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SI.'MMARY

The effectiveriess of air disüibution systems is usually studied in unoccupied æs
chambers. The heat loads from lrumans and equipment are simulated using various
kinds of point or sr¡rface soûoes. This ap'proadr gives satisfactcy remlts, whm the

whole room r¿lues of ventil¡tiqr efiectiveness are studied. It may, however, be less

satisfacto,ry in predicting the çafity of air in the b'rcathing zone. The local values a¡e

of great importance, in developing new E/stems fø individual air distribution in
worþlaces. In this study, a heacd rn¡nikin with afificiÂl hmgs was built and tested.

The manikin hss 24 indiyiù¡al control circuits fq the sr¡¡face lemp€,rature, whidt is
maintained at prÈdefined values. A pison system is connected to the nose of the
ru¡ikin to siúulate breathitrg. Tle æspiratry voh¡me a¡ld rate can be adjused- A
tracer sampling pofu is si¡¡ated st öe rip d 6e æ. I otal yah¡es d vemilatim
effectiveoess parssetcrs at this po'irt c¡a be æs¡red .

The manikin was tested in a labcatry test cbamb€r. There u¡ere signiñcant differences
in the local air exdrange indicatqs in the test cÌramber. The best values ouside the
near-zone were formd at the poins located in the heathing zllne- The use of a manikin
did not have any sigrificant effect on the air exchange efficiencies in the sysem
sh¡died. This q¡as due to the fact thst the heat lod of the manikin was only 18 Vo of the
total heat load. The loc¿l æntami¡ant removzl indicatms were highly dependent on the
placement and magrritudes of convective heat loads" The manikin could simultaneously
be used for injection of üacer and sampling. In the injection, lhe tracer should either be

released into the plume ø through artiñcial lungs. By doing so, the tracer is mixed with
the room air and will not drop 1o the flom due to buqaney. +
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INÏR.ODUCTION

Being able to maintain an acceptable air quality in a restricted area of human occupancy
and allowing lower air quality in other a¡e¿s would lead to sigrificant savings in tems
of investments and energy costs. Dþlacemmt ventilation is a major step towards such
savings. However, there is still much to be gained in ihe field of local ventilation
systems.

Before new air distribution systems make their heåkthrough, they must be thoroughly
tested, first in laboraories, and later in ac'tl¡at field sitr¡atioru. The effectiveness of
various ai¡ distribution systems is usually studid in unoccupied test chambers. The heat
loads from humans and equipment are usally simulated using warious kinds of point or
surface sourses, This approach gives satisfactory results, nhen the whole room values
of ventilation effectiveness 8¡e sh¡died- It may, however, be less satisfactory in
preaicting the quality of ai¡ in the br,eathing zone. The local values of ve¡tilation
effectiv€ness are of great relevance, in developing new Ð¡sterns for individual air
distribution in worþlaces.

In the case of displacement ventilatio¡1, the simulation of convective heat loads in the
room is very important In this study, a heated manikin with artificial lungs was built
and æsted- The manikin can simultaneously be used to measure local vmtilation
effectiveness and to evaluate of thernral comfør

TTIE MANIKIN

The manikin is a male, size 50. Il ltas Zl individual cpntr,ol circr¡ir for surface
lemp€rah¡re. The surface temp€ratures are mÂintained at pre{efined set-points using on-
off coritrol with I s conüol inten¡sls. The sef-poins of each part of the body can be
adjusted within the range of 31oC - 35oC.



mole, size 50, 24 controlcircuits

moximum heqtino
poweris250WnP

the temperoture of eoch
porl con be odjusted within
theronge 31-35'C

bipolor resistonce wire
is tsed for heoting

the heod is split into three
control circuîts

o point for trocer gos
injection ond sompling
qt the tip of the nose

joints in the elbow,
removoble honds
ond feet

four control circuits
in the bock

seporqte hips ond legs for
slonding ond sitting position

lwo confiolcircuits for onkles

or¡otf control,
intervol 1 s

temperoture meosurement
using Ni-100 wires

occurocy of temperoture
meosurement 0.05 oC.

control occurocy 0,1 "C
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Fig. l. The manikin

A piston system is cor¡nected to the nose of fhe manikin to simulate breathing. The
relpiratory volume can be adjusted bets'een G2 L The breathing r:¡te can be \¡üied
between 5-50 times per minuæ. Between 5 and l0 l/min, the motor runs at l0 l/min,
while a magnetic clutch so'ps the piston movemerit fr predefined intervals. A tracer
injection t¡be can be connecæd to the heathing hæa A tracer sampling point is
situated at the tip of the nose. This point is used to study the erposure to fresh ai¡ and
contamirunts. l.ocal r¡alues of the verrtilation effectiveness parameters can be measu¡ed
using this point A standard trac€r g¡s it¡struneil with a channel selector and two IR-
analfzers is conr¡ected to the sysæm. In the measÍements described in this paper,
carbon dioxide was used to simulate the movementsof the contaminant, and Refrigerant
12 was used to tr¡ce the fresh air.
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MEASTJRING I]OCAL VENTILATION EFFECTIyENESS

Basic Concepts

be the appropriate tool fø evaluating vmtilation systems. However, each contaminant
has different properties, which means that coritaminant r€moval effective¡ress can not be

properties of ú¡e contaminants in situ a¡e known.

