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CHAPTER I
INTRODUCTION

During recent years the exposure to localized air jets (drafts) has
Been used Increasingly to compensate for a person's feeling of discomfort
when exposed to a thermal environment differing from a normal optimal
camfort temperature.

This concept is used especially in commercial aircfaft where a uniform
thermal environment is difficult to establish because of highly varying
rates of heat transfer. There may be, for example, high heat transfer
through walls due to large temperature differences (approx. 70 °F under normal
cruise conditions), high heat loss at doors and emergenéy exits due to increased

.heat conduction, and possible one sided lieat gain due.fo exposure to high
intensity solar radiation.

In cars and other air conditioned vehicles and in air conditioned houses
persons are exposed to localized drafts. However, in this type of exposure
drafts are undesireable and caused hy poorly designed air distribution system
or unusual thermal conditions.

Overmeyer (12) investigated the effect of face air velocity on airplane
passenger comfort. This study was done for one of the éoﬁmercial aircraft
manufacturing companies shortly after the entry into the age of commercial
jet airliners. High pressure cold air was easily available so that the
installation of individual, velocity adjustable, air outlet nozzles was feasible.
From this study it was concluded that passengers would feel comfortable at
a lower face velocity if the cabin ambient temperature was reduced or the
temperature of the outlet air was reduced. No data were reported concerning
the subject's reaction to the nonuniform exposure (warm ambient temperature

and cold outlet temperature).



Azer and Nevins (1) and Azer et al, (2) investigéted the relationship
between sensory votes, average skin temperature and sweat rate under exposure
to localized ventilation applied frontally to the head of each individual
in a group of six subjects while seated in a hot environment (heat stresé).

The effect of localized draft related to a persons subjective feelings
and skin temperature drop was investigated by Houghten et al., (7). 1In this
study Houghten worked with fixed ambient conditions of 70 °F and 507 RH.

He found the degree of comfort was a function of air velocity and draft
temperature, without obtaining information on the effect of the ambient condi-
tions on each subject's overall comfort feeling. After studies done by

Fanger (4) and Rohles and Nevins (13) it should be expected that the desired
draft temperature is very closely connected to each individual persons optimal
comfort temperature and the difference between this temperature and the actual
exposure temperature. Draft temperature is defined in this presentation as
the temperature of the air flow at the location where it impinges on the
subject's skin.

With this background, the present study was undertaken. Sixteen subjects
were used and each participated in six tests of which the two first tests
were used to find each subject's "comfort temperature". Im the last four
tests the subjects were exposed to four combinations of two localized air
jet velocities and twe ambient temperatures above and helow their comfort
temperature. The upper and lower temperature limits of the "comfortable"
draft were determined. Correlations were found between cquort vote, the
subjects comfort temperature, the difference between the latter and the
actual ambient temperature, jet velocity, and the desired mean temperature

of the impinging air jet.



CHAPTER I1
FACILITIES

The environmental chamber was a Sherer-Cillett (Model CER 810) which
was modified to provide closely controlled conditions of room temperature,
relative humidity, and overall air movement. An adjustahie nozzle with
fan, air conditioning unit, and necessary duct system was installed to
provide a controlled jet air velocity and temperature.

To accomplish a uniform, low air velocity in the test area, a chamber
ingide the chamber was constructed (Fig. 2.1). The original air flow system
was changed so that the air flow was downward from the ceiling. The ceiling
of the inner chamber consisted of two layers of 26 gage steel screen perforated
with 0.027 in. holes providing an 18% net opening which produced a downward
velocity distribution as shown in Fig. 2.2. It was found that the three
fans built into the heat exchanger had a flow characteristic such that the
velocity stayed nearly constant above 60%Z voltage, and only the noise level
increased., Table 2.1 gives the calculated means and standard deviations of
overall downward velocity and measured noise level in dB in A, B, and C
scales for 30, 40, 50, 60, and 70% voltage applied to thé fana. A graph
of the velocity and the noise level in dBA as a function of fan voltage
is shown in Fig. 2.3, Forty percent voltage was used during the tests since
this velocity gave both a sufficient air change rate for temperature control
(125 air changes ﬁer hour), a low mean velocity, 0.073 % 0.032 m/s (15 * 7
fpm), and a low nolse level (64 dBA).

The inside dimensions of the chamber were 81 inches wide hy 104 inches
long by 83 inches high. The distance between the new inner wall and the

ingide of the insulated wall was 2% inches which created a mean return
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Fig. 2.1 A Schematic cross section view showing the alr flow in the
conatructed "chamber inside the chamber" with inside dimen-
slonn of 81 Inches wide by B3 inchen high.
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five different percentage voltage applied to the
fans in the room heat exchange system. Velocity
measured in cm/s and in parenthesis in fpm.



Tahle 2,1, Means and Standard Deviations of the measure
velocities and noise levels in the environmental
chamber as a function of % voltage applied to the
fans in the heat exchanger system,

Velocity
Voltage (mean & std. dev.) Noise level
% cm/s fpm dBA dBB = dBC
30 5.3 £ 3.0 10,6 + 6.0 60.1 66.9 79.0
40 7.3 £ 3.2 14,6 * 6.4 63.9 68,9 78.6
50 9.4 * 4,0 18.8 * 8.0 65.8 712 79.5
60 10.3 + 3,9 20.6 = 7.8 67.8 72.8 80.3

70 10.8 * 3.8 21.6 £ 7.6 68.8 3.3 80.2
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Mean downward velocity {(m/s) and noise level
{(dBA) inside the environmental chamber as a
function of % Voltage applied to the fans in
the heat exchanger system,
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velocity of 10 times the downward velocity from the ceiling. Forty percent
fan voltage created a return velocity along the walls of 0.7 m/s (140 fpm)
which is sufficiently high to provide a fast heat exchange between the air
flow and the inner wall so the radiant temperature in the chamber at all
times would be equal to or very close to the alr temperature in the chamber.
The floor was constructed of expanded metal with approximately 35% opening
for the air circulation, and was supported with a rosétte like structure

to allow an equal distribution of return air to each wall.

Conditioned air was supplied to the chamber at constant flow of 50
cfm (85 m3/h) of air with lower vapor pressure than the‘desired condition
of the air in the chamber from either a fan or a dehumidifier depending
on the moisture content of the outside air. The vapor pressure inside the
chamber was controlled with a 1 kw steam humidifier controlled by a Yellow
Springs Model 72 proportional controller, The humidifier system was built
into the heat exchanger system. Two Yellow Springs 9101lSeries "Bobbin"
Probes were used for controlling and recording the dew point temperature.
The system could maintain a vapor pressure at any level from 0.25 in Hg
to 1.25 in Hg and be held within * 0.025 in Hg (v * 3% RH at 75 °F).

The heat exchange system consisted of an R-12 refrigeration system
with direct expansion evaporator and a 1 or 4 kw (115/230 volt) onfoff
controlled resistance heater. The control system was improved by removing
the on/off controller and installing a Barber Colman Model MU-~501-504 propor-
tional controller to regulate the suction pressure of the 4 kw R-12 cooling
system and apply step heat inputs of 0, 1 or 4 kw depending on the inside/
outside temperature levels. A control accuracy of * 0.3 °F (or *+ 0.15 °F

std. dev.) was obtalnced with this system.



A 3 kw air conditioner unit with a built-in 2% kw resistance heating
element was installed outside the environmental chamber for temperature
control of the air jet. A duct aystem with a recirculation duct, damper,
and a built—in orifice for control purpose (Fig. 2.4) was designed and con-
atructed. The outlet velocity was determined from the pressure drop across
the orifice and was adjusted by changing the speed of the fan in the air
conditioner., The recirculation damper was adjusted so that the recirculation
was as high as possible for faat response and lower temperature limits,
but not so high that there was insufficient pressure head for maintaining
the velocity under possible evaporator coil freeze—up.condition. The temper-
ature was regulated by varying the voltage to the resistance heater while
the cooling unit was operated on/off. Outlet temperatures from about 45
to 130 °F could be produced. The outlet nozzle could he adjusted to any
position so the distance from the outlet to the forehead of the subjects
was always 15 inches, and the angle between the jet center-line and the
vertical was 45 degrees.

