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annual and semi-annual meetings, etc. All these activities are in their area of technical expertisg.
They typically identify technical gaps that need to be filled, initiate a work statement for a
research project, evaluate proposals that come in response to a request for proposal, and then
monitor the work of the selected contractor until the project is completed. Projects are some-
times approved based on unsolicited proposals that are not initiated by the technical committees;
however, this makes up only 5% of the program.

In the currentresearch program, there are approximately 100 active projects, Large efforts are
being devoted to indoor air quality (IAQ), refrigerants and refrigeration topics, and other issues
of continuing importance such as energy conservation. For example, projects are underway to
research operation and maintenance practices that affect IAQ in office buildings, determine how
to use living microorganisms to scrub unwanted volatile organic compounds from building air-
streams, determine how to treat air filters to get rid of unwanted microorganisms, determine
water solubility of refrigerant blends, develop corrosion data on new refrigerant and lubricant
mixtures, and determine the effect of oil on heat transfer in flooded evaporators using new
refrigerants. Research projects such as these will pay great dividends in the years to come, just
as others have done in the past.

ASHRAE has always devoted great efforts to disseminate technical information and the
results of research to its membership. Starting at the beginning in 1895, we have continually
published the ASHRAE Transactions from both our annual and semi-annual meetings. In the
early 1920s, the ASHVE Guide was developed to include the latest and best design procedures
and data for our members. That book has now evolved into our four-volume ASHRAE Hand-
book. The Society also publishes the monthly ASHRAE Journal, numerous special publications,
and proceedings of every specialty conference that we hold.

ASHRAE took another great step forward in 1994 with the decision to publish this, the Inter-
national Journal of HVAC&R Research. 1t is truly the archival journal of our field. I congratu-
late Ray Cohen, its editor, and his ten associate editors for a magnificent job in launching this
journal. The quality of the SO some research papers that have appeared in print over these nearly
three years have been exceptional. I look forward to a more widely distributed journal in the
years to come as its reputation grows and spreads throughout the world.
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Airflow Around a Passenger Seated in a Bus

E.Z.E, Conceicao M.C.G. Silva

ASHRAE Member

D.X. Viegas

The thermal comfort conditions perceived by the occupants of a bus during a typical summer are
evaluated through the mapping of the flow field in the zone occupied by passengers, in terms of
mean air velocity, turbulence intensity, and temperature,

A full scale bus section was used in laboratory tests, with the passenger presence simulated by
a thermally-regulated mannequin and the solar radiation by a panel of lamps with a spectrum
similar to that of the sun. Given the symmetry of the vehicle, the only situations reproduced were
those where the vehicle was subjected to radiation from the left-hand side.

Measurements were performed both with and without a passenger seated in the window seat
and in the aisle seat. [n each case, two situations were considered, one with the solar protection
curtains up and the other with them down.

INTRODUCTION

Thermal comfort in passenger buses is an important requirement for both users and designers.
Usually, thermal comfort can be obtained using heating systems, cooling systems and/or forced
air systems, that are installed in the buses. The comfort conditions for an indoor situation are
established by ventilation standards, namely ISO 7730, ASHRAE 55-1992 and more recently by
CENprENV 1752.

The thermal comfort depends on two individual parameters (the clothing level and the activity
level) and on four ambient parameters (the mean air temperature, the mean radiant temperature,
the mean air velocity and the relative humidity in the air). Fanger (1972) developed a general
equation for thermal comfort, using these six parameters, with the aim of estimating acceptable
thermal comfort conditions. This theory, presented also in ISO 7730, introduced two new indi-
ces: the Predicted Mean Vote (PMV) and the Predicted Percentage of Dissatisfied (PPD). For
acceptable thermal comfort conditions the PMV changes within a range of 0.5 (PPD < 10%).

Thermal comfort in vehicles has been studied by Olesen (1989) and Olesen and Rosendahl
(1990). However, if good knowledge of the air distribution is required as a step to the develop-
ment of a new design or to improve an existing one, the velocity field in the studied domain
should be well know. Some examples of this kind of study can be found in Temming and Hucho
(1979), Han (1989), and Klemp et al. (1991). Asakai and Sakai (1974), Chang and Gonzalez
(1993), and Melikov et al. (1994) analyzed the flow around the occupants in detail.

