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PROBLEM OF THE STRENOTH OF ZhRD (Liquid-Fuel Rocket 133 

Engine) BURNER WITH CONNECTED ENVELOPES 

by S.A.Dubenete 

Moscow Aviation Institute 

1. Introduction 

In the burner cooling systems used at present the pressure 

of the cooling liquid exceeds the pressure of combustion products. 

From the viewpoint of heat elimination. It Is advantageous to 

make the burner walls as thin as possible. But then the presence 

of the cooling liquid's high pressure makes It mandatory to strengthen 

the Interior envelope. A design solution was found in the form of 

a burner with connected envelopes. 

The connection between envelopes In modern burners Is realized 

by means of a contact weld or hlgh-temperature solder. The contact 

at the weld (solder) points Is accomplished either by means of 

special attached ties or through embossed lugs In the external 

envelope-Jacket. 
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The systens of connector arran?eraent can be:

(1) linear (Fig la),

(2) spiral (Fig lb),

(3) point contact (Fig 1^)

1. Systeme of connector arrangement.

The arrangement of connectors determines the system of 

envelope loading.

The choice of the type and system of connecting element 

arrangement acquires paramount Importance In the design of 

burners with connected envelopes.

Investigations of certain problems associated with the 

strength and resistance of the cylindrical part of the ZhRD 

burner with connected envelopes were carried out during 195^- 

1936 at the MAI (Moscow Aviation Institute). They Included 

both theoretical and experimental research. One of the theoretical 

Investigations Is briefly set forth In this article.

2. Loading System 

MC1-11y6/1-*-2
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In th« «xulnatlon of the burner It waa aaauned: 

R* la the radlua of the median aurfaoe of the Internal envelope (burner), 

R" la the eane of the external envelope (Jacket), 

h* la the thlokneaa of the burner wall, 

hN la the aame of the Jacket, 

£' la the modulua of elaatlclty of the flrat kind of burner material, 

£' la the aame of the Jacket, 

Whereupon v' = vM = v , the envelope Polaaon factora, were 

aaaumed to be equal. 

The portion of reaearch deacrlbed concerns the burner operation 

In the so-called hydro-pressuring conditions. Characteristic of 

these conditions are heightened pressure In the Inter-Jacket space, 

the absence of counter-presaure of gasses and gas temperature 

reaction. 

During the Input of liquid under pressure, reaction forces 

arise In the Inter-Jacket space at the envelope contact points. The 

pressure condition of the burner and Jacket will be determined by 

the value of th. liquid pre.eur. (rtll or Pthldko,t P! or 

^liquid) and the values of the reaction forces. The latter values 

are, In turn, functions of the liquid pressure, and alao of the 
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burner envelope rigidity, the arrangement ayetem and number of

connecting elements.

For determining the tensions In the connectors, the usual 

formula for calculating tensions In a stretched rod can be employed:

(1)

where Q Is the reaction force In the connector,

F Is the connector area ( area of envelope contact).

For the linear and spiral systems of connecting the envelopes, 

the reaction forces must be running ( Instead of Q • and 

respectively). Similarly, the contact area must also be taken as 

a running area.

After excluding from examination the external envelope-jacket, 

we replace its Influence with an equivalent system of forces.

Since their magnitude Is unknown, the finding of them must precede 

determination of the burner's pressure state. After making an 

assumption about the rigidity of connectors, the reaction forces 

can be calculated, equating the radial shift Inga**** of the envelopes 

at the points of contact. The following equation will occur:

where w' jb the radial shifting xet of the burner from the action



of the liquid pressure on the envelope;

W"_y, Is the same of the Jacket;

W'p Is the radial shifting of the burner from the effect 

of the reaction forces;

w"p Is the same of the Jacket.

The shifting (flexure) of the envelope toward the center of Its

curvature Is assumed to be positive.

For the envelope which Is under the action of uniformly 

distributed pressure, the radial flexure Is estimated according

to the known formula;

£.* *

IW
For various systems of connecting the burner envelopes, 

the flexure In axle z from reaction forces will be, of course.

variously determined.

For the case of the spiral system of connection, formulas 

have been derived In one of the studies of B.D.Kartashkln. Accord­

ing to Kartashkln, the flexure of an envelope under the action of

running radial forces. Is described;

f.M *•





R s R* s R" s 10 ci., h s h* s hN r var fron material 

Ya1-T. Pth b 1 kg/oi2 ; E b 2*106 kg/ca2. 