To control the velocity with sufficient accuracy within the available
pressure range two different interchangeable orifices could be inserted into
the duct system. Both orifices, the outlet nozzle, and a Disa Low Velocity
Anemometer (CCAA-Mode) used to measure the velocity at the location of the

subject's forehead, weré calibrated using the following procedure;
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Fig. 2.4.

Schematic drawing of the draft exposure air supply system
(including air conditioner unit, fan, outlet nozzle, and
duct system with damper and flow control orifice).
Dimensions show the subject's position with respect to
the alr jet.
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At Windtunnel (Mechanical Engineering KSU):
Outlet velocity and pressure drop for small orifice (1-11/16 inches
diameter in a 4 inch round duct,) and large orifice (2~7/16 inches diameter

in a 4 inch round duct,) against a 1 inch dia ASME nozzle.

Disa Low Velocity Anemometer (CCA Mode) at the outlet of 6 inches dia ASME

nozzle against 2 inches dia ASME nozzle.

In the Environmental Chamber:
Velocities 15 inches downstream of nozzle outlet (1ocation of forehead
during tests) were measured with a DISA Low Velocity Anemometer as a function

of outlet velocity determined from orifice flow rates.

The calibration data are given in Appendix E,



Fig. 2.5,

Photo showing the environmental chamber with a subject seated
in the chamber, Data Acquisition System control panel and
operator.
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The outer door to the chamber was provided with a one~way window
to monitor the subject to insure that the subject was seated in the right
position relative to the airflow from the nozzle. To aveid unnecessary
door openings a communication system between subject and the ocutside
operator was installed.

The temperatures for both room air, walls, dew point and air jet were
recorded with a Digitec Data Aquisition System, Fig. 2.5, using 700 and

9101 Series Yellow Springs Thermistor probes.



CHAPTER IIT
EXPERIMENTAL PLAN

The experimental program was designed to give information about all
physical and environmental parameters and subjective impressions involved
in a person's feeling of thermal comfort. The followiﬁg physiological and

environmental parameters were kept constant for each subject in all six

tests,
Table 3,1
Activity level: Sedentary (reading) ~50 kcal/mzh
Clothing: KSU Standard Uniform 0.6 clo (Ref. 12)
Relative Humidity: 50% RH
Mean air velocity in room: < 0.1 m/s (< 20 fpm)
Wall Temperature: equal to air temperature
Exposure duration: 2} hours (results from last 2 hours used

in the analyses)

Since the mailn objective of this research was to determine a person's reaction
when exposed to an amblent temperature differing slightly above and below his
comfort temperature and at the same time letting him adjust his comfort
response by self-adjusting the temperature of a localized air jet impinging

on his forehead, each subject was first tested in two experiments to find

his particular comfort temperature. Each subject's comfort temperature

was then used to determine the conditions for four additional tests using

four combinations of ambient temperatures and draft velocities as shown

in Table 3. 2n

14



Table 3.2
Experimental Plan
Test No. Ambient Temperature Jet Velocity*
2C01 t (experimentally determined) v 0,1 mfs (no jet)
cl
(20 fpm)
2002 £ (experimentally determined) 2 0.1 m/s (no jet)
c2
(20 fpm)
4WL1 tz + 3.3 °F (fixed) 0.5 m/s (100 fpm)
4WH2 t, + 3.3 °F (fixed) 1.0 m/s (200 fpm)
6CL1 t, - 3.3 °F (fixed) 0.5 m/s (100 fpm)
6CH2 t - 3.3 °F (fixed) 1.0 m/s (200 fpm)

c

* at location of the subjects forehead

t tc = %(tcl + tc2)

15



The comfort temperature was taken as the mean value determined from two

comfort tests, GV %(tcl + t ,). Skin and body temperatures and weight

c2
loss due to evaporation were obtained also,

The procedure used to find a subject's comfort temperature was deveioped
and has been used for many years at the Laboratory for Heating and Air
Conditioning, The Technical University of Denmark, by Olesen and Fanger
(10) and Ostergaard et al. (11).

The subjecté were exposed singly, and the optimal temperature (comfort
temperature) for each subject was determined by adjusting the ambient
temperature according to his desires., This was done by asking the subject
over the intercom every 5 min throughout the entire exﬁeriment, if he wanted
the room temperature to be cooler, warmer or kept the same and altering
the temperature accordingly. The mean of the preferred temperatures
during each comfért test was calculated as described laﬁer. The first
one-half hour exposure was disregarded in this computation and only used
for accommodating the subjects in the new environment.

After obtaining each subject's comfort temperature t.s each subject was,
in four separate tests, exposed to two temperature conditions (tc + 3.3
°F) and (tC - 3.3 °F) and to two draft velocities 0.5 m/s (100 fpm) and
1.0 m/s (200 fpm), as shown in Table 3.2, The temperature difference of
3.3 °F between comfort and draft exposure was chosen to be the change in
ambient temperature for a change of 0.5 in comfort vote as determined by
Rohles and Nevins (13) using the voting scale in Table 3.3. The resulting
correlation for predicted thermal sensation, Y (vote number from Table 3.3)
is:

Y=0.152 T+ 0,010 H - 8,371 [3.1]
where: T = dry-bulb temperature, °F

H = relative humidity, %

16



Table 3.3
Voting scale for room and draft temperature sensation after Rohles
and Nevins (13)
1, cold
2. cool
3. slightly cool
4, comfortable
5. slightly warm
6. warm

7. hot

During both comfort and draft exposures, the subjects were asked to
give their reaction (vote) every 5 min abaut both the air jet impinging
on their forehead and the room condition using the voting scale in Table 3.3.
The room temperature during the draft exposure was held constant (the
standard deviation for one randomly selected test was found te be 0.15 °F).
The temperature of the impinging air jet was slowly increased until the
subject voted that the temperature of the jet was "slightly warm." The
operator then slowly decreased the jet temperature until the subject voted
"slightly cool," see Fig. 3.1l. The experimental procedure began at
time = 0 so that the possibility of the outlet temperature peak, after 30
minutes exposure, being a maximum or a minimum was random. Also the sequence
of exposure to the experimental conditions for the different subjects was

random to aveid any trend or adaptation effect,

17
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CHAPTER IV
DATA

Sixteen voluntary subject (8 female and 8 male) were used in these
experiments, all of college age (between 18 and 24). Anthropometric data
for the subjects are listed in Table 4.1. They were paid $5 per test for
participating and each participated in the six different types of exposures,

The following variables were recorded every 5 minutes:

No. of observations every 5 min locaticn
17 skinrtemperatures
1 rectal temperature
2 air temperatures (1 of the 2

recorded every 2 1/2 min)

4 wall temperatures
1 Dew point temperature
1 jet outlet alr temperature

(recorded every 2 1/2 min)

The 15 thermistor probes for recording skin tempefature were attached
to the skin of the subjects with surgical tape at the locations shown on
Fig 4.1, and the sequence and time of readout for all probes and the related
time of voting is shown in Fig. 4.2, The subject's mean skin temperature
was calculated as the non-welghted mean of 14 recorded skin temperatures
shown in Fig. 4.1 (cheek, shoulder, and upper neck temperatures excluded).
The temperatures of the forehead and cheek were used as a measure of the
subject's localized temperature feeling due to the draft and the upper neck

and the shoulder temperatures were recorded for use in proposed future tests

19



Table 4.1.

Anthropometric Data for the Subjects.

