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CORRELATION OF RESIDUAL VELOCITY
WITH THROW AND TERMINAL VELOCITY
FROM A LOUVER-FACED
UNIDIRECTIONAL DIFFUSER

HIH. YDUSOUﬂan: P.EI
Member ASHRAE

ABSTRACT

The central thesis of this paper is the stated importance
of predicting the residual air velacity in the microenviron-
ment of an occupant served by a ceiling-mounted air
diffuser obtaining horizomal airflow along the ceiling.
Experimemial data are presented for a unidirectional,
louver-faced, ceiling-mounted diffuser supplying air to a
room under isothermal test conditions. Test data cor-
relasting residual air velocity with terminal air velocity are
given for five different arrangements of furnishings in the
zone of occupancy that correspond to typical conditions
encountered in practice.

The correlation of residual air velocity with terminal
air velocity corresponds with a new definition of throw.
Throw is defined as the horizontal distance from the ceiling
diffuser to a wall that intercepts the air trajectory, wherein
the terminal air velocity is measured at the wall 5 feet
(1.52 m) above the floor.

At any specified value of residual velocity in the zone
of occupancy, it is demonstrated that the corresponding
value of terminal velocity is a variable with respect to the
throw of the diffuser. For a relatively short throw, such as
5 ft (1.52 m), the allowable rerminal velocity is in excess
of 100 fpm (0.51 m/s) and approaches 200 fpm (1.02 m/s),
depending upon the arrangement of furnishings in the
room. At throw values in excess of 20 fi (6.1 m), the
allowable terminal velocity is only marginally greater than
the specified value of residual velocity in the zone of
occupancy.

Should diffuser throw versus terminal velocity on the
wall be available, the data presented in this paper would
enable a designer of room air distribution systems to
quantify residual air motion in the occupied zone. A
predictable residual air velocity could enhance the purging
of bioemissions and control of the temperature fieid in the
microenvironmeni. In a variable-air-volume system, the
lower limit of air supply could, effectively, be specified.

INTRODUCTION
Overview

One of the purposes of room air distribution is to
cause air movement about the occupant so as to purge

" bioemissions and to offset sensible and latent heat loads

emanating in the microenvironmemt of the occupant.

If the direct flow of conditioned air to the microen-
vironment of an occupant effects less than the above-stated
ideal, one can postulate situations wherein the occupant
would be in a region characterized by large-scale eddies or
with no air movement at all. These two unscceptable
conditions often arise in variable-air-volume (VAYV)
systems of air distribution. VAV, by definition, is a
process wherein the rate of air delivery is reduced from a
design/maximum value in response to a diminished thermal
load. We may, therefore, define a marginal rate of air
delivery as one that produces unacceptable conditions in the
microenvironment of an occupant at the reduced flow.

This' paper addresses the need to characterize in a
quantifiable way adequate, marginal, or unacceptable air
conditions utilizing residual air velocity or speed in the
microenvironment.

Residual Air Velocity, Vr

Residual air velocity is the air velocity at any defined
location in the zone of occupancy. The specification of an
upper limit for residual air velocity is givea as 50 fpm
(0.25 m/s) in ASHRAE (1989) and as high as 70 fpm (0.36
m/s) in evaluating the air diffusion performance index
(ADPI) (ADC 1984; ASHRAE 1990). It is important to
note that the specification on an upper value for residual air
velocity is a limiting condition and any specific value lower
than the upper limiting value is not specified.

Critical Subzones

A critical subzone would be a location in the microen-
vironment of an occupant where a high residual air velocity
would be characterized as a draft or where a low, pre-
scribed value of residual air velocity would be required.

In defining a critical subzone, it has been assumed that
room air distribution would be effected by a ceiling-
mounted diffuser wherein both the flow of the original,
primary, air supply and the entrained air supply would
maintain contact with the ceiling. Should a sufficient
quantity of air be supplied to maintain flow along the
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Figure 1 :Case No. 1, desk centered and flush agaum

farwall. @S5 p(1.52.m) abowﬁoarasfar-
" wall_where maximum terminal Velocity is
) ﬁmnd @® on top:front of deskin line with &

i w0\ e s,
cmlmg. the airstream.will then-continue aleng the surface
of any intercepting barrier, such as a wall.: This phenom-
enon is well recognized and reported extensively in the
technical literature tel J‘uve 1955; Rmnu}mn..et
al. 1959) and cbnm e exercises in malhemaucsl
modelmg ielsgn et al. 1978; Fang and

g a range Of residual air
microenvironment would be, in the author’s opinion, a
more reliable quantifier. of room air dlsmhuuon than
mhaucequcommon “mlpsot'thumb ** such "?F'Ew‘ of air
change, -flow rate per umt of floor area, etc. . ’

