
o 
< 

( V 

FOREIGN TECHNOLOGY 

DIVISION 

AIR FORCE SYSTEMS COMMAND 

WRIGHT-PATTERSON AIR FORCE BASE 

OHIO 

D DC 

I! lin ! ! 1 llllilMWMBMBMBBBMIiiMllllllirillilililllll.. 



CLEARINGHOUSE FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION CFSTI 
DOCUMENT MANAGEMENT BRANCH 110.11 

LIMITATIONS IN REPRODUCTION QUALITY 

ACCESSION fl f) L ( : 

(71 I. ME REGRET THAT LEGIBILITY OF THIS DOCUMENT IS IN PART 

10 UNSATISFACTORY. REPRODUCTION HAS BEEN MADE FROM BEST 

AVAILABLE COPY. 

H 2. A PORTION OF THE ORIGINAL DOCUMENT CONTAINS FINE DETAIL 
WHICH MAY MAKE READING OF PHOTOCOPY DIFFICULT. 

n I. THE ORIGINAL DOCUMENT CONTAINS COLOR. BUT DISTRIBUTION 

COPIES ARE AVAILABLE IN BLACK-AND-WHITE REPRODUCTION 

ONLY. 

□ 4. THE INITIAL DISTRIBUTION COPIES CONTAIN COLOR WHICH WILL 
BE SHOW« IN BLACK-AND-WHITE WHEN IT IS NECESSARY TO 

REPRINT. 

PI 5 LIMITED SUPPLY ON HAND. WHEN EXHAUSTED. DOCUMENT WILL 
^ ' BE AVAILABLE IN MICROFICHE ONLY. 

R I- LIMITED SUPPLY ON HAND. WHEN EXHAUSTED DOCUMENT WILL 

^ NOT BE AVAILABLE. 

Q 1. DOCUMENT IS AVAILABLE IN MICROFICHE ONLY. 
« 

Q I. DOCUMENT AVAILABLE ON LOAN FROM CFSTI ( TT DOCUMENTS ONLY). 

TSL-I07-I0 S4 

PROCESSOR: 



✓ 

FOFEWORP 

Tht* áoeuBtnt 1« » Bftchlnc tr»n«lition of Fuatltn 

t**t which h*« been processed by the AN/GSQ-16(XW-2 ) 

Machine Tranalator, owned and operated by the United 

Ütates Air Force. The machine output has been full, 

post-edited. Aabifuxty of meaning, words missing from 

the Machine's dictionary, and words out of the contixt 

of Meaning have been corrected. The sentence word 

order has been rearranged for readability due to the 

fact that Russian sentence structure does not follow 

the English subject-verb-pred1 cate sentence structure. 

The fact of translation does not guarantee editorial 

accuracy, nor does it indicate USAF approval or dis¬ 

approval of the material translated. 



A
D
 

6
0
6
7
4
0

 SCIENTIFIC AND TECHNÍUL'INFORMATION FACILITY 
— — —. - 1 ^ * —aJ — — —I 
OfXPrcvrvtl ro»r nvQTf%#no> mf Of«v Ä«w*w*if^rw»^spn w*«^»wpHWfW ^ 

PMtOmc«»M 57* 
NO-d«, M¿. 20014 

TalaavM.|«Sé-2l50 
^ |éSé-2Í51 

FACILITY CONTROL NO. <£ÔJ_Ç 

DATE y0 ''Z- L y 

ATTACHED IS A DOCUMENT ON LOAN 

FROM: Scientific and Technical Information Facility 

TO: Defense Documentation Center 
Attn: DDC-IRC (Control Branch) 
Cameron Station 
Alexandria, Va. 2231^ 

In accordance with the NASA-DOD Cooperative AD Number Assignment Agreement it is 
requested that an AD number be ass.gned to the attached report. 

As this is our only available copy the return of the docuir«nt (with AD 
number and any applicable distribution linitations) to the address below 
is essenti a I. 