Sox Sugg?ct Yiﬁ:s Heiﬁht . Weight Dgggis
11 21 157 53 1.53
12 24 168 60 1.68
13 19 169 60 1.70
14 19 159 47 1.46
Female
15 23 168 63 1.72
16 20 165 51 1.55
17 21 170 71 1.83
18 19 168 73 1.83
Mean for Females 20.8 + 1.8 165.5 + 4.6 59.8 £ 8.6  1.66 * 0.13
31 20 173 63 1.75
32 18 190 82 2,10
33 20 169 61 171
34 22 188 80 2.07
Male
35 22 182 92 2.13
36 23 180 80 2.01
37 23 180 67 1.86
38 18 190 76 2.05
Mean for Males 20,8 £+1,9 181.5 £ 7.3 75.1 = 10.0 1.96 % 0.15
Overall Mean  F/M 20.8 + 1.9 173.5 % 10.0 67.4 + 12,1 1.81 + 0.21

+Standard deviation.
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time Probe

(win) No. Scanning position
0 000 room air temp (start of temperature scanning cycles)
001 jet outlet temp
LOOZ room air temp
~003 11% RH temp (bohbin probe)
=004 wall temp
005 wall temp
=006 wall temp
=007 wall temp
008 control purpose
009 control purpose
010 R foot temp
1 ‘tou L calf temp
012 R shin temp
013 L posterior thigh temp
=014 R anterior thigh temp
~015 L lower back
1t _fOlG R abdomen temp
=017 R scapula temp
~018 L upper chest temp
~019 lower occiput temp
~020 L hand temp
~021 L outer lower arm temp
o 022 R outer upper arm temp
~023 Forehead temp
~024 L cheek temp
=025 L shoulder temp
=026 upper neck temp
=027 rectal temp
25 4-028 room air temp (probe No. 000)
029 jet outlet temp (probe No. 001)
-
|
|
3L L Vote
5 1000 room air temp (start of new temperature scanning cycles)
etc.

Fig. 4.2, Sequence of scanning positions and related time for
recording temperatures and votes.



using other exposure positions. In addition, four thermocouples were used
to measure jet air temperature at the outlet, room temperature, forehead
and cheek temperatures recorded with a multiple chaﬁnel chart recorder for
control purposes.

The subject's weight loss due to evaporation during the time of exposure

was obtained by weighing the subject before and after each exposure.
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CHAPTER V
ANALYSIS

The firat % hour of the exposure period was used to adapt subject to
the test environment. The first observations used in the computation of
the mean values for each test parameter were those obtained at 0:;35 and
the last observations from the scanning cycle at 2:30., This gave 24 ob-
servations for each variable (48 for jet outlet temperature and for one
of the two room air temperature measurements).

The analysis of data from the comfort tests and draft exposure tests
were performed separately since some of the results from the comfort tests
were used to establish the ambient conditions used in the draft exposures.
The statistical analyses were performed on only the draft exposure test

data.

Comfort Tests:

For the two comfort tests, the means for the following observations

were calculated for each test.

Table 5.1. Comfort test temperature observations
channel observed temperature

000 Room air temperature
002 Room air temperature
003 11% RH, "bobbin" temperature
004-007 Wall temperature
010-023  Skin mean temperature
023  Forehead
024  Cheek
027 Rectal
028 Room air temp (channel 000 repeated) -

Room temperature sensation vote (Table 3.3)

24
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The vapor pressure was computed using a calculated correlation equation

between "bobbin" temperature and dew point temperature (both °F)

' 2
= - * - 7% N
t 45,526 + 0,88379 teo 0.0007095337 tBob (°F) [5.1]

dwp b
The associated vapor pressure (VP) (in. HG) was calculated using the vapor
pressure and dew-point temperature relationship reported by Goff and Gratch

(6)
(16.386396 + (0.00137804*tdwp)) - (5656.0/(459.67 + tdwp)) [5.2]

v1 =
Y2 = in((459.67 + tdwp)/IO0.0) [5.3]
¥3 = Y1 - (3.560573 * Y2) [5.4]
v = 10°° (in HE) , [5.5]

The relative humidity RH (%) was calculated using vapor pressure (VP) and
the saturated vapor pressure (VPS). |
Using Fanger's (2) comfort equation, the adjusted ambient temperature was
calculated as being the temperature at which a person ﬁould express the
same feeling of comfort as at the observed conditions 1if wall temperature

was equal to alr temperature and relative humidity was 50%.

Catr = llz(tair(probe 000) + tair(probe 002))- (°F) [5.6]
t =t + (t -t , ) % -2 °F) [5.7]
air/wall adj air wall air 30 *

t + (RH - 50) * 0.047 (°r) [5.8]

amb tair/wall adj
The mean values and standard deviations of observed and calculated
parameters from the two comfort tests for all subjects are shown in Table 5.3, -

Data for each single comfort test are listed in Appendix B.

Weight loss:

The welght loss during exposure was calculated from the weights determined

before and after each exposure and reported as weight loss per unit time and
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unit body area., The resultas for both comfort and draft exposure tests are

shown in Appendix D. The DuBois-area ADu was calculated from (5):

A = 0.203 uD+425 y0.725

where W ig weight (kg) and

H is height (m) of the subject

Draft Exposure Tests:

(n?) [5.9]

All observations (temperatures and votes) needed for the analyses were

transferred to data processing cards and the entire computation was performed

by computer. The cobservations shown in Table 5.2 were used for the data

processing and were transferred to data cards.

Table 5.2, Draft exposure test temperature cobservations,

Channel Observed temperature

000 Room air
1 Jet outlet
2 Room air
3 11% RH, "bobbin" temperature
004-007 Mean wall
010-023 Mean skin
023 Forehead
024  Cheek
027 Rectal
028 Room air (channel 000 repeated)
029 Jet outlet (channel 00l repeated)

Room temperature sensation vote (Table 3.3)

Jet temperature sensation vote (Table 3.3)

The mean values for all the observations listed in Table 5.2 were

calculated for each test. Similar computations as described under "Comfort

Tests" were performed to find vapor pressure, relative humidity, adjusted
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room temperature and weight loss. The final results together with results
of computations described later are listed in Appendix A.

The temperature of the air jet t at the location of the subjects

jet 15
forehead (15 inches = 0.38 m from the outlet of the draft exposure nozzle)
was calculated using the measured velocity 15 inches downstream from the
outlet (14).
42

v
- a
Ato 3 Atx (°F) [5.10]
b4
where Ato under or over temperature of air jet at outlet (°F)

At_ under or over temperature of alr jet at distance x from
outlet (°F)

v_ air velocity in outlet opening (m/s)
o air velocity at distance x from outlet opening (m/s)

The threshold limits of draft temperature for comfort were defined as
the means of the draft temperatures at which the subject voted that the
jet was slightly cool (Vote = 3) or slightly warm (Vote = 5). Each of these
gingle lower or upper comfort limits of the draft temperature was calculated
as the mean of the temperatures recorded 1 and 3% minutes before a vote
of respectively 3 or 5. If the successive vote or votes, after a 3 or 5~
vote, stayed the same, only the temperatures recorded 1 and 3% minutes before
the first vote were used in the computation of the threshold levels,

The corresponding minimum and maximum of the forehead and cheek local
skin temperatures due to the varying draft temperatures, were calculated in
the same way using the observed local skin temperature approximately 1) min
before each vote allowing approximately 1 minute response time relative to

recorded draft temperature.