A specific, critical, subzone in the mxcroenwronment,
point B; .may Ige dﬁlﬂbﬂﬁd as indicated in \Figu
through 5, thus defining the critical subzone “an
upper and lower limit of the yalue of j,lmnmﬁuiuql, velocity
(Vi) could be specified for the microenyironment, Point B,
in Figureg:1 through 5 deﬁms.the lggation ¢ of fha critical .
subzone, mCaaps 1 thmugh V, Hspgc;ngy o

weropt
SO b Tl WAV U1 S 1 T S ™ 1|
Tarmmal Aar Ve]o;utv, ©3 b wite S L. eft e

R

After many decades.of research on air jets and cg;h-ng

d:ﬂ’usus culmmatmg .in ASHRAE, | Standard 70-72 (AS§:,
HRAE l972) and the ADC test code (ADC 1984), 4151“( St
and terminal veloc:ty (typically at the ceiling) have become
the parameters used to characterize diffuser performance.
In this paper, thmiimmuﬂvo!ocnyoftheurmpplwdnt
a location 5-ft abové-the floor is- the reference velocity
shown in Figure 6 and is defined by the parameters
indicated therein. Typically;~ the maximom value of Wt
occurs within 1 in. (2.5 cm) of the sm:faqp of the wall, -

METHODOLOGY
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Basis of Corrsiating Vr vs. V¢

In an earlier mvest|gatton Y ousouﬁan 1992) indepen-
dent of the present effort, lt Wwas estabhshed I.Int“
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50-fpim 10 75 fpm (0.25 m/s to 6:38.m/s) would.geed o be
cotrelatud with; a corresponding valus:of ¥¢; which would:
becof greatermignitude yot to;be detopminedJt was,left to
the results of the experimental investigatian o2 -a.scettam the
physical parameters that would affect the correlation of V¢
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Figure 4 " Case No. 1V, desk and window:sill centered

on far wall, desk 1 ft (0.3 m) from sill; @5 fi

- ~(#:52-m) above floor on far wall where maxi-

~ﬁ@_!m verminal velgeity is found, @ on rop-
~froni-of desk in-line-with-@). ~—="7"

The ceiling was composed of 2-ft by 4-ft (0.61-m by
1.22-m) acoustical tile panels supported on a T-bar grid to
present a smooth surface typical of a ceiling in a commer-
cial setting. One wall of the room, parallel to the direction
of flow, was composed of the plaster wall of the building
proper. The remaining three - walls-were composed of flat
plywood panels with wood furring strips to maintain a flat
plane and to. facmm,lmmng one panel to the next. In this
manner, flat surfaces were presented. inside the test room.

The far wall, where the terminal velocity was record-
ed, could be moved as far.as 20.ft from the diffuser while
maintaining the integrity of the six boundanes of the room.
The variolis Vétical and b joiats formed by buttihy-
the walls and' cdthng agairist one another Wete not sealed.
The cefffng did;’ howevﬁ? ‘rest’” settirely “oh the walls,
especially the far wall, which defiled"the’ extent of the
throw. Furthermore, the ceiling-wall joint at the far wall
was ‘inspected. visuallysand by means of a ;smake,gup.to.
ensure-ho/mieasurable airflow above.the-location of Vz. All,
tests were ‘conducted in a'room:with:arfined ceiling height,.
of' 9 ft (2:74 m) and a width of 10 ft'(3:0 m); A indicated-
in Figure 67 air supplied to the.room was returned through..
aﬁbpéudomyaﬂjmtwdhmwgumdmwm

ce:hng-mounted‘dif diffusér e Naromse L o ey s
T a an ash l.:.:'.q S*me‘“( Lo ni--
Air Dnﬂusars and Air Supply Svstam 0

