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St.Petersburg, Russia

INTRODUCTION

In recent years due to increased sanitary-hygienic and
technological requirements for industrial eanviromment and
to the construction of large integrated production depart-
mente ventilation systems have considerably grown in size
and become more sophisticated. Greater importance is being
attached to mechanically operated ventilation systems.
Under such circumstances the problems of rational air supp-
ly and its effective utilization in ventilated spaces are
becoming more and more vital.

The characteristics of heat, moisture and contaminants dis~
tribution within ventilated and air heated spaces are de-
termined mainly by the genmerated sir streams, which in
their turn depend upon the accepted method of air-exchange
set-up.

MATHEMATICAL APPROACH TO DESIGNING HEAT AND AIR
REGIME IN A SPACE

Jet streams in a ventilated space affect significantly the
circulation pattern of the air currents and contribute to
heat and mass transfer in the space thus playing an import-
ant part not only in determining the velocities and tempe-
ratures in the occupation zone but also in solving various
problems related to heat and air regime in the space /1/.
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In order to calculate this reglme a procedure for const-
ructing” approxzmate mathematlcal models has _been developed.
Such models ‘are systems 6f heat ' and mass balance equatlons
applicable to specific volumes and surfaces which take into
account a great number of factors forming the environment
in a ventilated space, such as the distribution of excess
heat and heat losses through different zones in the space;
the characteristics of inflow and convective jets; the ope-
ration of the local exhaust ventilation systems, air
showers anawneatlng systems- infiltration and 1nward leaka~
ge from the ajacent rooms /2,3/.

At the present stage of scientific development approximate
models allow to perform integral evaluation of above fac-
t0r's affecting the heat and air regime in a space, which

is still 1mp0551ble to- do to—day\w1th the help of more.
sophisticated and precmse models based on”the solutian 6f
Navier-=Stokes equatlons. In this sense approximate models
posses certain advantages ‘over preclse models. '
Approximate mathematical models have been developed for

the main methods of air supply into productlon areas ‘equip-
ped with mechanical ventilation systemS: directly into the
occupation zone; concentrated alr supply into the upper
zonej air. supply with vertmcai jetsJ incllned*aets-,aets
clmnglng to the ceiling /2 3/. o s

AN EXEMPLE OF Al APPROXTMATE MATHEMATICAL MODEL

A des;gn diagrem of thermal and air procegses which occur.
in an enclosed space in the case of air supply. Wlth verti-. .
cal Jets is shown as an exemple in Fig.1. The correspondlng
mathematical model (the principal system of equatlons) e
includes heat and air- balances’ for flve SpBlelc volumes i
(I~ octupation zomei II - inflow jet; III - clrculatlon ‘
zone’; IV - convective jet above the heat source, V - con—
vective flow at the wall) and two cbhstralnt ‘équations.

One of- them defines the temperature in the cccupation zone
as a weighted temperature over the inflow j&t area(Fa -El—~)

Fspace
and that of the back flow; the other one - the temparature
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of thé air leav:.ng the upper zone, dependa.ng u.pon relat:..on
between the convective flow rate and the flow rate, of the
a:.r extractea from the space.
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Fig. 1. Des:.gn dizgram of thermal” and a:.r proCésses 1n a._n
enclosed space 1n ‘case of ailr supply with Verta.cal Jets -
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Seven equatlons of tae pnnca.pa.l system are J.J.near in. re}.a—h
t:.on to the d::.fferences between the temperatures in speci-:
fic volumes and the J.n:flow z_a.':.r :bemperature which are assu-
med to be unknown va.lues.,atag = for the occupation zone;
alexte = for 'l:he extracted air; J.m - for the circula-.
tion zone; 4221 and AZ“J - for the _inflow. jet and.the flow

at the wall at their entera.ns the occupatign zone; aZJ -
for the back flow; al, - for a ‘convective jet under the
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céiling. —'
After transformlng the system of equations' and eliminating
the unknown values Atc and AZ w.f its augmented matrix -

becomes:
AZO,Z : Atextr A tUp.Z. A tJ A[£
ol
€ byz, *qaz 0 'CGL'J""qW EGJ A@g Qgg I(thmt *
’ : Q) s oul3.
0 GG G 0@ )
e 1ot tot
021 Lloz Clextr CEoz‘ ? q:et[ 0 0 -Qp: * Ovp.z
1 0 0. - -F q-F) 0
0 q -a o o (1-1)0

In metrix. (1) @=max{cCextr, cCef ;

1914 TS oAl Apn E R WA i 24
00, =¢ by A[y * CGadjaz. Ata://. + 002 "'asll. *0@*902' Atwl_s s

Qup_z =CC{_'antﬂlllj + C[:adjaz_ AZadJ +(/‘ 2)0,, + QU,D.Z +(9V -f‘gce"[)a[wls

. = specific heat of the air.
The model describes heat and air processes in a space in
the case of vertical air supply cons:.der:.ng the relat:.on—
ship between the parameters taken into account in accor- 8
dance with the diagram in Fig.1 which affect the formation
of heat and air regime in the space, namely: 042.,00,,,2_) Qc -
heat ipput from the technological equipment; -,
specific heat losses; binf - the amount of infiltration
air; CadJ oz and Gad] upz - inward air leskage from the
ajacent rooms; Gv and - gir -flow rates in.the down-
ward flow and in the ba’(:k flow; Qsh- . - heat ‘consumption
for air showers; Qh - heat consumption for the heating
system. C,z” @022 - a:.r flows “£rom local’ exhausts-£ F -

<K e g ' N
‘ t



365.

characteristics of the jet flows formed by the air d.i,s_t;‘i;
bution equipment.. - : ; . 5
The unknown values in the system of equ.at:.ons (’I) are
found from Cramer's formulae:

_dy . d.