The objective of this study was to characterize the flow field around bus passengers and to
evaluate the thermal comfort conditions perceived by the occupants of this kind of vehicle. The
work was done using a full scale bus section, in the laboratory. A Summer situation was repro-
duced, in which the bus was subjected to the solar radiation from the left side.

EXPERIMENTAL SETUP

The measurements were carried out using a full-scale sectional module of the passenger com-
partment of an intercity bus. The module was 2 m long, with two rows of seats, and was built
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Figure 1. Full scale bus laboratory section

with all the construction details of a real bus (Figure 1). Air was introduced in the compartment
through nozzles placed in the ducts over the seats.

An air conditioner and two centrifugal fans of the type commonly used in the automotive
industry, driven by DC Motors, were used to blow air into the ducts. The air conditioner was
placed above the module structure. It had a maximum power of 4410 W (heating and cooling)
and a maximum air flow of 570 m3/h. During these tests the air at the nozzle exits had a constant
temperature of 19°C. The power supply of the DC motors was regulated in order to obtain an air
velocity of 6 m/s at the outlet, which was in the order of the mean value measured in a real bus.
Particular care was taken with the duct system in order to have the same conditions in the vari-
ous jets and to ensure the flow symmetry in the passenger compartment.

The sun was simulated by a group of 28 dichroic lamps, each with a power of 150 W. The
radiation in the windows surface was almost uniform, with an intensity of 700 W/m?, which is
approximately the maximum radiation on a vertical surface during a typical summer day (in a
temperate climate).

“Maria”, the thermal-mannequin used to simulate the presence of a passenger, was 1.68 m tall
and divided in 16 sections. The mannequin was made at the Technical University of Denmark
(Madsen et al. 1986). The skin temperature of each section was uniform and similar to that of a
standard person in thermal comfort (32-37°C, depending on the section). A more detailed
description of test conditions concerning the mannequin can be found in Conceigao et al (1996)

Air temperature and air velocity measurements were performed with a muitichannel flow ana-
lyzer. A comb-shaped device was used, comprising six probes, equally spaced along a line, at
100 mm intervals. This was connected to a manual three-axes traversing mechanism. Different

Table 1. Nomenclature of Measuring Planes

Curtains
Up (U) Down (D)
Measuring Plane Location

Mannequin Horizontal (H) Vertical (V) Horfzontal (H) Vertical (V)
Absent AUH AUV ADH ADV
Side (8) Frontal (F) Side (S) Frontal (F)
Corridor seat CUS CUF CDS CDF
Window seat WwWuUS WUF WDS WDF

measuring planes were mapped inside the bus module, in terms of velocity, turbulence intensity,
and temperature.

Three possibilities were considered, with respect to the positioning of the passenger: (1)
absent, (2) seated beside the window, or (3) seated in the aisle seat. In each one of these situa-
tions, the solar protection curtains were placed first up and then down, Because two measuring
planes were mapped in each case, a total of 12 planes were covered, as described in Table .

The measuring grids, considered for situations AUH, AUV, ADH and ADV, are shown in the
Figure 1. Measurements were performed in two grids, one vertical with 9 X 12 points, at
100 mm intervals, and one horizontal, with 17 X 12 points, at 50 mm intervals. The first one
contained the two jets axes and started just below the nozzle exits. The second was in a horizon-
tal plane, placed 1.1 m above the floor level, in the passengers breathing area (i.e. near the head).

The measuring grids used for the other situations are depicted in the Figures 2 and 3. All these
grids were vertical with intervals of 5 cm between points. Two grids were used, one just in front
of the mannequin, in a longitudinal plane, and another over the empty seat beside the manne-
quin, in a transversal plane.