This document may be retained by DDC. If retained, please indicate AD 
number and any applicable distribution limitations on the reproduced 
copy of the title page and return to the address below. 

* 

Return Address: Scientific and Technical 
Informât ion Facility 

Attn: INPUT BRANCH 
P. 0. Box 5700 
Bethesda, Md. 20014 

FL 244 



CoL 7v ^ 

«T-6J-29Î 
M«w« of Higher Educational Inetitu- 
tiontf SorlM "Aeronautical Ihginaor- 
ing", Ho. 4» 1962. 

Pé<m 139*144 

f 

i 
AV*J> fUMEHTAL IMVESTIGATION OF OUTFLCW OF 

TWWJC« A CENTRIFUGAL INJECTOR 
A BOILING LIWUID 

NOZZLE 

f 

?. A. Kakhin, V. F. Prisnyakov, I. F. Tokar* 

During prahaating of a liquid to a lamperalore at which ita vapor presura 

aseaeds tha ambient pres aura, the «access pressure is not «qual to tero, as during 

atomisation of a cold liquid. 

Formulas off«r«d in reference [2] for the coefficient of discharge of an 

injector nossle i« u««ful only for calculation of the outflow of liquid considar- 

ebljr underhaatad up to tha boiling point. Besides this work, in the literature 

ar« ab««nt any publications on the study of outflow of a boiling liquid through 

« centrifugal injector nossle. It is true^that there are known experiments of 
« 

a number of authors [1], [3], [5], t7J on the study of the process of outflow 

through various nossles and throttle washers, but results of these experiments 

•re l^oeelble to axtmvl to centrifugal injector noxtlas, in view of tha charac- 

teretiee of their operation. 

For explanation of the characteristici of the process of outflow of boiling 
IS * 

liquid, there were set up two series of experiments on special Installations. 

The flret eerie« of experiments was produced with water and had as its 

purpose visual observation of the processes of evaporation and outflow. Initially 

the experimente were conducted in the installation according to the diagram given 

im Figure 1« hater wee heated to boiling by an electric coil in the transparent, 
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EXPERIMENTAL INVESTIGATION OF OUTFLOW OF A BOILING LIQUID 

THROUGH A CENTRIFUGAL INJECTOR NOZZLE 

V. A. Makhin, V. F. Prisnyakov, I. F. Tokar’ 

During preheating of a liquid to a temperature at which its vapor presure 

exceeds the ambient pressure, the excess pressure is not equal to zero, as during 

atomization of a cold liquid. 

Formulas offered in reference [2] for the coefficient of discharge of an 

injector nozzle is useful only for calculation of the outflow of Liquid consider¬ 

ably underheated up to the boiling point. Besides this work, in the literature 

are absent any publications on the study of outflcw of a boiling liquid through 

a centrifugal injector nozzle. It is true,that there are known experiments of 
# 

a number of authors [l], 13], [$], (7] on the study of the proceso of outflow 

through various nozzles and throttle washers, but results of these experiments 

are impossible to extend to centrifugal injector nozzles, in view of the charac- 

terstics of their operation. 

For explanation of the characteristics of the process of outflow of boiling 

liquid, there were set up two series of experiments on special installations. 

The first series or experiments was produced with water and had as its 

purpose visual observation of the processes of evaporation and outflow. Initially 

the experiments were conducted in the installation according to the diagram given 

in Figure 1. Water was heated to boiling by an electric coil in the transparent, 

/ 



Fig. 1. Diagram of installation with transparent volume, 1—transparent 
volume, 2—«over, 3—bottom, 4—injector nozzle, i>—plate with drilled 
hole, 6—heater, 7—electromagnet, 8—electro-timer, 9--manometer, 10— 
falveiwter. 
KETi (a) Vapor; (b) Boiling liquid; 

hermetically cloeed container, made from molybdenura glass. Temperature and vapor 

preeeure were controlled according to the system "thermocouple-galvanometer" and 

■MMMter. Correctness and conformity of readings of these instruments were 

verified with existing tables [6j. The centrifugal injector nozzle, mounted in 

the Mtallic bottom of the container, was covered by a plats, pressed to it with 

eprlnge. Through the plate was bored a hole,with the help of which, in the necess- 

the hole of the nozzle was opened. 

