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ABSTRACT A draft quantity through a ventilated air space is analyzed by
numerical calculation and model experiment, and a correlation between the draft
quantity and buoyancy, following a temperature difference between the ventilated air
space and circumference, is discussed. At first, a dimensionless theoretical analysis
method for the draft quantity is shown, and a relation between a dimensionless draft
quantity and dimensionless height 7/(bG,) of ventilated air space is defined. Next,
the relation between both values is experimentally verified. As the results, it is made
clear that the draft quantity shows a proportional relationship with the temperature
difference in case a thickness of the ventilated air space is the same, and the
dimensionless draft quantity can be expressed as a function of the dimensionless
number (b/£)G.P, (modified Rayleigh number).

1. INTRODUCTION

In an exterior wall of recent residences, a ventilated air space is generally
constructed for the purpose of air ventilation. However a draft quantity of the
ventilated air space is hardly researched. The present report therefore aims at
quantitatively explaining a correlation between the draft quantity and buoyancy,
following a temperature difference between the ventilated air space and
circumference. and at theoretically obtaining the draft quantity in response to any
different condition in temperature difference, thickness and height of ventilated air
space and opening area of air vent.

2. NUMERICAL CALCULATION METHOD OF DRAFT QUANTITY
THROUGH VENTILATED AIR SPACE

A draft quantity through a ventilated air space, which is constructed between a
heating and adiabatic surface as in Fig.1, can be estimated by equations (1)~ (3) of
continuity, energy and motion.

ou 9 4 (1)
ox dy

aT aT T
cUu—+pc v—=A 2
e dx PEs dy ay’ @

R— e
ITRRE .ol &

/661 v3d I

OdIHSNY i

Buuoyiuop B uogw,mugg,




: ©)
Ju +v£ﬁ=v_‘9_“7_l‘9_p1+/3g(1‘_7;)
u;; ay ay° p dx
__ PP
i ?m=p—pwﬁ—pu_T)
: 4 by equations (4)~(®)
g dary conditions are expressed by equations "
= BOunx=0,0<y<b:u=ﬁ,v=0,T=Tn -
y=0,x20:u=0,v=0,T=Tw i
y=b,x20:u=0,v=0,6T/5y=0 ©
— x=0:p,=0 o
: ' - . . . . less
é - lt:pds—ag described above can be rearrzér)lged by introducing dimension
2 e s defi ring equations (9)~(1
G numbers dcbf;ned by fzilow ing eq o000
=iy V e
U vG, v
(11),(12)
Yt Fd
T bG, b 4
g pb o-1% (13)014)
: oGl T.-T, .
: GBI -LY b oo
(2, G = 2 3 F )\- .
= : 5 i i follows:
g i i ations are rewritten as
s Continuity, energy and motion equ -
) W, ¥ _o
X dY §
90 90 _ 140 as)
ax Y B oY 9
oU . oU U dP 19)
ax ey oYt oX .
iti ted as follows: -
dary conditions are represen ;
BounXaZO,O<Y<1:U=Q,V=O,®=O .
Y=0,X20:U=0,V=0,0=1 -
Y=1,X?_0:U=0,V=0,a®/aY=O fm
= X=0:P=0 =3
=L:P=0 : ; y dated aif
5 )é}j{r'nlt:nsionless draft quantity) and L (dimensionless height of ventila '
P Then

space) are defined on referring to the dimensionless numbers.
0= b _ f Udy
vG, Y0

!
L=—

(25)

o

In case difference coord
from equation (27) by u
every height level of the »

AY (K-1)/2
Q = *[4 ZU"H 2
3L 4™
If the values of Q and P,

U, V, © and P can be so
basis of the boundary con
Q, which is obtained fror
found out (the value of P
obtained.

3. EXPERIMENTAL M1
THROUGH VENTIL.

Fig.3 shows an experimer
can be arbitrarily change
plywood and an transpa
aluminum plate, of which
material put on outside ¢
system. We measured dra
space with smoke wire n
acrylic board is a window |
the acrylic board. We genc
electric current through a 1
acrylic board and to which
loci of smoke through the
emitting strobe light into tl
velocity of flow from the ¢
time (We read the distance
In the upper part of the s
approaches that of heating .
between both surfaces as in
assumption that the measur:
The draft quantities were
thickness (10, 15, 20, 25, 3
(5, 10, 15K) between the
framework of air vent is attz

4. ANALYSIS OF MEAST

Photo.1 and Fig.6 show ex:
that the thickness of the ve

Ctween the ventilated air s
Strobe light is 0.5sec, and th
the ventifated ar space. The

18.7 and 8 (results witho

- Correlation between the dra




()

)
(%)
(6)
™
(8)

/ introducing dimensionless
9),(10)
(11),(12)
(13),(14)

(15),(16)
follows:

(17)
(18)
(19)

(20)

1)

(22)

(23)

(24)
less height of ventilated air
ETS.

(25)

(26)

In case difference coordinates are decided as in Fig.2, the value of Q is ohtained
from equation (27) by use of Simpson’s low, because the draft quantity is cqual in
every height level of the ventilated air space.

AY (k-1)/2 (K-3)2 .
= Y 4 ;me +2 ZU,M_ZM = Constant draft quantity (27)
If the values of Q and P, are given as the initial calculation conditions, the values of
U, V, © and P can be solved from the equations (17)~(19) in every height level on
basis of the boundary conditions by convergence calculation concerning the value of
Q, which is obtained from the right side term of equation (27). If the value of L is
found out (the value of P becomes 0 in this height), the corresponding value of Q is
obtained.