3. Burner with Linear Connectors 

It is easentlal first of all to know how the flexure (V) 

of a cylindrical envelope is expressed in case of its loading with 

n linear loads. For this purpose we use dependencies cited 

by V.M.Darevsky 1 ]* Examined In the work Indicated Is the 

pressure state of an endlessly long cylindrical envelope 

under the action of an elementary load on It. We remind that under 

an elementary load Is implied a uniform load, distributed In the 

section of the median surface, Halted by two pairs of lines of 

the envelope curvature. 

According to /* 1 .7, the flexure In axis z from the action 

of the load Indicated Is expressed ao: 

UP-D*. (6) 

Here D Is the linear operator. Its form: 

■£+[S4(1_„(i)V 

It Is readily shown that without making large assumptions, 
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It can bt represantad sot 

0,41-Ig-? (iju. 

le a spécial function, expreaaed by the «following eerie*: 

♦- £ /#(i)co«yT. 

Used In the expresslone for D and £» are 

¿ x 
S . --- the relative axial coordinate, 

R 

</> Is the angular coordinate. 

For our particular case the function £ can be considerably 

simplified, If It be taken Into accomnt that the loaded linear 

strip will be extended the entire length of the envelope, and Its 

width can be considered to be approaching zero* It Is essential 

to consider the latter circumstance a definite assumption, for 

In practice the width of the contact surface has a quite concrete 

finite value. 

For the case when such linear loads n are In the clrcum* 

ference, the flexure in axis Z Is represented In the form: 

+ ictfi)co.C+(l + C.^¿)..nC_^]). <7’ 

In this formula 

p” is the running linear force, 
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n it th# number of linear running foreee, 

£ It the current angle of the linear section for whloh the 

flexure it determined. For determination of reaction forces, it 

la necettary to assume the angle equal to aero. Then 

*-=¡*[£+10—)•.(£)']. 
(7) 

Here xn is an expression which characterises the curvature of 

the span between connectors 

ft II N M ■ 

The calculation of this function presents certain difficulties, 

inasmuch as ite value is determined as a difference of numbers 

seconding In value, whereas the difference Itself is a monotonie 

decreasing value. 

Employing the expression for calculating the flexure (7)« 

and also (2) and (3), we derive for the running reaction force, 

the formula: 

/>■- 

Í *î **• 
Irr +rs* ) 

a>1 
• 

1 (8) 

Analysis of the formula shows that Increase of the number of 

linear connecting elements does not always lead to reduction In 
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1 
th« reaction force« Incoalng to one connector ( Pig 3), 

It 1« Interesting to note that with Identical spacing« between 
e 

connectors, In ease of linear and spiral eyeteas of connection, 

the forces arising In connectors froa the pressure of liquid 

In the Inter-Jacket space, are equal or greater for the radial 

connectors ( Fig 3). 

<*• />• -/» 

Fig 3. Graphic Dependence Pk = f (\) »nd P11 = f(n) 

for burner R = R' = R" = 10 en, h = h* = h" = rm- froa 
»P 

material Yal-T. Pth s 1 kg/ca2; E s 2*10^ kg/cm2# 

Conventional symbols: "• linear connectors, 

———- radial connectors, 

A, Burner with Point Contact Connectors 

The method proposed In hie time by B.D.Kartaehkln can be 

used In approaching the determination of the reaction forces In 

the connectors. At first we determine the running reactions 

10 
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d#rlT«d In analysis of tha burner'• proasuro otate according to 

the foraulaa cited In ooetioai 2 or 3. For this purpose we 

aeenlngly unite adjacent points either In continuous rings or In 

continuous generatrix. After that, taking Into account the spacing 

between points, we replace the running force of reaotlon by the 

point force: 

where Is the point force of reaction« 

And similarly 

Qi-P-*/. (10) 

where Qn Is the point force of reaction determined by means of 

formula (8)« 

In the first case as well as In the second, the value of 

the point force of reaction depends on n and \ , the basic 

parameters of the point contact system of connecting envelopes. 

The Indicated dependencies are graphically presented in 

Fig 4. 

Stricter determination of the point contact forces of 

reaction is associated with considerable difficulties. 
i 

After disconnection of envelopes at the weld point, the 
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influenc# of the provisionally discarded external envelope Is 

replaced by equally distributed pressure (q) applied at the 

contact points, so that the sun of this pressure in the contact 

area Is equal to the full force of reaction (Q). 