LSVP9x24 [Lsvp9xd]
|
FVP 8x2
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[RSVP 14 lFH
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Figure 2. Measuring planes when
passenger seated in corridor seat

Figure 3. Measuring planes when
passenger seated in window seat
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RESULTS AND DISCUSSION
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for cases (a) AUV and (b) ADV values appeared in the points with almost zero velocity, if the common expression was used.
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Figure 9. Horizontal plane (HP 17 X 12) temperature isolines (°C)
for cases (a) AUH and (b) ADH
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Figure 10. Horizontal plane (HP 17 X 12) turbulence intensity isolines
for cases (a) AUH and (b) ADH

At each point of the measuring grids, the PPD values were calculated using the measured val-
ues of air velocity and temperature in the thermal comfort equation presented in ISO 1730. In
the calculation the following values were considered: activity level = 1 met, clothing insulation
value = 0.7 clo, water vapor pressure = 1500 Pa, mean radiant temperature = 46°C (curtains up)
and 29°C (curtains down). The assumed values for the mean radiant temperature inside the mod-
ule resulted from some preliminary measurements performed with an indoor climate analyser.
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Figure 11. Horizontal plane (HP 17 x 12) PPD isolines (%) for cases
(a) AUH and (b) ADH

In all situations studied, most of the occupied zones had air’ velocities between 0.2 and
0.7 m/s. Only a very localized peak, over 0.7 m/s, occurred in the jet core region at the level of
the passenger's head.

The flow topology is similar in cases AUV and ADV. However, a difference in the behavior
of the jet beside the window can be found in each of the two situations. The jet strikes the win-
dow at an upper level when the curtains are up, presumably because of the opposition of the
upward buoyancy flow induced by the window’s hot surface.

The air temperature values were slightly higher with the curtains up than with the curtains
down. However, the discrepancies found in PPD values were much more due to the differences
in the radiant rather than the air temperature.

In the occupied zone, PPD values when the curtains were raised were in a range from 50% to
100% with positive PMV values. This condition corresponds to a hot, uncomfortable ambient
temperature. On the other hand, when curtains were down, the conditions in most of the occu-
pied zone were comfortable, with very localized areas where PPD exceeded 20%. The higher
PPD values occurring in this situation derived from negative PMV values, corresponding to a
draft sensation caused by the higher velocity zones of the jets.

The remaining figures (Figures 12 through 19) illustrate the measurements obtained with the
passenger presence simulated by the thermal mannequin. Figures 12-15 correspond to planes
CUS, CUF, CDS, and CDF when the passenger was seated in the aisle seat. Figures 16-19 are
related to WUS, WUF, WDS, and WDF when the passenger was in the window seat. The three
maps in each figure show (a) velocity, (b) temperature, and (c) for turbulence intensity.

The resulting comparative analysis of the figures are summarized as follows:

= Air velocity isolines in the CUS and CUF planes showed no significant difference when com-
pared with the isolines obtained in the absence of the mannequin/passenger. The striking area
of the jet on the left side was still in the upper level when the curtains were raised, as was pre-
viously verified.

« The presence of the passenger in aisle seat induced a non-depreciable increase of the temper-
ature level in the adjacent plane (i.e. the unoccupied seat beside the mannequin), mainly when
the curtains were raised. In the CUS plane, the observed temperatures in the occupied zone,

ranged from 27 to 28°C, whereas in the absence of a passenger, values between 23 and 25°C
were measured.
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* A slight thermal stratification phenomenon occurred in all situations studied, with higher tem-
peratures in the higher planes. Nevertheless, a peculiar behavior was found in the WDF plane
with respect to temperature distribution, with very high temperatures (25°C to 34°C) on the
top of the plane. The reason for that was probably a hot up-streaming jet formed in the space
between the window glass and the solar protection curtain that escaped from the upper part of
the window and crossed the measuring plane.

» The turbulence intensity isolines did not seem to be strongly affected by the passenger pres-
ence or by the position of the curtains, the patterns obtained for the same planes in different
situations being similar.

In Table 2 mean values are presented for PPD and PMYV, calculated for planes CUS, CDS,
WUS, and WDS. As is apparent, thermal comfort conditions were reached only in the CDS
plane. In the other three planes conditions were uncomfortable: two of them indicated by posi-
tive PMV values (warm ambient) and one by negative PMV values (cold ambient). The CUS
plane was the most uncomfortable. This CUS plane comprised space over the window seat,
when the passenger was seated in the aisle seat and the curtains were up.