3. EXPERIMENTAL MEASUREMENT METHOD OF DRAFT QUANTITY
THROUGH VENTILATED AIR SPACE

Fig.3 shows an experimental model of a ventilated air space, thickness of its space
can be arbitrarily changed. One side of ventilated air space is constructed by
plywood and an transparent acrylic board, another side is constructed by an
aluminum plate, of which temperature can be controlled freely by a flat calorific
material put on outside of this plate. Fig.4 shows an experimental measurement
system. We measured draft quantities (velocity of flow) through the ventilated air
space with smoke wire method, as the visible method of a moving smoke. The
acrylic board is a window to observe a locus of smoke. A camera is set up in front of
the acrylic board. We generated smoke in the ventilated air space by passage of an
electric current through a nichrome wire, which was stretched on under level of the
acrylic board and to which paraffin oil was applied. Then we took photographs of the
loci of smoke through the acrylic board, in a state of opening a stop, by periodically
emitting strobe light into the ventilated air space from the side, and we obtained the
velocity of flow from the distance of photographed loci in the regular intervals of a
time (We read the distance of the loci at the middle part of the ventilated air space).
In the upper part of the ventilated air space (a temperature of adiabatic surface
approaches that of heating surface), velocity distribution of flow describe a parabola
between both surfaces as in Fig.5. Therefore we calculated the draft quantities on the
assumption that the measured velocity of flow is the maximum value of the parabola.
The draft quantities were measured under different experimental conditions in
thickness (10, 15, 20, 25, 30mm) of the ventilated air space, temperature diffcrences
(5, 10, 15K) between the ventilated air space and circumference, and a joint
framework of air vent is attached or not at lower part of the ventilated air space.

4. ANALYSIS OF MEASURED AND CALCULATED DRAFT QUANTITY

Photo.1 and Fig.6 show examples of the loci of smoke and its tracing, for the case
that the thickness of the ventilated air space is 20mm, the temperature difference
between the ventilated air space and circumference is 15K, the interval of emitting
strobe light is 0.5sec, and there is not the joint framework of air vent at lower part of
the ventilated air space. The locus of smoke moves at regular distance.

Fig.7 and 8 (results without or with the joint framework of air vent) show a
correlation between the draft quantities and the temperature differences. The draft

£661 vAd ’

OHHISHXI

Bunonuopy g uonenung l

o



(661 VITd ‘

OHIHS(WI

|
]

Buoyuapy g uoneniuig

quantities indicate a proportional relationship with the temperature differences.
irrespectively without or with the joint framework, in case the thickness of the
ventilated air space is the same. Fig.9 and 10 show the correlations between the draft
quantities or the dimensionless draft quantities Q and dimensionless number
(b/£)G,P, (modified Rayleigh number: P, times the reciprocal of L). The solid lines
in the figures represent the calculated values, provided that modified Rayleigh
number 1$ revised by using a correction value A'/A in the case with the joint
framework. The values of Q and (b/{)G,P, show one-to-one correspondence. The
calculated values agree well with the measured values, whether there is a joint
framework of air vent or not, namely the draft quantities can be expressed as the
function of modificd Rayleigh number.

5. CONCLUSION

We showed a dimensionless theoretical analysis method. on the basis of equations of
continuity, energy and motion, to obtain a draft quantity through a ventilated air
space, which is constructed between a heating and adiabatic surface. and defined a
relation between a dimensionless draft quantity and dimensionless height £ /(bG;) of
ventilated air space. Furthermore, a correlation between the draft quantity and
buoyancy, following a temperature difference between the ventilated air space and
circumference. is cxplained by a visible experiment (smoke wire method).

The summary of the results is: The draft quantity indicates a proportional
relationship with the temperature difference in case a thickness of the ventilated air
space is the samc. The dimensionless draft quantity and dimensionless number
(b/£)G,P, (modificd Rayleigh number) show one-to-one correspondence, and the
values of calculated draft quantities agree well with that of measured values. In case
a joint framework of air vent is attached at lower part of the ventilated air space, the
calculated values ugree with the measured one by making revision for the modified
Rayleigh number by a correction value A’/A. The draft quantity can be expressed as
the function of modified Rayleigh number.

NOTATION

A: sectional area of ventilated air space, A': opening area of air vent, b: thickness of ventilated air
space [m], ¢t specific heat of air [1/(kg* K)]. G;: Grashof number E-], g: gravitational acceleration
[m/s”], K: horizontal grid number [-], L: dimensioriless height [-], {: height of ventilated air space
[m], P: dimensionless differential pressure between ventilated air space and circumference [-], Py
Prandtl number [-], p.:; differential pressure between,_ventilated air space and circumference [Pa), Q:
dimensionless draft guantity [-], g: draft quantity [m*/s], T: absolute temperature [K], U: dimension-
less velocity of vertical direction [-], u: velocity of vertical direction [m/s], V: dimensionless
velocity of horizontal direction [-], v: velocity of horizontal direction [m/s], X: dimensionless
coordinates of vertical direction [-], x: coordinates of vertical direction [m], Y: dimensionless
coordinates of horizontal direction [-], y: coordinates of horizontal direction [m], B : coefficient of
volume expansion [1 K],A X: grid interval of vertical direction [-], A Y: grid interval of horizontal
direction [-], ©: d.mensionless air temperature [-], A: thermal conductivity [W/(m'K)], #:
viscosity [Pa“s], U : Ninematic viscosity [m*/s], 0 : specific weight of air [kg/m”]
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