Table 5.3. Sources of variation in statistical model including

Degrees of Freedom and Associ; Degrees of Freedom
due to "Individual within Sex" being a random vari-
able,
Agsociated
Degrees Degrees of
of Freedom Freedom
Sex 1 14
Individual within sex 14 14
Temperature Level 1 14
Velocity Level | 1 14
Sex * Temp., Level 1 14
(Ind. w. Sex) * Temp. Level 14 14
Sex * Velocify ' 1 14
(Ind. w. Sex) * Velocity 14 14
Temp. Level * Velocity 1 14
Sex * Temp. Level * Velocity 1 . 14
Error 14

Total 63
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Table 5.5. Threshold levels of comfort for draft temperature. The result
for the mean draft temperature are giving the mean and std.
dev. of the draft temperature for each subject relative to
his comfort temperature while the lower and upper threshold
level results are calculated as mean and std, dev. relative
to the mean draft temperature for each subject. (all in °F)

Ambient Temp. T +3.3°F T = 3.3°F

co co
Draft Velocity 0.5 m/s 1.0 m/s 0.5 m/s 1.0 m/s
Mean draft temp. H
differs from mean -0.6 = 3.3 -0.2 = 3.3 2.5+ 4.9 1.7 4.1
comfort temp.
howes: Jeyed 3.0 £ 1.4 2.2 +1.3 3.42%1.7 2.5%*1.0

(below mean)

Upper level

(above mean) 3.3 £ 1.6 2.8

I+

1.2 3.7 1.8 2.8 1.2

Range

upper/lower levels 6.3

I+

2.9 3.0

1+

2.4 7.1 £ 3,4 5.3t 2.1

+standard deviation.
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An analysis of varlance including possible interactions and with
individuals within sex as a random variable was performed on the results
from the four types of draft exposure and the sources of variation in the
statistical model (14) with associate degrees of freedom is shown in
Table 5.3. The results of the statistical analyses together with the
mean values for both the comfort tests and draft exposure tests and
the standard deviations for comfort test results are shown in Table 5.4,

A plot of the observed mean draft temperatures at th¢ location of the
forehead as a function of the adjusted ambient temperature with lines connecting
observations for equal velocity exposures for each subject at the two temper-
ature levels is shown in Fig. 5.1. Low velocity, 0.5 m/s (100 fpm), is
indicated with a dotted line and high velocity, 1.0 m/s (200 fpm) with a
full line.

A regression model to predict the desired mean draft temperature as
a function of the subject's comfort temperature and an interaction between
the comfort temperature and the difference between the latter and the actual
exposure temperature was found to be best fit by a model excluding skin

temperature, temperature drop, or other dependent variables,

t = 16.5+ 0.79 t _+ 0,0043 ¢t t -t ,) (°F) [5.11]
draft (0.14) co (0.0021) co co _amb
R% = 0.35 S = 3.995

y*x

where tyraft is the desired temperature (°F) of the air jet at
location of the forehead

tco is the adjusted comfort temperature, °F

Comp 18 the adjusted ambient temperature, °F

the numbers in parenthesis are the standard errors
of estimates of coefficients
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The velocity was found noF to be significant in pfeaicting tdraft'
This can also be observed both from Fig. 5.1 and from the analysis of variance
with neither velocity nor any velocity interactions being significant.

Fig. 5.2 and Fig. 5.3 show the mean of desired draft temperature for
the two velocity levels for each subject as a function of the adjusted
ambient temperature for ambient temperature levels respectively below and
above comfort temperature with the regression lines predicted with [5.11]

together with respectively [5.12] and [5.13].

€ = teo = 33 CB) [5.12]

amb ~ Feo + 3.3 (°F) : [5.13]

The test subject was exposed to an ambient temperature higher or lower
than his comfort temperature and was required to compensate for his feeling
of discomfort by selecting a draft temperature which increased his overall
feeling of comfort. For all tests the selected draft temperature was higher
than ambient temperature if the ambient temperature was below the comfort
temperature and vice versa. Recognizing this, a regression analysis
related the temperature difference between draft and ambient and between

comfort and ambient temperature as follows:

& -t . =0,9-132(t_ -¢t__) [5.14]
draft amb (0.16) co amb
2
R” = 0.53 s = 4,07
yox
where tiraft is the desired temperature (°F) of the air jet at
8%t location of the forehead
tco is the adjusted comfort temperature, °F
t b is the adjusted ambient temperature, °F

the number in parenthesis is the standard error
of estimate of coefficients
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The draft velocity was also indicated in the analyéis but the effect
was shown to be unsignificant.

A plot like Fig. 5.1 but including the lower and upper limits of comfort
for the jet temperature and connecting lines between these for each exposure
is shown in Fig, 5.4. Low velocity, 0.5 m/s (100 fpm), is indicated with a
dotted line and high velocity, 1.0 m/s (200 fpm), with a full line. Also
shown in Fig, 5.4 are the two regression lines predicted with Eqn. [5.11]
and respectively [5.12] and [5.13].

Fig. 5.5 shows the mean draft temperature as a function of time of
exposure for all 16 subjects pooled for each type of exposure. Results of
all envirommental, physiological measurements and subjective votes as a function
of time of expoéure for all 16 subjects pooled for each type of exposure
is given in Appendix C. 1In all four types of exposures the subjects appear
to desire warmer draft temperature with time. This is in agreement with
the result of the study performed by Rohles and Nevins (13) in which desired
room temperature was a function of time of exposure.. Their correlation showed
an increase of room temperature with time, but since the room temperature
in this study was kept constant during each exposure the only way the subjects
could adjust for this desired room temperature increase would be by increasing
the draft temperature.

Fig, 5.6 shows the draft temperature (mean value together with upper
and lower comfort limits) for the tﬁo exposed draft velocities as a function
of the ambient teﬁperature. Both axes are relative to the comfort temperature.

The temperature range for the draft exposure is defined to be the
difference between the upper and lower temperature limits determined for

each exposure condition.



As can be observed, the range of the draft temperature is larger for
the low draft veiocity Lhan for'high, which is in agreement with the increased
heat transfer for the higher velocity so the subject would be able to detect
smaller changes in the draft temperature for high velocity than for low.

The same.tendency can also be pbserved from the standard deviation of
the tabulated values of threshold levels of comfort for draft temperatures
in Table 5.5. |

The ratio between the mean of the range for low and high velocity is

approximately equal to the square root of the inverse ratio between the

respective draft velocities

o Gon Yol L (6.3 1% 1so - (8 BT 1 0
which is in agreement with results obtained by Winslow et al. (17) for
convective heat transfer from the human body as a linear function of the
square root of the velocity, which implies that the heat transfer within
the two ranges is of the same magnitude.

From Fig. 5.6 can also be observed that the intersection between
the mean draft temperature and the ordinate (the expected mean of the
desired draft temperature when ambient temperature equals the comfort
temperature) shows that a subject would prefer a draft temperature
approximately 0.8 °F above the related comfort temperature, which is in
agreement with the iIncreased local heat transfer.

The mean valuee of comfort votes relating to room temperature (Table
5.3) show that the feeling of comfort cannot be satisfied by adjusting the
draft temperature when exposed to an ambient temperature lying on the

borders of thelr comfort temperature range tc * 3,3 °F. Without the



localized draft; the expected room temperature vote for the lower and higher
ambient temperature level would be respectively 3.5 and 4,5, The measured
mean values of room temperature vote for both draft_velocity levels pooled
at the two temperature levels were respectively 3.66-aﬂd 4,35, While there
was no significant differences in preferred mean draft temperature for the
two velocity levels it can be observed that the subjecté moved closer to
comfort conditions under high draft velocity exposure producing respectively
votes of 3.75 and 4.32 than with low draft velocity résﬁlﬁing in votes of
3.57 and 4.38. The statistical analyses showed that.the interaction between
temperature level and velocity had a significance levei'of approximately
10%. |

A correlation was found between room temperature vote, the difference
between comfort and adjusted ambient temperature and an interaction between
the square-root of the velocity and the difference between draft and adjusted

ambient temperature

Y = 4,02 - 0,0677 (¢, -t ) - 0.0335 /¥ (t -t ) [5.15]
(0.0204) co amb (0.0133) draf; amb
2% = 0.50
where Y Room temperature voting scale (Table 3,3)
v Draft velocity (m/s)
o is the adjusted comfort temperature, °F
t b is the adjusted ambient temperature, °F
taraft is the desired temperature (°F) of the air jét at

location of the forehead

the numbers in parenthesis are the standard errors
of estimates of coefficients.
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This equation shows, when used.in the extent of the experimental plan,
how the room temperature vote decreases with increased velocity and draft
temperature relative to ambient temperature and increases with increased
ambient temperature relative to comfort temperature.- Without draft and
for exposure to ambient temperature equal to comfort tgmperature the
predicted room temperature vote with [5.15] will be 4.02.

