
AD-751 503

DETERMINATION OF THE FIELD OF HEAT AND
MASS EXCHANGE DURING VAPORIZATION OF A
LIQUID INTO A COUNTERFLOW OF GAS

A. A. Dolinskii, et al

Foreign Technology Division
Wright-Patterson Air Force Base, Ohio

27 October 1972

DISTRIBUTED BY:

National Techuical Iinfsmiintiuu Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Spingfield Va. 22151

II I j



FTD-MT-21[-11483-72

0
FOREIGN TECHNOLOGY DIVISION

DETERMINAT1ON OF THE FIELD OF HEAT AND MASS
EXCHANGE DURING VAPORIZATION OF A LIQUID

INTO A COUNTERFLOW OF GAS

by

A. A. Doiinskiy and G. P. Prikhodchenko

'4-

Approved for public release;
Reproduced by distribution unli~mited.
NATIONAL TECHNICAL

U S Departme.nt of Comme.rce
Springfield VA 22151



DOUMINT CONTROL DATA.R&D

Foreign T~hooyDivision .&-Tjr
Air Force Systems Commvand

(I~~ AFipA oirge

DETERMINATION OF THE FIELD OF HEAT AND MASS EXCHANGE DURING
VAPORIZATION OF A LIQUID INTO A COUNTERPLOW OF GAS

4. 0ugemePTlym #4OUS (Inw S.1s usef d belst.0 dome)
Translation

S. AUTMORIS) f~il =m. om5. bW80 test mod")

Dolinskiy, A.A.; Prikhodchenko, G.P.
0. 111uPOPI SAYS 15. TOTAL Ito. or PAGEIs 1&. 00. or 01910

1966 -6/0 1 3
04 CONRmACT ON ORAIS? hA. Ws @UIGINAOWN "SPORT "Wag"0111

6. PRWBC, off. AAH9 JFrD-f4T-2 4-:1483-72

0. ur 1 t IPONT~~S ft& Aq fl S bSW; dt= be Os m4WW

.. T71-o4I-03
10. WISTISIOUW $TATWAENT

Approved for public; distribution unlimited,.
St. SUPPL6101WTAng WoevS Ill. SPONSORIND MILITARY ACTIVITY

Poreipml Technology Division
Wri&"ht-?atterson AFB, Ohio

on. ANSTRACT

Heat and mass trainsfer studies between~ spray atomized (at pressures
2 to 15 bars) licis,. and air flowing in the opposite direction at
2 to 15 rn/s yielded an -&v. mol. coeff'. of heat transfer between the
liý4 droplets and the air Five.-I as Re,ý = It v v here Re equals
"Peynolds,. n. T~ equals length of atomized 1Aq. 'bnve lone.v,() equals
velocity of liq.w dronlet leavinp the nozzle, and v~ equals
kinematic gas vifscosill, An equation was developetF for ca-leg. L~f
in the recirculat,'on spray dry~ing of solids the L, depends'to a large
extent on the liq. /Irate. 4nd its d. and is indepegn~t o~rp

dia. eotl ded.Lf values agree with those calcd, from the
develoned equation.
AT1019335

DD I W.Sol 4 7 3
NTASplr.



"L T "166 .. -Agt

SLiquid Drop fjodel ..

i mass transfer
*Heat Trans fer

Mathematic Expression
Reynolds Number
Dbrovlet 'Atomiz-ation

IY
VUCASITY



FTD-MT- 24f-1•483-72 -"

EDITED MACHINE TRANSLATION
FTD-MT-24-1483-72

DETERMINATION OF THE FIELD OF HEAT AND MASS
EXCHANGE DURING VAPORIZATION OF A LIQUID INTO
A COUNTERFLOW OF GAS

By: A. A. Dolinskiy and G. P. Prikhodchenko

* .English pages: 6

Source: Shestaya Mezhvuzovskaya Konferentsiya po
* Voprosam Ispareniya, Goreniya i Gazovoy

Dinamiki Dispersnykh Sistem, Odessa,
1968, pp. 181-185.

Requester: FTD/PDTA-5

Translated by: Dean F. W. Koolbeck

Approved for public release;
distribution unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI.
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:
ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FO2EIGN TECHNOLOGY D1- FOREIGN "ECHNOLOGY DIVISION
VISION. WP.AF8, OHIO.

FTDMT- W I-G,".• 7 . DateZL_. " 192z.



DETERMINATION OF THE FIELD OF HEAT
AND MASS EXCHANGE DURING VAPORIZATION
OF A LIQUID INTO A COUNTERFLOW CF GAS

A. A. Dolinskly and G. P. Prikhodchenko

S~In the study of the hydrodynamic and heat and mass exchange

processes during direct contact of an atomized liquid in a

counterflow of gas, the depth to which drops of liquid penetrate

SInto the gas is a characteristic index of these processes.

A description of the process of heat and mass exchange in an

atomizer through mass transfer from the gas to an individual drop

of liquid is hampered because of the variability of the hydrodynamic

conditions for motion of the drop in the gas. The average volume

coefficient of heat and mass transfer is a measure of the

effectiveness of heat and mass exchange processes in such apparatus.

On the basis of analysis of differential equations of motion, heat

exchange, and heat balance, a functional relationship has been

obtained and experimentally confirmed for determining the average

value of the volume coefficient of heat transfer from a drop of liquid

to air [1]. Among the determining criteria and ccmplexes in this

relationship-the following is presented: Re, , the Reynolds

number characterizing the hydrodynamic conditions of the encounter

of the total Jet of liquid drops with the orcoming flow of air.
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Here is the length of the jet of drops, v is the initial velocity

at which drops escape from the sprayer, and v is the kinematic

* viscosity of air.