conducted in the following order. After attaining the 

planned values of temperature and pressure, heating was turned off and for some 

tins the ayatea was maintained while temperatures of the walls and liquid were 

eqpallisedl than, with the help of the electromagnet, the plate sharply was moved 

of latching of the bored hole with the outlet of the nozzle. With the 

motion of the plate under the pressure of the spring there was produced 

•Mtmff of the passed stream. Moments of starting and cutoff of the stream were 

filed by the electro-timer, automatically connected with the electromagnet. By 



means of weighing of the container before and after evacuation, was determined 

the quantity of expended liquid during the tine shown by the timer. 

Thus, the method of experiment had to give a high degree of accuracy of deter¬ 

mination of expenditure. But it turned out that the capacity of the container 

was 0.3 liter too small} which led to its rapid emptying (5 to 10 sec). There¬ 

fore, for obtaining stabler experimental points there was prepared another instal¬ 

lation with a larger capacity, on which were carried out all experiments in 

plotting of operating points (second series of experiments). 

Experiments on the installation, built according to the diagram (Fig. 1), 

were carried out in the range of pressures ps * 1.5 to 5 at. and corresponding 

saturation temperatures. Tn the process of emptying of the transparent capacity 

there was observed violent boiling and intense evaporation of the liquid in the 

entire volume. With emptying, the pressure In the volume fell somewhat (by 0.2 

to 0.5 at.); less noticeably, the temperature was lowered. This is explained by 

the fact that in the process of evaporation part of the enthalpy of the hot 

liquid is deteriorated. 

Another cause of such a phenomenon may be the possible nonequilibrium of the 

process of evaporation, when the liquid constantly remains somewhat overheated, 

and the free space can not be filled with vapor up to the saturation pressure. 

However, to establish experimentally the degree of nonequilibrium was very diffi¬ 

cult due to the inertness of the therm'»couple although during manufacture of it 

there were taken necessary measures for decrease of its time constant to 1 sec. 

For visual study of the structure of the two-phase flow, the injector notsle 

was prepared by a glass blowing method from transparent molybdenum glass. Diagram 

of the Installation with a transparent centrifugal injector notsle is shown in 

Figure 2. The flow section of the nottle had comparatively large dimensions, so 

that it was possible to conduct observation by the naked eye: diameter of the 

nottle opening dc = 6 mi, its length i,. * 30 mi; diameter of the swirling chamber 

D “ 27 mm, its length L * 30 um. Entrance of the liquid into the injector nottle was 

tested with two variants: tangential hole with diameter le ■ 10 a*a and 
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Ing screw with total area of flow aecti jiî equal to —~ . On this 

installation the nstal tank (boiler) had a much larger capacity (near 7 l), which 

was sufficient for 50 to 100 sec of work depending upon the degree of heating of 

the liquid. 

Pi^. 2. Diagram of installation with transparent injector nozsle. 
1—transparent injector nozzle. 2—cock, 3*~’tank, 4--<oanometer, 

5—galvanometer, 6—heater. 
KEY: (a) Vapor; (b) Boiling liquid; 

Control of regime parameters of boiling was carried out by means of measurement 

of Um teeqjerature and pressure of the liquid in the tank. 

of the operation of the transparent centrifugal injector nozzle,the 

aa well as the screw, showed that in the nozzle opening flow consists 

of two layers: a liquid peripheral layer in the form of an annular film and a 

oore. ötei» a picture was observed in the entire investigated range of vapor 

of water in the tank * 1.5 to 4.5 at. (Pig. 3 and 4). 