Some of the subjects (approx. 1/3 of the 16 subjects) complained that
the high draft velocity was "windy" while none complained at the low draft
velocity.

While draft temperature was significant at 1% level for temperature
levels, but not for velocity levels it can be observed that the resulting
forehead temperatures show no significant difference for tanperature levels
but were significant at 0.5% level for draft velocity levels. Of course
the influence of radiant heat transfer with the walls of the chamber must be
taken into account since the radiant heat loss from the subject's forehead
will reduce the expected effect of the draft temperature alone at the two

ambient temperature levels,
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draft velocities as a function of ambient temp-

°F

erature, both axis relative to comfort temperature
(low draft velocity (0.5 m/s) indicated with
- dotted lines and high (1.0 m/s) with full lines).
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CHAPTER VI
CONCLUSIONS

From these experiments it appears that a person's-ﬁeeliﬁg'of comfort
cannot be satisfied by adjusting the temperature of an airstream impinging
on his forehead when he is exposed to an ambient temperature differing slightly
to either side of his optimal comfort temperature.

The desired jet mean temperaturé for two levels of jet velocity (0.5
m/s and 1.0 m/s at location of forehead) was not a function of the air velocity
but only of the temperature level with respect to the persons comfort temperature.
Local skin temperatures at the location of the impinging air jet was a function
of the velocity.

The desired jet temperature when exposed to an ambient temperature differing
from a persqns‘comfort temperature was found to be a function of the person's
comfort temperature, and an interaction between this comfo;t temperature
énd the difference between the latter and the actual exposure temperature.

The desired temperature of an airstream impinging a person's forehead
will increase with time of exposure for constant ambient temperature.

The threshold levels for desired draft temperature relative to comfort

temperature were found to be:

Mean of
Mean of Desired Draft Temp. Range around
Mean Draft
Draft Velocity Tco + 3.3 °F TCo - 3.3 °F temperature

0-5 m/S ""0.6 QF 2.5 QF 6.?

1.0 m/s -0.2 °F 1.7 °F 5.1
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Appendix A

Computer output of test results of the
six different exposures with each subject
(only mean values of the results from two

comfort tests). All data from each subject
is listed on one output page.
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Appendix B

Computer output of test results from
the two comfort tests with each subject
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Appendix C

Computer output of results of all
environmental and physiological measurements
and subjective votes as a function of time

of exposure for all 16 subjects pooled for .

~ each type of exposure condition (four
combinations of draft velocity and ambient
temperature levels)

1)
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Appendix D

Qutput data from computation of body area,
evaporative weight loss, and the latter
converted to heat loss using 95°F evaporation
temperature
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Appendix E

Calibration charts from orifice calibration
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Appendix F

Computer programs used in computation
of data presented in Appendices A-D
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$408

C
c
c

THIS PROGRAM CALCULATE EXPERIMENTAL RESULTS OF 6 TESTS WITH FACH SURJECT

107

108

125

80

81
32

sy TIME=5,PAGES=20

PRC=0

TAC=0

SAC=0

VPC=0

RHC =0

ANC=0

VATEC=0 .
PEAD(S+125,FN0D=100112+144+PB,RBySBTB,UR,VByXB,yYB,ZB,VNTE
FORMAT(I131242F4.24F5.2:6F4,293%X,F3.2)
PR=(RR+(PR+IA)/2.)/2.

SBC=SPC+SR/2.

NF = =45,525909 + 0.88378906%58 - 0,00070953349%(SR%%2)
VPA=VYP(NDF) '
VPA=VYP(PR])

RH=(VPR/VPA)*100.
AN=PR+(TR=PP}*58, /130, +{RH-50,)*0,047
PRC=PRC+PR/2.

TEC=TRC+TR/2.

RHC=RHC #+RH/?2.

VPC=VPC+VYPB/2,

ANC=ANDC +AD/ 2.

VOTEC=VATEC+VNTE/2,

IF(12.E0.1) GO TN 108

READ{S 48 yEND=100) IV MY 4N A3 PV RV, TV,SV, OV RQ5Y 03V F GV, VK, VL
READ(S, 82 IV 7V NsBpCa D FaUV VYV XV YV VIV X3V, VIV X5V, I3V, J5V
READ(S 8L SND=100 TX oMy Ny AP XyRXyTXySX, QX p 05X Q3N 4F 4 GX o XXy XL
READ(IS ¢ B82) I X3 ZX e Ny g CaleE g IX o VX g XX o ¥X g VIR XINZVEX X5 X3 J23 X4 JBX
REAN{B431.END=100) 1Y sMY 3Ny A PY 0¥ TY, SY, QY 05Y03YF o GY,y YK, YL
READ(S B2 LY 7Y e NgB sl e D oY o VY o XY s YY 4 V3Y XAY 4 VEY X5Y, J3Y, )57
READ{S 481y ENI=IN0Z 3 MZ 4 My AJPZoRZ3TZ ST +RL+A52 4032 3F 1G24 2ZKZIL
REANDL{ Sy B2)T1Z4ZZ oy NyB LD EgU7 V29 X2 Y14 VIZX37,VBIX572,4J37,J057

FORMATI 2114 12+F5.215%49FA242F4.2)
FAPMATIIY,Fle0,12,12F5.242111}
VELV=IV/2

VELX=2X/2

VOUTVY=1.3%

VOuTY=2,36

PRV=(PVeRV) /2

PHUX=(PX+RX} /2

PRY={PY+RY) /2

PRZ=(PZ+RZ)/2

DFV= =4%5,525909 + 0.883TB906*5V -~ 0.,00070953369%{5V*%2)
DFX= ~45,525909 + 0,88378906%S5SX - 0.00070953356G%(SX¥*%2}
NFY= =45.525909 + 0,883787%2046*38Y - ,000T0953369%{SY*%2}
DFZ= -45,525909 + 0.B8B378906%S7 - 0.00070953369%{52%%2)

VPVY=VP{DFV)
VPX=VPIDFX]
VPY=VPIDFY}
VPZ=VP{DFZ}
VPAV=VP(PRV)
VPAX=VP{PRX)
VPAY=VP({PRY)
VPAZ=VPLIPRZ)
HY={VPV/VPAV]I*100
HX={VPX/VPAX)}*100
HY=(VPY/VPAY)*]100
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113
114
‘115
116

HZ=(VPZ/VPAZ)I*100
ADTV=PPV+{TY=-PFV)%58,/130.+{HV-50,)%,047
ADTX=FRXH(TX~PRX)%5A, /130, +(1HX=50.)%.047
ADTY=PRYH{TY-PRY)*5E,/130.+(HY=-50,)%,047
ADT2=PRZ+ITZ-PP2)%*58 . /130 .+{HZ-50.)%,047
NADTV=ANTY=-ANC
NADNTX=ANTX~-ANC
NANTY=ANTY=-ANC
DADNTZ=ADTZ-ADC

NRV=N5V-Q3y

QAX=N5X-03X

ARY=Q5Y-Q3Y

NRZ=0Q57~-N32

ATOV=OV-ADTYV

QTNX=0X~ADTX

NTDY=QY-ADTY

ATOZ=07-ADT?
DTV=(QV-PRV)%.50/1.34
DTX={QX-PRX}/2.36
DTY=(QY-PRY)%,50/1.34
NTZ={02-PP2)/2.36
NT3V=(Q3V-PRV)*.50/1 .34
DTSV={N5VY=-PRV 1%, 50/1.34%
NT3X={03X-PRX)}/2.36
NT5X={Q5X-PRX)/2.36
DT3Y=(0N3Y-PPY)*,.50/]1.34
NT5Y=({N5Y-PRY})*,50/1.34
DT37=(N37-PFZ)/2.36
NTS7=(052-PP7)/2.36
015V=PRV+DTY