The source of the primary air supply was ineoduced:
into the room through a unidirectional louver-faced ceiling

diffuser. A-fan; calibrated for the rate of airflow, supplied

a lagge duct, as shown in-Figure 7, from which air was

issued through a louver-faced diffuser.mountgd, flush in.the
ceiling.
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A ‘majo éffort Was ‘devoted to' equalizing the d‘r
val&clty using %n ‘4djustable mull.’iplewaned gtid to equalize™ -
the ‘rate of airflow dbd? the reck area of'the diffdser. ‘A
hot-wire anemomett Was%inpldyed. to. teasure aifvélaeizv?
ties issuing from the louvers of the diffuser, and the vanes
of the grid were adjusted to con‘ect\’ftﬁ’&ﬂancdr as' théye ™
were dlseovered

The rdté &F auﬂd\ﬁ'““i&m'ﬁg fromh a diffiser’ Was
coritrolled by & movablé“scrbll that . forméd the- ’lﬁﬂer
bmi‘u‘u’aly of'the voluto of the' fan ventset In this manner,”
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PLYWOOD DUCT 100 fpm (0.51 m/s) for each case. Values of W, Vr, and

throw were recorded for each case (I, II, . . .). The flow
rate to the neck of the diffuser was varied between a low
value of 200 fpm (1.02 m/s) and a high value of 800 fpm
i 7.44.06 m/s).
Zim] it 1 WY - As:thextelting progressed with the far wall at 5 feet
ir; 1:--and.on, successively, to 20 Teet, it béCang Hecessary 1o use™—
C_LOGATION-OF - larger diffusers ifh-Srder to obtain the required langer; »
DIFFUSERTO BE 32 thyow. At a throw of 15 T (4.57 m), the experiment was —

/ 4ft (1.22m)

To.5f 0.15m)

repeated usingrdiffusers of two different phygica| dimens..,
sions. For' eadlf caise 'thére are two sets of datacpresspondzz

ing to & givan éorrelafidh of Vr vs. V¢ for 15-ft (4.51-m)
throw. All of the test data are listed in Table 1.

TEST RESULTS AND CONCLUSIONS

thenrﬂowmteoouldbesettog'lngaluemd if pos-
sible, at or somewhat lower than 50 fpm (0.25 m/s) at the
point where the maximum resldunlmveloclty, Vr, was to
be recorded.

L i

Calibration of Anemometer ~
vt BE TR At
A hot-wire anemometer was used‘ﬁ)t all measurements
of terminal velocity and residual*air velocity. The calibra-
tion of the anemometer was verified daily.over.the entire
usable range of approximately 50 “fpm (0.25:m/s) to 250
fpm (1.27 mv/s) for terminal and residual air velocities.

~— @atibration- was -undertaken-in the 18-in.-diameter
wingd tunnel that" -

(0.46.m) working section of a low-
had been calibrated for flow by %pl smuc be traverse
of a high-velocity section usisg: a: P@tndll- null-type
micromanometer with pure methyl alcohol. Inches of
alcohol column could be measuted * % an-“dccuracy of
1/1000 in. (0.025 mm) for the fIl.nd w lﬁl.d a specific
gravity of 0.79 to 0.80 at test conditions.

Veloclty variation at the test section had beéén extens

sively inVestigated by use of the totswire asemometer o

correct for a slight deviation in ‘veloc:tj proﬂle over the
diameter of the working section.”

Test Procedure ,:;..z-' m

m“x—precwng—mbseeﬂen«uw hypolhesund._tha&_h___(.

i d

test-—--ﬁu—ﬁﬂﬂa-lhﬂ preceding curves. genmm_hy_mueat_m

throw and the furnishings in the occupied zone would be
thesphysical parameters affecting  VF; Ay
room was arranged with the far wall, pnwlup!thwasto
be measured, placed at successive distances of 3,710, 15,

and 20 feet from a louver-faced diffuser.

At each placement of the far wall, the fumnishings in
the room were arranged sm:eessively, as shown in Figures
1 through 5. For each case (I, II, .) the flow rate
through the diffuser was set at successive valuas that would
yield a residual velocity at the control point at or lower
than about 50 fpm (0.25 m/s) to values of Vr approaching

Dt e —

SRS
AN

““*Pprocedure. 10, thgnd-izo Test Data

(22.,2% .1 2321
L ZENOR 20 TGt
The raw: test data of: Vr vs. Wwemploi o rectan-"

gular coordinates for each value of throw, as shown (in
normalized curves) in Figure 8. Based on the shape of the
resulting curves, it was assumed to have the form

NS | ", B § e

and, wcordmgl?, would result in a straight line on log-log
graph pnper ‘Furthermore, it is reasonable to assime that
at very lnrge 'valies ‘of Vr and Vt, considering the close
physical proximity of Vr and V%, the two values would be
nearly the same. This is evident in Figure 11 at a throw of
30 ft (9 m), wherein V¢ is seen to be rapidly converging to

......