4[02 °qd dzexlrzd_ , L\tﬂp‘2=j§' N

(2
- d4 - ds‘

a4 Jd*

where d - determinant of the system; d, e s 0 e o ods -
determinants obtained by substituting in o
a column of absolute terms for the first . .
, fifth column, respectively.
Using ‘these mathematical models one can solve various
problems related to the design of heat and air regimes in
ventilated spaces.

DETERMINATION OF AIR-EXCHANGE RATE

Determination of scientifically grounded amount of inflow '
air G has become one of their major appl:.catlons.

o [

Coz+ 0 A/Coe Atgg i (3)
c Algz

where the ‘eir exchange coefflcn.ent )
vt oot 5% 0R 8 Ve S gee s gl
T A k. Atﬂ-f‘” LW R A SO &
It follows from (2) and (4) that ‘ _ _
d, . i . .
which is a function of all paramoters includ.ed into ‘the
mathematical models. :

PRINCIPIES OF SIMUL!L‘,ANEOUS DESIGNING ‘
AIR-EXGHANGE AND AIR DISTRIBUTION . Y . wam
haatr:.x (’l) mclua.es the parameters of aet flows C and /'—

which depend upon the type of air distributn.on equn.pment
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characterized by the velocity coefficient M and ‘tempera-
ture coefficient N ; its design area f» ; the distance
between T and the occupation zonej the data characteri-
zing the degree of ‘confinement and non-isothermality of
a jet. B
Thus, in order to calculate air exchange rates needs to
know a number of parameters related to air distribution,
such as the type, the dimensions and the number of inflow
air supply devices and their location, which, in their
turn, are impossible to find without knowing f, .
Close relatlonshlp between air exchange and air dlstrl—
bution is observed when solv1ng -all problems concernlng
envmronmental parameters: ‘uniform dlstrlbutlon of velo-
cities and temperatures across the space area; circula-
tion patterns of air currents; the extreme parameters
for a jet entering the occupation zone, etc.
It can be concluded from the above that considering the
bresent level of developments in ventilation science and
research the calculations of the amount of inflow air and
of its distribution.through an enclosed space should be
interrelated, .that. 1s, the prlnclple of simultaneous desig-
ning air exchance agd air dlstrlbutlon schemés should be
applied /4/. 7 o
Practical realization: of. this prlnclple is’ shown in the
block diagram in Fig’ 2. ‘
The relations found between the solutions'ofiéir exchange
problems ahd . .thogé of air dlstrlbutlon wihiich characterlze
this prlDClple are lndlcated in the dlagram with horizon-
tal lines. :
The reallzatlon of the proposed prlnclple allows to make
an optimal choice of a;; exohange schemes and methods of
supplied air distribution in a ventilated space.
The mathematical model which allows simultaneous determi-
nation of air exchange rates and air distribution design
includess. :. - : Cl
~ approximate models of thermal and eir processes in ven-
tilated spaces;
- laws of jet flows behaviour;
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~ a number:of restrictions (limits forv;,azx,]gfvglues,t
etcels; . . * .

- relatlonshlps descrlbing sp801flc character of the ven-
tilation process (ensuring the designed circulation
schemes, etc.).

Mateorological conditions
in the . occupation  zone

Extrcme Uniformity Acoustical - Moan R E
valudés of of the para- require- values of
the paxra- neters across ments for the para- |-
meters the area the system meters

Airx _
distribution

iype of air Air exchange : _"
distribution |. |ischeme . Lema
- device: - Air exchange
I' . coefficient’
Number of .air.| 7\ ~ Amount of. i Ao
digtribution [ — inflow air *
devices, thelr .
standard size /\
" | vetal demand Consunption’ | vtilization 1 |-
for-the system of heat, cold, of the heat
electric power o:r extracted

Fig. 2. Block diagram of a rational air—exchange

\I/

2 set- up
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ational ai:\-exchange

set-up
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The. mathematical problem consists in finding a solutiom:
for a system which includes linear and nonlinear: algeb-
raic equations.and a.number of inequalities. The method

of successive approximations:iis uged in the solution with
obtaining one or several results which would satisfy the
be no:solution for a system.

Upon optimizing . .the results, of .the calculatlons on the ba-
sis of: some indices (thermal and.electrical power . consump-
tion, . metal -demand, possibilities.of utilizing the heat of
the extracted air, structural and other features) the most
rational variant of organizing air exchange and air distri-
bution in an enclosed space is-arrived at, using the sys-
tem analysis proposed: by.A.A.Rymkevich. /5/e

The described methodological approach-has been:realized in
full measure in a program system for a -computer /6/.

CONCLUSION

A procedure for constructlng approklmate mathematlcal
models designed to describe heat and eir processes in ven-
tllated spaces has been developed whlch allows to take
into aocount .a great number of factors affectlng the for-
nation of env1ronment. By u51ré these models one of prin-
cipal ventllatlon problems has been solved that of .scien~
ce-based determlnatlon of the amount of rnflow alr requl-
red.

The necessity of simultaneous solution of the problems of
air-exchange and air distribution has been substantiated,
which need using a computer in order to be realized in
full measure,.
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