The dimension of the vapor vortex depends largely on the degree of throttling 

Gf Um boiling liquid, carried out here by the cock 2 (Pig. 2). With strong 

thus,with large vapor content at the entrance into the nozzle an 

of the vapor vortex was noticeable (Fig. 3 and 5).. 
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For small prsssures of th« boiling liquid at th« «ntrance into the nozzle 

1.5 at.) or with vei7 strong throttling, there was observed a pulsating regime 

of outflow, which is explained by the instability of the thin liquid film in the 

nostle opening, which is interrupted with a characteristic frequency. The same 

phenomenon, as is known, is observed during operation of injector nozzles also 

with a cold liquid, if the pressure drop is too small. 

On the basis of the conducted experiments two conclusions can be made. 

1. When boiling liquid goes into the inlet into the centrifugal injector 

nozsle, from the nozzle flows not only vapor as is confirmed in reference [2], 

but also liquid. 

2. In the nozzle opening the injector nozzle there taxes place separation 

of the phases: on the periphery is located a liquid film, in the center — a 

vapor vortex. 

The second series of experiments was conducted on an installation, not 

differing in principle from the setup shown in Figure 1. The purpose of these 

experiments was the plotting of experimental points for different heating (diff¬ 

erent pressure drops) of the liquid. Measurements of sat oration pressure temp¬ 

erature were carried out and flow rate was determined. Experiments were conducted 

with water, mixture 1 (polymer distillate - 56^, light oil of pyrolysis—40<, 

tricresol—4*) and with mixture 2 (27$ and 73$ HNi -^). Therefore in this 

installation the tank was made of material AK6, which is stable in the mentioned 

components, quantitative investigations were carried out with injector nozzles, 

the geometric dimensions of the flow-sections of which are given in Figure 6. 

With water, injector nozzles No 1 and No 2 were tested; with mixture 1— 

No 2; and with mixture 2—No 1, All these injector nozzles belong to the screwtype. 

Since to experiments with two-phase mixtures, bad reproducibility experimental 

points is peculiar, for one and the same regime experiments were repeated 

several times. Results of experimental investigations are considered together 

with the results of the theoretical calculations in U). 
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Fig. 3. Picture of flow 
of boiling water through 
transparent injector noz- 
tla with tangential inlet 
at various pressures at 
the inlet p,.

Fig. 4. Picture of flow c:‘ 
boiling water through trans­

parent injector nozzle with 
screw at various pressures 
at the inlet p^.

Fig. 5. Picture of flow 
of boiling water ’hrough 
transparent tangential 
injector nozzle with thr- 
o'tl.ng of liquid at the 
inlet at various pres­

sures P_.

fig. 6. Geoiwtric diiwisioos of flow-sections of injector nozzles: 
a) injector nozzle; b) cross section of screw. Designations: i—nuaber of
settings, ^—screw pitch, i^—<liamel er of nozzle, s—movement of helical line,
1—ecrew, 2—body of injector nozzle, 3—ring.
UT; U) Injector nozzle.



Experimental data on the outflow of boiling liquids showed the following: 

with outflow through an injector notsle of boiling water, which is a single chem¬ 

ical substance, pressure and temperature before the injector notsle correspond 

to the state of saturation, and the coefficient of discharge is significantly 

less than with outflow of * non-boiling liquid. 

A mixture of the type of keroaene flows into the discharge medium under a 

pressure greatly exceeding its vapor pressure. This is explained by the fact that 

in it *re low-boiling fractions, under the pressure of which there occurs squeez¬ 

ing out of the main mass of the mixture. Therefore the pressure before the 

injector nótales must be determined by the saturation curve of the light fractions. 

During outflow through an injector nozsle of liquids which are mixtures con¬ 

taining a large quantity of low-boiling fractions, for examr1®» 27* 4 73* HM0.J, 

pressure before the injector nozzles is near to the vapor pressure of the low- 

boiling component (in the given case 
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