In many cases the length of the jet of drops uniquely determines-

the working volume of evaporation heat and mass exnhange apparatus,
in which liquid is injected by mechanical nozzles against a flow of

gas. Thus, in a recirculating drying and evaporating device for

which the relationship v0 > [v HT] is maintained (v 0 is the velocity

at which drops leave the nQzzle and v 9 . is the twisting velocity

of drops) the process of heat and mass exchange is almost totally

completed in the region of the jet of liquid drops; behind this

region separators are installed, determining the drops carried out

beyond the jet or dry particles from the cxhaust gas. In the case

when the apparatus operates in the evaporation mode the gas is

saturated with moisture in the jet region and is unable to pick up

more vapors of the solvent (water) behind it.

Experiments show that during operation of the apparatus in the

dryinv mode particles of the dry product are removed from the jet

rr,. i and the wr .is of the apparatus behind the jet (along the path

of , e gas) remain c:'y; this indicates the abaence of noticeable

. ,ation of water c'" .side the region of the jet.

der certain conditions one should consider heat and mass

transfer from moistened walls of the apparatus in the region of the

Jet of drops.

Works exist [2, 3] in which equations of motion of individual

drops of liquid are examined and solved without consideration of the

mutual influence of drops flying together in a group, permitting

determination of elements of their flight trajectory. In atomizing

heat and mass exchange apparatus (and especially in the recirculating

type) significant quantities of liquid are atomized; this creates

hydrodynamic conditions in the region of the jet which differ
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substantially from t1'e conditions of flight of a single drop. At

the same time with atomization of a large quantity of liquid Into

the gas in order to dry or concentrate it (i.e., wtbi an increase

in the recirculation facocr of the solution) evaporation leads to

an insignificant decrease in the volume of an individual drop.

Here: 60 is the average volume-surface diameter of a drop of

solution at the moment of escape from the nozzle, 6 is the same at

the moment when it lands on the chamber wall, W is the quantity of

evaporated water, kg/b, G ( . - W) kg/h (for heat exchange

W 0 and Gp /GP.O= ), G P.O.W is number of times solution is

recirculated, and P is the quantit!/ of atomized solution, kg/h.

From equality (1) it follows that the average diameter of the

drop in the process of heat and mass exchange as taken in the

calculations is reduced to a small degree; this makes it necessary

to search for the reason for growth in the Jet with an increase in

the quantity of atomized liquid and for the change in the coefficient

of resistance of drops due to their mutual influence, as follows:

and

1= (3)
' Re

where R is the force of resistance, t ts the coefficient of

resistance of a drop, WOTH is the relative velocity of a drop,

p is gas density, Re. "= ,& is the Reynolds number of the drop,

n is an experimental quantity which varies as a function of the

nature of the flow around the drop, and f is the area of a diameter

cross section of the drop.
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;•" For experimental study of th2 hydrodynamic and heat and mass {,

texchange processes during direct contact of an,-atomized 1-quid and

a counterflow of gas an experimental installation was set up at

the institute of Technical Thermcphys• a, Ukrainian Academy of
Sciences, in which water, a NaCj. .•uliton, and a biological solution
were atomized. The installation 7ig. 1) consists of a working

i'hamber and a system for recirculating the solution and preparing

the heat-exchange agent, which in this case was air. Behind fan

(1) air passes ti'rougii electric air neater (2), after whica the air

goes to collector '3) equipped with a distribator which ensures a

uniform supply of Ir ir':o th* worki'.g chamrer (12). A number of
nozzles are instE. i Il•A :•e chamber; t4- .-y have detachable

elements which make" p(.,si*O-e .- change the diameter o2 the nozzle

outlets. The cham, r, has 'r,% 'c- of window- to permit observation

of nozzle operation a.,d to id duce various instruments. In

cyclone [separator] (17) either dry particles or drops of solution

are removed from the air, depending upon the operating mode of the

installation. !I

V Fig. 1. Diagram of the experimental
installation.
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The results of experiments carried out on. this injtaliation

and described in [1) (where the case of heat exchange of atcn-dzed

transformer oil with air was investigated) are presented in tile form

of a functional relationship of dirmensionless critez'~a and simplexes:

I4-. 
(4)

Here: ReL -- is Reynolds number related to the initial

velocity of drop escape and to the length of

the jet of drop3,

L.iL - is a dimensionle?,,.- '.~ eharacteri zing the

density of irrigation cf the chamber sectian,

-(A is the Reynolds number related to the initial

velocity of drop escape and the initial

diameter of the drop,

Re.-Reynolds numbter related to the velocity of

air in front of the chamber,

and -- dimensionless simplexes~,
- T.t

G airflow rate in kg/h,

YP- is the specific gravity of the solution in

kg/n 3,S

Z 4G-.O kg/h cm 2 is the density of a chamber sectiCon irrigation,

D - is the diameter of the chamber in meterz,,

I' - is the specific weight of air, kg/rn3

The function~al relationship (4i) has the form

LI4

where C = 55/10

To analyze t~he influence of individual factors on the length

of the jet of drops It Is advisable to determine the vaiues of

criteria in equation (5).

FTD-MT-.24-1483.-72



41 'C"

From equation (6) it is clear that the length of the jet of

drops changes in proportion to the change in the density of

irrigation and the density of the solution, and does not depend on
the diameter of the drop.

During the experiments the pressure of the liquid was varied

within the limits 2-15 bar; air velocity was changed within the
limits 2-15 m/s, and the length of the jet of drops, in the limits
0.135-1.0 m.

The obtained relationship is in satisfactory agreement with
experiment (Fig. 2) and can be used to determine the length of the
jet of drops during atomization of the liquid into a counterflow

of gas.

4P1
S .I- II 1 11 II I• $ / _ .' "F14:

Flg.2. R sult ofexperimental investigations
of the length of a jet of drops.
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