The Ability of ¡ Ventilation System to Deliver Fresh Air

venrilation sylem
the volume of lhe
The nominal time

The air+xchanee efficiericv G.) describes the replacement of room air vith fresh air
compared to an ideal (piston) flow pattern, and it is calcutated as follows [2]:

e,-lQQ\J(l+1a¡1, (l)

where to = nominal time cor¡stant, and <f>= ¡oom mean age of air.

The local air-exchange indicatø (q) is defined as the system's average nominal time
constant divided by the local age of air at a poinr [3]:

q=100+r/É e)

whete rn = the system's average nominat time constant, and t, = lhe local age of air
at a point
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The Ability of a Ventilation System to Remove Contaminants

contaminant-femoval'effectivmess(9)isthe'nomirlaltimeconstantdividedbythe
actual tumover time (the ffi-tg" 

"i;ontaminants 
in the exluust) [3]:

e= 1oo+r"/t, 
(3)

where rn = the sysæm's average nominal time constafit' and t' = the turnover time of

the contaminanl

With a co¡rsønt airflow, Equation 3 can be exp'ressed as follows [1]:

e= 100*C.(-)/<C(-)' 
(4)

where C.(-) = the steady-state concentration .in the exhaust' and <C(-)>= the

;;'1"-;ï averìage seadyåæ concerrtration in the sysem'

,1"åY#"*tiffî;:ffiJ,ff"
%= 100*C.(-)/Cr(-)

where C-(-) = the steady-state coÁcentration at a point (room)' and C'(-) = the steady-

søte coíce¡tration in the exhaust

THE MEASTJR.EMENTS

The Test Room

as sl¡own nHig' 2' The floor area of the

lacement ventilation system was used' The

) x ll00 mm (h)' Several heat loads were

the cooling load' The total effect of these

rvosetsof :"Hdätc,ffHffiitr;
The purpose shows the experirnental set-up
whole room
of these measurernents'

(s)
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Fig' 2' The test room and the rocation of úe insnrme¡rts in the first sel ofmeasufemefits.

Table l. The oçerinrental ,A-qp with a standing r¡aniktr.

Meas # Orienatiø¡ Heating Breathing AT (K) r. ft) e, (Vo)

56
56
58
58
s8
57
58
56
55

0-20
0.21
0.22
0-22
0.27
0.2L
0-2t
0.22
0.21

1.1
7.2
1.3
1.4
1.5
7.6
7.7
1.8
1.9

wall
wall
cãll
inlet
inlet
inlet
inlet
table
table

ON
OFF
ON
ON
OFF
ON
OFF
ON
ON

ON
ON
OFF
ON
ON
OFF
OFF
OFF
OFF

4.2
4.t
4.7
4.7
3.8
4.2
3.8
4.8
4.5
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Fig. 3. The test ¡ü)m and the location of the instn¡ments in the second set of
measl¡rements. Experimental desigr adapted from [a].

The second set of measurements was made using the manikin in sitting position. The
main purpose of these measurements was to compare the local values of ventilation
effectiveness with those of a test persotr.

Table 2. The experime¡tal set-up with a sitting manikin and a test person.

Meas # Test Person Heating Breathing AT (K) r" (h) e, (Vol

NO
YES
YES

' No carbon dioxide injection-
tHeat loads on the table OFF.

orf
2.7
2.2
2.3

ONON
ON
ON

4.I
4.1
2.gr

68
53
54

peßon monikin

3 (1.25 rn) 1 (1.25 m)

I (1.25 I (1.25rn)
5 (2.0 m)
+ {o.s m{f

++ oir inlet

100 w 11 (1.25 rrù 100 W

2
2??

(2.0 m) 12(1.25 m) 6 (2.0 m)

exhoust

oñ

0.25
0.17
0.18
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TIIE EFFDCTS OF TTIE MANIKIN oN TTIE FIJow FIELD IN TITE RooM

AinExcha4ge EfFciency

I-ocal AinExcharge Indicators

needed to esablish this- Movemer¡t and other dis¡¡rbances may, of ooü¡se, alter the
situation.