0315V=PrY+NT3V
Q515V=PRY+DTSV

N15X=PRX+DTX

N315X=PRX+NT3X
0515X=PRX+NTHX

D15Y=PRY+NTY

Q315Y=PRY+LTIY
0515Y=PRY+DT5Y

N16Z=PRZ+DTZ

N3152=PR7+NT3?
Q515Z=PRZ+DT5Z
N3N1FV=0315V-Q15V
Q30IFX=0315X~015X
N3NIFY=0315Y-N15Y
Q3NIEZ=Q3157-0152
NSNIFV=Q515V-015Y
NSNIFX=N515X~-N15X
Q5NIFY=0515Y-015Y
QSNIFZ=05152~9152
0150CV=015V=-ADC
Q15NCX=015X-ADC
01SNCY=015Y-ADC
A15NCZ=N152-ADC
015L=(R15V~-QL5Y) /(ADTV=-ADTY)
N15H=1015X=01572) /{ADTX=ADT?)
RANV=QS15V-0315V
RANX=Q515X=-0315X
PANY=Q515Y-0315Y
RANZ=05152-Q3152
QVDV=VV-QL5V
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117 AVDX=VX-N15X

118 QvoY=vY¥Y-0L5Y

119 OVDZ=VI-Q152

120 YOV=YV=E

121 YNX=YX-F

122 YDY=YY-F

123 YDI=Y7-E

124 upv=uyv-n

125 UOX=LIX=-R

126 uny=uy-p

127 upz=uZ-"

128 VDV =VV-C

129 VDX=VX~C

130 ynyY=vyY-C

131 vDZ=VZI-C

132 XOV=Xv=n

133 X0X=XX-D

134 XDY=XY=-D

135 X0I=X2-N

136 V3IVDIF=V3V-VV

137 VSVDIF=V5V-VV :

139 V3IXNDTF=V3X-VX §
139 V5XDIF=V5X-VX

140 VIYNIF=V3Y-VY

141 V5YNDIF=V5Y-VY

142 V3Z01F=v32-Vi

142 V5IDIF=V5I-VZ

144 X3VDIF=X3V=XV

145 XSVDTF=X5V-XV

146 X3IXDTF=X3X-XX

147 XSXDIF=X5X-XX

148 X3I¥YDIF=X3Y¥-XY

147 XS5YDIF=X5Y-XY

150 X3INIF=X32~-X7

151 XSINDIF=X5Z~-XZ

152 GDV=GV-F

153 GNX=GX-F

154 GNY=GY-F

155 GDI1=GI-F

156 IF (N.GT.20) GO TO 52

157 WRITF{6,+1)IN

158 GO TO 50

159 " 52 WRITE(&,51)N

160 50 WRITFE(b644)

161 WRITF(64+2) VELV,VELX,VELV,VELX
162 WRITE( 6, 2)VDUTV, VOUTY, VOUTV,VOUTY
163 WPTITF(6,5)PRCFRY 4PRX4PRY,PRZ
164 WRITE(H46)TRCy TV TXTY,T2

165 WRITE (6 64)SBCySYSXySYyST7

166 WRITE (6463 )VPL VPV VPX,\VPY,VEZ
167 WRITF {6y TIRHC yHV g HX s HY yH2

168 WRITE{6,8)ANC4ADTV,ADTX,ANTY,,ADTZ
169 WRITE{6,9)DADTV,NANTX,DADTY,DADTZ
170 . WRITE(6,+12)03V,03X,03Y,032

171 WRITF (A1) 0V4QRY 40X, 01X, QY,0ORY 407 ,4QRZ
172 WRITELG,10)105V,05%X,05Y,4052

173 WRITE(6,14)0TDV,0TDX+QTNY,QTDZ
174 WRITEL6,6010Q315V,03DIFV,0315%,03DIFX,Q315Y,0Q3DIFY,03152Z,03NIFZ
175 WRITEL6,18)015V,Q15%X,Q15Y,01512

176 WRITE{6y61)0515V,05NIFV,Q515X,Q5D1FX,Q515Y,Q50IFY,Q%152,Q501FZ



177
178
179
180
18l
18?7
183
1R4
185
186
187
181
189
190
191
192
193

194

195
1946

197

198
199
200

201
202
203
204
205
206
201
2019
2073
210
211
212
213
214
215
216
217
218
219

220
z21

HRITE(665I0L5NCVRARY, ITEDC X, RANK, QISDCY,RANY'OISDC? RANZ
WRITI(6,621015L4015H,015L,015H
WRITT{6,19) VNV, OVNXDVDY NVZ

WRITE IO,y 20)F e YV YDV Y X YDX,YY,¥YDYY2,¥N2Z

WRITE(G 222V 83UV UDV o UX o UK UY $UIDY U2, UD2

WRITELG, 24)VIVyVIVDIF, VIX,VAXNTIF,V3Y,VIYDIF,V32,V32DIF
WRITE LGy 25)C VY VIV, WX VDX, VY, VDY V7 ,VDZ
WRITF(&,26)VEV ¥SVDIF VEX VEXDIFeVEY,VS5YDIF,V52Z,V5IDIF
WRITEL Oy 2T ) XAV X3VNIF o XAX g X3XDIFy X3Y o X3YDTF, X374, X3I0D1F
NQITE(f)j 23][),)(\!.XDV.XX.XDX,KY'XDY'XZ'XUZ’

WRITF LA, 29) XSV XSVNTF s X5 X X5XDTF 4 X5Y ¢ XSYDIF 4 XS24 XSIDIF
WRITF (6, 30)F 4GV GXyGY 67

WRITE(6,31)60V 5N, 610Y,6G02
WRITF(H,32IVOTEL s VK XK YKy 7K

WRITF(&HE,33IVL XL YL,y 2L
WRTTEL69341J3V 05V, J3XJ5X,J3Y,J5Y,037,452

81

1 FORMAT(1HL,'EXPERIMENTAL RESULTS FAR SUBJECT NOz*,T4,4X,"SEX: FEMA

LR, 8X, Y ALL TEMPERATURES IN DEG F')

51 FORMAT{1HL,'EXPERIMENTAL RESULTS FNR SUBJECT NO:®,T644X,*SEX: MALE

21, 10X, "AtL TEMPSRATURES IN DEG F*)

2 FORMAT(LIHO, *JET VEL (475}, AT LOC OF FNREHEAD? 1 T54,4F17.2)

3 FORMAT(1HO,"JET NUTL VIL (M/S), NUTL NOZILT: 55 MM DIA?Y,
3T54,4F17.2)

4 FORMAT({LHO, 'RONM TEMPERATURE COMDITION® 4 20X, ' COMFORT *,9X,
AYT(COY+3 .3 T(CD)+3.3 TICD)=3.3 T{CO}-3.37)

S ENRMAT{IHO,'AIP TEMPFERATURET, T37,5F17.2)