Table 2. Mean Values of PPD and PMV

Plane PMYV PPD( %)
CDS —043 8.9
WDS -1.14 32,5
cus 2.89 97.9
wusS 1.42 46.7

CONCLUSIONS

The flow field in the passenger compartment of a bus was studied, for a typical summer situa-
tion in a temperate climate. A laboratory sectional module was used, both with and without the
presence of a thermal mannequin that was used to simulate a seated person inside the bus. Dif-
ferent situations and measuring planes were considered.

The measured values of velocity and air temperature in most of the space corresponding to the
occupied zone by a seated passenger were found to be within the ranges prescribed by thermal
comfort standards for summer conditions. Nevertheless, comfort conditions were only reached
in one situation, if the evaluation criteria are the PMV and PPD indices.

In the situations corresponding to the solar protection curtains up, the very high radiant tem-
peratures implied positive values of PMV, above comfort levels This resulted in high percent-
ages of dissatisfied people (46.7% from the plane close to the aisle and 97% from the window
side plane).

For the situations in which the curtains were down, in both cases PMV negative values were
registered, but with lower absolute values for the plane over the window seat (CDS plane, where
the passenger was seated in the aisle seat), than for the other plane (WDS). For the CDS plane, the
indices values were in the comfort range (PPD < 10%); while, for the other plane the conditions
beyond comfort levels being on the negative side of PMV, corresponding to a cold sensation.

ACKNOWLEDGMENT

The first author gratefully acknowledges a grant from the Junta National de Investigagdo
Cientlfica e Tecnoldgica (JNICT).

RGN ¢ RSN s o S R - <. 45 e

4w

. WS

VOLUME 3, NUMBER 4, OCTOBER 1997 323

REFERENCES

Asakai, M., and K. Sakai. 1974. Cooling Effect of Car Ventilators. Bulletin of JSAE 6: 75-82.
ASHRAE. 1992. Standard 55-92.Thermal Environmental Conditions for Human Occupancy. Atlanta:
ASHRAE.

CENprENV. 1996. Ventilation for Buildings: Design Criteria for the Indoor Environment. European Stan-
dard 1752.

Chang, S.K.W., andR.R. Gonzalez. 1993. Air Velocity Profiles Around the Human Body. ASHRAE Trans-
actions 99(1): 450-458.

Conceiglo, E.Z.E., M.C.G. Silva, and D.X. Viegas. 1996. Evaluation of the Thermal Comfort Level Per-
ceived by a Passenger in a Bus Compartment. In Proc. of ROOMVENT 96 - Fifth Int. Conference on
Air Distribution in Rooms, Y okohama, Japan, 2: 403-413.

Fanger, P.O. 1972. Thermal Comfort. Copenhagen: Danish Technical Press.

Han, T. 1989. Three-Dimensional Navier Stokes Simulation for Passenger Compartment Cooling. /nt. J of
Vehicle Design 10(2): 175-186.

ISO. 1993. Moderate Thermal Environments—Determination of the PMV and PPD Indices and Specifica-
tion of the Conditions for Thermal Comfort. /nternational Standard 7730. Geneva: ISO.

Klemp, K., H. Herwing, R. Kiel, and G. Wickern. 1991. LDA Measurements in a Model of a Passenger Car
Cabin. Dantec Information Measurements and Analysis. Denmark: Dantec, Skovlunde.

Madsen, T.L., B. Olesen, and K. Reid. 1986. New Methods for Evaluation of the Thermal Environment in
Automotive Vehicles. Thermal Insulation Laboratory. Lyngby: Technical University of Denmark,
Melikov, A.K.,R.S. Arakelian, and L. Halkjaer. 1994. Cooling with Air Jets—Airflow Around the Human

Body. In Proc. of ROOMVENT 94 - Fourth Int. Conference on Air Distribution in Rooms, Krakow,
Poland, 1: 313-327.

Olesen, B.W. 1989. Measurement of Thermal Comfort in Vehicles. Bruel & Kjaer Technical Review.
Naerum, Denmark: Bruel & Kjaer.

Olesen, B.W., and Rosendahl. 1990. Thermal Comfort in Trucks. Internal Report, Laboratory of Heating
and Air Conditioning, Technical University of Denmark.

Temming, J.. and W.H. Hucho. 1979. Passenger-Car Ventilation for Thermal Comfort. In Proc. of SAE
Technical Paper Series.