The agtual test data had a lower limit of Vr of 25 toSO
fpm (0.1340 0.25 m/s)-and an upper limit of 200 fpm (1.0 ~
m/s). Using two-cyclélog-log paper, the coordinates were
designated having a scale of 10 - 100 - 1,000 fpm (0.05 -
0.5 - 5.1 m/s). The coordinate V¢ = Vr = 1,000 fpm (5.1
m/s) was assumed to be sufficiently large to correspond to

g a_coincidence of Vi and V¢ as postulated above. Accor-

dmgly,mthenormhm:onofthetestdam each case
proceeded{mthofb!lb\mn er.,. " -
P Sx i 2

1. On two-cycla'log-log graph paper, the raw data of V¢

vs. Vr were plotted and, using Vt = Vr = 1,000 fpm

(5.1 m/s) as a focal point, radial lines were drawn to

intercept the test data by a visual method of averages

-k Fige i

B abﬁ{, A

- o
=

.-1';'_'

LS o Daie

‘at “sidcassive constant values of Vi = -36°fpm (0.15

e - mf8);-50-fpm-(0-25-m/s), 70 fpm (0.36-m/s),- 100 fpm.

(0.51 nv/s), and 180 fpm (0.91 m/s), values of T and
Ve were noted and plotted on log-log graph paper. In
drawing the family of curves, it was postulated that all
values of Vr would converge to a common value of T
at Vv = 1,000 fpm (5.1 m!s)(ﬂlusmtedforCasaI
Figure 10).

3. Using the curves generated in the preceding plot of log
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The final represmtahou of ithe tegt- @lq,(lﬂ- a.-por- |oc_
malized curve of :T'vs. V¢ faeceach of the ﬁva,%,ls
shown.in Figure 12. Using Case I gs am example, Figure
11 contaifis a family of, curves of 5T vs. W for variouss .
values:of.\Vr to demonstrate an amplification .of . the, test
data,: The contents of these Awa figures.are discussed
below: ¥, AoOb ALY 1) Tl ¥y i e
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1. It is evident (and logical in retrospect) that the al-
lowable terminal velocity would be a variable with 10
respect to throw to achieve a specific residual velocity
in the microenvironment. S
2. For any given value of residual-velocity,the terminal
velocity rapidly approaches the value of the residual
veloc:tyasthathm\vexceedsm ﬁ(9 lm), asseen in

Figure 11. Ty T T
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these limited tests, one could postulate the following,
subject to more extensive ttstiﬂz ‘andfor- compwtntmml e - 7 o
analysis: e et *_,,,_8?\4 T

3. Having correlated Vr as a function of W nnd{}'f;hei"’"" TR ey
empirical curves of:hevgnmmyapﬂ;b%&my— | [ .

unidirectional louver-faced. diffuser irrespective of |
design variations, so long as__the maximum value of V¢ '
coincides with both the geometric centerline of the - 100 LOG V, fmin 1000

diffuser and the actual flow path.— = e e e o
4. InasmuchasﬁrslocaledSﬂ:(l52m)fromlheﬂoor, = '

if a ceiling height greater than 9 ft (2. 44 ) ‘were ' Figupe;10  Case .

employed, the value of V¢ correlated in the curves, . -
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of V¢ corresponding to a given value of Tand Vr. > caali M s i

For each case, at 15 ft (4:.57 m), two sets of data were
obtained wherein the identical rate of airflow was set
for each pair of data. In each case,, a: diffuser with
neck sizes of 3 in. by 48 in. (7/6 cm by 122 cm) and
6 in. by 24 in. (15:2°¢mi by 61 cni) was enipioyed. -
These two sizes obtain, respectively; a 16:1 and a'4:1
ratio of length to w:dth; It coyld be’ cqgcluded that the
resulting airflow paum at the end of the throw, at’ Ve,
and the residual velocity, Vr, were not affected by the
two extremes in dimensional ratio represented by the
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