6 FIPMATILINHO, "WALL TEMPERATURE',T37,5F17.21}

7 EMNRMAT(LIHO 'PELATIVE HUMIDITY !y T3T4Floaly* B s Floel " RP»Flbaly' 2%,

TFLE.1,' 2, Flb0.1,4"%")
8 FORMAT{1HO, "ADJUSTED RUOM TEMPEPATURE® yT3T,5F17.21}
9 FORMAT(1HO,'ADJ ROOM TEMP DIFF FAMM COMFORT?,T5444F17.2)
10 FORMAT(LH L' JFT TUTLET TEMP UPPER LFVEL '3T54,4F1T.2)
11 FORMAT(IH L'JET OUTLET TEMP MEAN/RANGE?' 4 T54,
BIXsF1la2s? /1y F5.2,F11a2y /" yF5.29F1102¢"/%4F5.2,F11a24%/%,F5.2}
12 FORMAT{1HO,'JET QUTLET TEMP LOWER LEVFL ",T54,4F17.2)
14 FOFAATILIHOL*DIFF RFTWEEN JFT NUTL & ADJ ROOM TEMP® ,T54,4F17.2)
18 FARMAT(LH ,'J35T TEMP 15" FROM OUTL (FORFH 1L.NC) MIANY ,T54,4F17.2)
19 FORMAT(11H0,*NIFF RETWFEN JFT T(15) & FORFHEAD TEMPY,T54,4F17.2]
20 FNRMAT(1HD,'RECTAL TEMPERATURE/DIFF FAOM COMF TESTY T37, F17.2,
B3XaF1la2gt /t FS.23FLla2y /' yF5.2¢F11aZ+ /' 3F5.84sFL11a24"/"yF5.2)
22 FIRMATILIHO,'MEAN SKIN TFMP/DIFF FPOM COMFQRT TEST' ,T37y FiT.2y
ﬂax'sF].l-z’.,'lFSo?,lFll-?'".tFS-vallozv.,"F5'2!F11-2|','!F5'2l‘
24 FORMATI{1HD,'FOREHEAD TEMP MIN/DIFF FRUM MEAN? 2 T54,
B3XeFLlla2gt /Py FSa2,Flla2y %/ 3F5.2,F11a24'/",F8.2,4F11lal2,"/"F5.2)
2% FORMATILIH 'FORCHEAD TEMP MEAN/JDIFF FROM CUMF TEST'.T37, F17.2,
B3X s Flla2 e/ aFS a2y 12y /KB 2, FLl1a2y"/ 1 F5.2,F11la2y*/"eF5.2)

‘24 FORMAT{1IH ,'FOREHEAND TEMP MAX/DIFF FROM MEAN? 1 T54,

B3X,F1le2s" 7 s FSa?yFllal e/ 4FS5a24FLl1ale' /' 4F5.29F11424%/%4F5.2)
27 FORMAT(IHOSCHREK TEMP MIN/DIFF FROM MFANY v T 5%y

BN FLT a2 /Py FGa2aFLla24 970 4F5.2,F 1142+ /7 4F5.24F11.2+"/"4F5.2)
28 FORMATIIH (*CHiFK TEMP MEAN/NTFF FROM COMFNRT TEST,T37, F17.2,

A3XeF1llaZy? /Y FBoa24F11a24? /% F5.24FL102:"/"4FSa24FLl1a24%/%4F5.2)

29 FORMATE{IH HPCHETK TEMP MAX/NDIFF FROM MEAN? r 754,
B3XeF1la29 /"y FBa2,F1La29?/ 4 F5.2,F11a24'/",F542,F11.2,"/",F5.2)
30 FNRMAT{1HO, *WFIGHT LOSS (GRAMS/ME=%2/HIR]YY, T37,5F17.2)
3] FORMAT(LIHO,*WEIGHT LNOSS (GEAMS/Mx#2/HIURY DIFF C-T?,T54,4F17.2)
37 FORMAT(L1HO,*RONPM TEMP SENSATION VAOTE! 2 T3T25F17.2)
33 FORMAT(1HO,'JET TEMP SENSATION VOTE! 2 T5444F17.2)

36 FORMAT(IHO,'MO NF MIN/MAX PEAKS 0OF JET TEMPERATURE®,T54,113,
40 f VoT1,103,% 7/ 9,71y 1134% /7 "4l1y123,% 7 *,11}



222

223

224
225
226
221

228
229
230

231
232
233
234
235
236
237

82

G0 ENREMAT(LHOL,YJET TEMP 15" FROM NUTL LOWER LEVFLZDITE FROM MEANY,T54
BaFla.2,40 /0 1 F5e2sF1la2s %/ 4 FSa24F11a2y '/ aF5.24F1102,"/",F5,2)
61 FORMAT(IH ,'JFT TEMP 15% FROM QUTL UPPER LEVFL/DIFF FROM MEAN? ,T54
AaFlaaZ " 70y F5.23FLl1a2y '/ yF5.24F L1029 /" 4F5.24T11024"'/%4F5.2)
62 FORMATULIHO,YJETL1S) TEMP INCR PR DEG RTIOM T INCRY 4 T754:4F17.2)
63 FIRMAT{IHO,.*VAPOK PRESSUYRE (TNCH HG)? 1 T31,5FLT.3)
64 TOARMAT(LIHO,'BDRBIN PRUPE TEMP (11% RH TEMP)! 1 T37,5F17.2)
65 FNRMAT(LIHN,*JET(15) TEMP DIFF FROM TICO}/RANGF{UPP-LOW LFVFLY?,T54
RyFl4a2y '/ ) F5.29F11e24¢" /" sFSe23FLl1a24 7/ 1 F5.29FLl1a24'/%4F5.2)
GO TO 107
100 STNP
END

FUNCTION VP(DF)

Y = (16.386396+{.001378304#%NF))-(5656.0/(453.6T+DF))
Y2 = AMLOG{1459.6T+NF}/100.0}

Y3 = Y1-(3.560573%Y2}

VP = 10%%x¥Y3

RETURN

END

SENTRY



$J0R

83

9 ¢.
- C :
£ THIS PROGRAM CALCULATES TEST RESULTS FROM THE TWd COMFORT TEST
C WITH FACH SURJECT,.
C S SO e e e
C
) 1 BOREADLE 326 K= T 00N T2 0 T g PPy SF TRy VM, X1, Vi g 71y VUTE
B P2 FLRAMAT [ TE e 2927432950200 %0 2930 FB02) o e e
3 PR=[HR+{ PRI ) f2 ) /7,
IA DE = =4h 3250006 + 0 4K83TRINARSK = D, 000TNaR 33/ | SHE%D )
- s YT = (1A ANRROAR (G ATRNAENE) )= (MhNh o/ (456 ATHNF))
I Y7 = ALOGI{a%9,AT+HIE) /101 ,0)
T ¥3 = Y1=(3,.,hh0h0T40y))
TR YIA = (16.58A39A+( (N0T3TROGEPR) } = (HALA O/ {459 6T+PR) )
10 Y20 = AL {AD9,6T7T+P)/100.0)
11 LoJAA = Y1A-13.56N9T3%Y2A) )
T TTWRPA = 10%EYIA
13 RH= (YR /VPA)#INN, \
15id AD=PRA{TR-PRJ*5H, /1 30+ (AH=50, ) %0, 047 _ e e e
15 TEILZ2.E0,2) 61 Ti} A%
16 IF(IA4.EONLLLY 6N T 42
17 B L O L L
18 B6 WRITE (A ah)Ta, 12,P%, 218, 24, THy SHyUHs VR XR YR, BRZ VP RH A, VIITE
19 46 FORMAT (M0, 13y 14 ,4rQ,2 ,F10,2,8F0,74FG.33FR,1FA.24FR.7)
b ey APLLIEREAeR] BIL TR WY e i — e
21 G TN R
72 41 HRITE( Ay HD)
P VB0 FORAAT{1HD, Y V) L . . . . B
24 6y Ty R
25 a2 vRITE(AAT)
b, 20 MUITEGeALY L . L .
27 AL FHRAATEIH G 10X PRESUHLTS FROM COMENRT TESTS, FEMALE SIHJECTSY /)
722 G T GA
- ok L BB MRITR(A.ATY s .
39 VA TTE{ fe6s2)
31 B2 FNRAATITH 10X, VRESUHLTS FROIM CHIMENIRT TESTS, MALE SURJIRCTSY /2
] 30 A W ITE{ Ry 63)
33 63 FARMAT(THO VSR )
34 AT FOKMAT(LHL, ' ')
— 35 L LWRITEUANGAY ‘ ‘ o _
EX b FORMATIIH 4 'TaST M) RIWHA ] ROOM 2 ROOM 1 WAIY, 11% RHY
1,¢ S FrAREHEAD CHEEK RECTAL  RODWMATR Vip n RaG m RHU,
| R 2N AnIRNAN 1 VATE?! ) P
37 HRITF(GA.60)
34 G T 65
e ___oAan ST "
&Li) Fll
_ HENMTRY -
1
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$ JIH yTIME=5,PAGES =40
C
"
CTATS TPROGRAMEANLCULATES TTHE RESUYS e "R U ERVTRIINAENTAL y PHYSTGLUGTE N
G MEASUREMENTS AND SURJFCTIVE VOTES AS A RUNCTION 11F TIME (H- EXPUSHRE
CFOR AL 16 SURJECTS PONLED FUR EACH UF THFE FOUR EXPUSURE GUNODTTEHINS.
C
o

