professional or 
student, obtains data through intervention or interaction, or obtains identifiable private information about 
them. 
 

Informed Consent The process by which a person voluntarily agrees to participate in research based on 
adequate knowledge and understanding of the research project.  
 

Identifiable Data Data that can be used to identify individual research participants. Identifiers include but are 
not limited to names, addresses, phone numbers, social security numbers, geocodes, and images (but not 
voices). Identifiers may also include codes that can be used to link an individual’s identity with information 
about them. 
 

Private Information Information that an individual would reasonably expect to not be shared without the 
individual’s permission. Private information may also refer to observed behavior about a person in a setting 
in which the person would not expect to be observed for research purposes without permission.  
 

Public Benefit or Service Program A government agency or program established to provide services to 
eligible members of the public (e.g. WIC, Veterans Affairs, etc.) Research must be supervised by the agency 
in charge of the public benefit or service program. Please contact the Human Studies Program office if you 
believe your project may qualify under this category. 
 

Vulnerable populations Children, prisoners, pregnant women, physically or mentally disabled persons, or 
economically or educationally disadvantaged persons.  

http://www.hawaii.edu/irb
http://www.hawaii.edu/irb


COLLABORATIVE INSTITUTIONAL TRAINING INITIATIVE (CITI)
CITI HEALTH INFORMATION PRIVACY AND SECURITY (HIPS) CURRICULUM COMPLETION REPORT

Printed on 04/04/2014

LEARNER

Eileen Peppard (ID: 4101002) 
2525 Correa Road 
HIG 238 
Honolulu 
HI 96822 
United States 

DEPARTMENT Sea Grant
PHONE 8089562861
EMAIL epeppard@hawaii.edu
INSTITUTION University of Hawaii
EXPIRATION DATE

CITI HEALTH INFORMATION PRIVACY AND SECURITY (HIPS) FOR STUDENTS AND INSTRUCTORS : This course for Students and
Instructors  will satisfy the mandate for basic training in the HIPAA. In addition other modules on keeping your computers, passwords and electronic
media safe and secure are included. 

COURSE/STAGE: Basic Course/1
PASSED ON: 04/02/2014
REFERENCE ID: 12718544

REQUIRED MODULES DATE COMPLETED SCORE
About the Course 04/02/14 1/1 (100%) 
Basics of Health Privacy 04/02/14 12/16 (75%) 
Health Privacy Issues for Students and Instructors 04/02/14 4/4 (100%) 
Basics of Information Security, Part 1 04/02/14 No Quiz 
Basics of Information Security, Part 2 04/02/14 4/5 (80%) 
Security Rules: Introduction to Federal and State Requirements* 04/02/14 6/6 (100%) 
Completing the Privacy and Security Course 04/02/14 No Quiz 

For this Completion Report to be valid, the learner listed above must be affiliated with a CITI Program participating institution or be a paid
Independent Learner. Falsified information and unauthorized use of the CITI Progam course site is unethical, and may be considered
research misconduct by your institution. 

Paul Braunschweiger Ph.D.
Professor, University of Miami
Director Office of Research Education
CITI Program Course Coordinator



COLLABORATIVE INSTITUTIONAL TRAINING INITIATIVE (CITI)
STUDENTS CONDUCTING NO MORE THAN MINIMAL RISK RESEARCH CURRICULUM COMPLETION REPORT

Printed on 04/04/2014

LEARNER

Eileen Peppard (ID: 4101002) 
2525 Correa Road 
HIG 238 
Honolulu 
HI 96822 
United States 

DEPARTMENT Sea Grant
PHONE 8089562861
EMAIL epeppard@hawaii.edu
INSTITUTION University of Hawaii
EXPIRATION DATE 04/02/2017

STUDENTS - CLASS PROJECTS : This course is appropriate for students doing class projects that qualify as "No More Than Minimal Risk" human
subjects research. 

COURSE/STAGE: Basic Course/1
PASSED ON: 04/03/2014
REFERENCE ID: 12718543

REQUIRED MODULES DATE COMPLETED SCORE
Belmont Report and CITI Course Introduction 04/02/14 3/3 (100%) 
Students in Research 04/02/14 7/10 (70%) 
History and Ethics of Human Subjects Research 04/03/14 5/7 (71%) 
Basic Institutional Review Board (IRB) Regulations and Review Process 04/03/14 4/5 (80%) 
Records-Based Research 04/03/14 2/2 (100%) 
Genetic Research in Human Populations 04/03/14 2/2 (100%) 
Research With Protected Populations - Vulnerable Subjects: An Overview 04/03/14 4/4 (100%) 
Research and HIPAA Privacy Protections 04/03/14 4/5 (80%) 
Conflicts of Interest in Research Involving Human Subjects 04/03/14 4/5 (80%) 

For this Completion Report to be valid, the learner listed above must be affiliated with a CITI Program participating institution or be a paid
Independent Learner. Falsified information and unauthorized use of the CITI Progam course site is unethical, and may be considered
research misconduct by your institution. 

Paul Braunschweiger Ph.D.
Professor, University of Miami
Director Office of Research Education
CITI Program Course Coordinator
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