Table 3. The effect using rnanikin on local air+xchange indicat@s.

Measurement
Point

Heating ON
Breathing ON

Heating ON Heating OFF
Brcathing OFF Breathíng ON

4
11

7
5

(nose)
(neck)

0.94

(reference) 0.84

r.13
7.?Å
1.01
0.81

0.98
7.25
0.86
t.45

1.r5
1.30
l.t2
0.89

0.88
0.8ó
0.82
t.37

1.11
t.29
I.74
0.93

(near

1.13

t-40zone)

2 (to'p left)
3 (mid left)
6 (bottom left)
8 (mid righ0
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Local Contami¡rant Removal l¡rdicators

simulator should be used-

The manikin had a sigti
room. Mqe studies are

manikin. However, it is
field of p€rsons in a room.

Table 4. The effect of using msnikin on local contaminant removal indicators.

r77

Fig. 4. The local air+xchange indicators (to'p value) and local contami¡¡ant removal

Measu¡ement
Point

Heating ON
Breathing ON

Heating ON Heating OFF

Breathing OFF Breathing ON
Heating OFF
BreathingOFF

4 (nose)

11 (neck)

7 (reference)

5 (near zone)

2 (to'p left)
3 (mid left)
6 (bottom left)
8 (mid ri8¡t)

0.60
0.45
l.ø
1.y

0.29
o.82
0.89
1.16

0.87
0.93
0.94
0.48

0.95
0.83
0.84
t.u

0.97
1.04
1.05
L.57

L.20
r.15
1.08
7.29

7-37
1.22
t.27
1.06

1.22
1.15
1.1 I
0-74

2

1.05
1.52

I
0.93
9.85

2.2

1.06

2.3

1 0.97
2.18 ..

o.98

. 0.81 o

1.09
0.

0.90 ?
1.81

I t.ss
1.88

.s.d

1.09

121
1.41a

1.41
2.08

tr

Sl

1.01
1.70 a $Þ^

1.00
1.71

,/.
o

a
'0.99

13.65

a

0.98
1.22

0.97
1.13 0

a

1.O5

0.93

1

1.4

1.æ
0.91

1

i
ôì

1.16
. 0.72 o 1.41

1.æ
0.93

1-32.
1.09
0.æ

1.10
¡1

1

1.45
2.41

indicators ftotom value) in the second set of measu¡ements.
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COMPARISON OF THE MANIKIN AND TTIE TBST PERSON

The local values of the ve'ntilation effectiveness indicators in the second set of
measurements are shown in Fig. 4. Measr¡rement 2.1 is the reference case. It can be

seel that the fresh air e¡tcrs the manikin's breathing zone faster than the point wilhout
the manikin on the o'pposiæ side (1.09 h vs 0.90 h). The c¿rbon dioxide spread from the

manikin rises to ceiling level and into the exhaust.

ln meas¡rement 2.2,the heat load on the left-side chair was rçlaced wilh a lest person.

Should the conveqtive flows on both sides now be equivalmt, the local airtxchange
indicators would have similar values. This is clearly not the case. The values on the

right side (0.83 and 1.02) a¡e somewhat lower than the values on the othef side (1.21

and 1.09). The difference was even møe significant in measr¡rement 2.3, where the heat

loads on the table were tr¡rned off. A more detâild look at fhe heat effect gives some

heat effect of tlrc
heat effect of the test
be 130-140 W. The

seems to override that of the manikin, and zuck most of the fresh air.

The carton dioxide exhaled by the test person rises to the ceiling level and flows to the

exhaust Due to the high convective effect, part of the flow nrns down the opposite

wall and deteriorates the quality of the air in the middle of the room (1.70 in meas. 2.1

vs. 0.93 and 0.86 in meas. 2.2 aurtd 2.3), as well. The manikin's exposne to the

contaminants released from another person in the room is negligible (5.86 and 5.97).

For a sitting p€rson, the age of the air in the breathing zo¡e (l-ZL,1.09; and 1.32, l.4l)
was almoslas low as at the point 0.5 m above the floor in front of rhe inlet (1.41 and

1.45). There werre no consistent differrences bet*'ee¡r the face side and the neck side.

DISCUSSION

A breathing manikin was built and æsted in a test room. The manikin could

simultaneously be used for tracer injection and sampling. In the injection, lìe tzrcer

should either be released into the plume or thfough artificial lungs. By doing so, the

tracer is mixed with the room air a¡rd will not dfoP Ûo the floor due to buoyancy.

In the displacernent air distribution system sû¡did, the m¡nikin had sigrrificant effects

on the local values. However, the manikin had little effect on the air+xchange

qf Ëe
vatues
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