1 INTEGER H _

F3 6 READIB 1] 4END=100)T1 5121 He Z 9 LDEC 4PR,0OK, AR TR, I VR s XAy Vi St s B, AL

3 11 FORMAT (211 92Xs124F5,.3,F% 1 4RF5,2+5XsFa.242F3.2)

4 VEL=I2/2.

5 FR=(PH+REY 77, - - -

6 NF = =45,525909 + 0,8R3TRIVAHSA ~ 0.00070953369%(SKH*%2)

7 Y1 = (1A3RA3GA+ (L, ON13TROGHNDE) I =(5656.0/(459.6T+F1}

B Y2 = ALUGL{459,A7+DF)1/100.0) - o

9 ¥3 = Y1-13,560573%Y2)

10 VP = 10%xY3

11 YIA = (16,38A63946+(,N013TRO4%PR) }=(5h56. n/(4bq 6T+PR))

12 Y2A = ALOG{(459,67+PR)/100.0)

13 Y3A = YIA-(3,5A0573%Y2A)

T4 VPA = TOx%Y3A

15 HH= (VP/VPA} %100,

16 TAD=PR+{ TR=PR)%SH./130.+(RH~50,)%,047

17 N15=PR+ (DR=PRI%,50/1 .34

18 IF(I7.E0.2) ND15=PR+({0QH=PR)/2.3A

19 I=11+12

20 TF{H.EO.1) GO T0 30

21 33 WRITE(6 424 M7 ¢ZDFC,PRTRySRyVP 4y RH TAND QR0 15,UB VR ¢ X1i g VR 4 BK 4 BL

22 26 FURMAT (IH sI13,FBu33FR,13F 1102 1FTe?9FRe?eFTe3sFhels3F7.2,F1142,

T3F T2 7 +F10a23FTa2)

23 GO TO 6

24 30 IF(I1.EO.6) GO TO 31

25 WRITE(®, Z0TVEL

26 20 FORMATEIHL,* MEAN OF NHSERVATIONS £NR 16 SUBJECTS AT TIME DF EXPUS
TURE T AMB TEMP = T(CO}+3.3 F AND DRAFT VELICITY =',F6,1," M/5V /)

7 GiY 1T 37 ,

28 31 WRITE(6,21}VEL

249 21 FORMAT(1H1,' MEAN OF NDASERVATIONS ENR 16 SUBIECTS AT TIME NF EXPNS
[TRE TO AME TERP € TIGN)=3.3 ~ AND DRAFT VELOCITY =0 4Fa.1et W7ETT)

30 32 WRITF(6/,35)

3] 35 FORMAT(LH 4! ALL TEMPRRATURE (OBSERVATIONS IN DEG £, AND VAPOR PRES
TSTIRE TN TRNCAES WGy VITES AFTER =T COMFORT VOTE SCATE (CUOMFORT =&~ ~ -
21v/7)

32 HRITE(&,27)

33 Z7 T FORMAT T IR, V" TTAE OF ORSERVATINN . — 7V, ITAX, VENVIRUNMENT AT T URSERVATT "
INSYy1AX,t/ PHYSTULOGICAL DRSERVATIONS / VOTESY)

34 WRITE(6,73)

15 73 FORAATTTIHO LY ID AOURS — WINNTES BIR T TALL T I RRTVAPTIRT 7~
1%R H ADJ ALIR  JET  JET1H SKIN FOREH CHEEK RV ROD
2M JETY/)

36 LT T 33

37 100 STOP

38 END

SENTRY
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C

C

C FHR ALL 6 HlFiPRFNT TYPF§ ﬂF EXPDSHRF
C .

_C_

2 READ(5,1,END=100) NOS, Hl, HZ, NOT, WLHL, WLB2, T1
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1
2 1 FORMAT(IZ+F1o04F3,1,11,2Fb,3,F2.0)
3 . T=T1+170, _ e
4 H= (H1%12,.+H42)1%,0254 T
5 WG={WLRI+WLB2)/2/2,2046
(i) -—{H”’ “.72‘3)- £H‘G::‘ 4)5 i_“ﬂ__203 R,
7 WLH={ WILRT=W A2 %R0, /{ T, 0022046) T
8 WLHA=WLH/ A
9 CAL=WLHA%,57755 B
10 WATT=CAL%1,163 T
11 IF(NNT,.GT.1) GO TO 3
L 12 ___ O IFINGS,EQ. L) GO _ TN . 42 - e e e
13 IFINDSL.EQ.31) GO TN 43
14 3 WRITE(6e4) NS, NOT, WLRL, WILR2,T WG HeA o WLH ¢WILHAyCAL JWATT
16 IF (NNT.EQ.b.) GO TO 23
17 GO TO 2
1R 23 WRITE(6,424)
19 24 FORMAT(LH ,* ')
20 GN TO 2
21 42 WRITE(A,61) L
22 61 FDRMAT!lHl,'RFSHITS OF EVAPDRATIVE WEIGHT LOSS, FEMALE SURJECTS.
£2 COMFORT TEST, 3684 WARM EXP LOW/HIGH VEL, 566 CONGL £XP LOW/HIGH
4 VELY)
23 G0 TO 66
24 43 WRITE(6+62)
25 62 FORMAT(1H1,'RESULTS OF EVAPDRATIVE WEIGHT LOSS, MALE SURJFCTS. ',!
3 152 COMFORT TEST, 384 WARM EXP LOW/HIGH VELy 566 COOL EXP LOW/ZHIG
4H VELY)
26 66 WRITE(6,63)
27 63 FORMAT (1HO, 'SURJECT TEST IN WEIGHT LLRS OQUT MINUT=S?,
1*  MEAN WGT KG  HEIGHT M AREA M#%2 WG LNSS G/H WG L G/HSM2Y,
2V KCAL/H/M#x2  WATT/M#s29/)
2R GO 10 3 -
29 100 sTOP
a0 END

SENTRY
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ABSTRACT

The object of this investigation was to obtain Information on the
human physiological and subjective response related to comfort under
varying localized draft and ambilent temperatures. This response resulted
from exposure to a localized draft of two different velocities impinging on
the fofehead, each at two ambient temperature conditiona.

The investigation was conducted at the Institute for Environmental
Research, Kansas State University. Sixteen subjects (8 female and 8 male)
were used and each participated in six tests, the first two of which were
used to find each subjeét‘s "comfort temperature." In the last four tests
the subjects were exposed to two localized drafts (velocities of 100 and
QOO fpm) impinging on the subject's forehead, and two'fixed ambient temper-
atures (3.3 °F above and below their comfort temperature).

Each exposure lasted 2% hours, of which observations from the last two
hours were used in the analysis. The subjects wore the standard KSU uniform
(0.6 clo), and were tested at a sedentary activity level. The chamber venti-
lation rate was 125 changes per hour and the average air velocity in the
chamber was less than 25 fpm., The room dry bulb temperature was maintained
within * 0.3 °F of set point and wall temperature was always equal to air
temperature. Relative humidity was maintained at 50%.

It was found that the subjecta' feelings of comfort cannot be satisfied
by adjusting the temperature of an alr stream impinging locally on their
foreheads. There was found to be no significant difference in desired mean
draft temperature for the two velocity levels at either of the two temper-
ature levels, The draft threshold levels to maintain comfort was found to
be a function of the draft velocity. A correlation was found hetween desired
mean draft temperature as a function of the subject's comfort temperature

and the actual ambient temperature.
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