Fig 4# Graphic Dependencies Q = f(n) for burner R 3 10.0 cm, 

h = h* = hM = 0.2 cm from material YaUT, Pzh s 1 kg/cm2i 

E r 2«10^ kg/cm2. Conventional symbols* — one ring of 

"n" lugs; — • — • — one continuous ring, ••••• ring of 

"nM lugs with / = 3,5 cm, continuous ring with 1= 3.5 cm, 

**-" ** - ** —' generatrix 1= 3.5 cm. 

For determining the reaction forces that Interest us, we 

again employ the derivations of V.M. Darevsky's work [\J and [2] 

about the envelope experiencing the action of an elementary load. 
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In the case under examination, the envelope la loaded with 

a system of elementary loads ( q*a*b = Q). The arrangement of them 

in the envelope, corresponding to the layout of embossed lugs, can 

be "rectangular" and "checkered". Just as before, 

l Is the spacing between elementary loads in generatrix, 

n la the number of embossed lugs (elementary loads) in circumference 

to Is the number of embossed lugs ( elementary loads) In generatrix; 

the number is Infinitely large, since an infinitely long envelope 

is being examined. 

Determination of the flexure (W) from the system of elementary 

loads must precede calculation of the reaction. It le evidently 

formed from the sum of flexures: 

(11) 

This Is for the "rectangular" system of lug arrangement. While 

for the "checkered", It Is: 

"i ••• i 

ir= l*Vj 2 V (12) 

In the expressions (11) and (12) 

W0 Is the flexure from the ring of "n" elementary loads; this 

ring lying In the coordinate plane "xy", 

Wf Is the flexure from one ring of "n" elementary loads 
13 
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but one that 1b spaced at distance I fron the coordinate beginning» 

etc. 

For the case with the wcheckered" arrangement, the nearest 

ring of n embossed lugs Is spaced at distance //2 away and 

shifted at angle ft>/2. 

<po s 2lPQ/n Is the angle between the lugs In circumference. 

Determination of the components of a full flexure embraces 

a series of operations. 

Just as before, In calculation of the flexure from linear 

forces W = d£, 

where D Is the same dual Laplaclan operator: 

and ¥ Is a special function In the form 

«& = V/f(')COS/Mp 

i>~" 

for the "rectangular" system. 

When calculating the flexure from the elementary loads arranged 

In the envelope according to the "chekered" system, the function $ 

« 

will be: 4*«£/,(*)sinPV- 
/r»0 

We will not dwell on derivation of an equation for determining 

the function /p(Ç) in the case when one elementary load fats on the 
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envelope; It hat been described In adequate detail ln [¡J% We 

note only that use can be nade of then, If the oharaoterlatlo 

equation of the following form le solved: 

^ + 4/^ + (HP* }- 4n*) ■ V H*” (^ -1 )’ • v + (A* - 1)* - 0. 

In the example considered, P Is the multiple 9 n the number 

of embossed lugs In circumference, and In any case larger than 6 

to 8. The Indicated characteristic equation can, therefore,be 

simplified. In the new writing, It assumes the fora: 

T|* r 4/» i»' + 6P4 • V + 4P* • V+^ ' 4* 4»* • V * 0 

or 

(V4-P’)4 + 4*4-V“0. 

If we denote 

then (jc4-l)*-f 4AJ*»=0. 

This equation Is easily solved. 

Omitting all essential transformations, the expression can be 

Imagined for the full flexure with "rectangular" system of load 

arrangement : W=£-\ktnfrt- pi) + kt (ji, + Ml- 

p#= l—e-'i’Qosxp-, 
15 
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In this forault 

m- ¿ [1 + (Cpi ’ »In pApi) f I -f Cpi coipApihe-f** |p)+ 

+(Cp» «In p • ^ I p I - Cp« • coi/» w4pip) r*^( p 11 ; 

m • 
jm-pJ) S **npApt 1«/+ p', — CptcospApi|n»i + 

-j. p I 1 ^1 - (Cpi «ln pMpi Im/- p I— 
— CptcospApi I*/—p| )r-^ (Cpi «In pApi | ml fpl — 

—Cp«co«pMpi|*»I—p|)S"fflf*,,"''H1—(Cpi’iln p^pi)(«/—p|— 
— Cp« coi pApt \ml-f |)e-^1 • ). 

Calculât Ion of flexura from the action of the sjateo of 

elementary loads with "checkered" load arrangement also does not 

cause special difficulties* It can be shown that sufficient for 

this purpose Is merely to calculate additionally the series 

Then the formula for the flexure assumes the form: 

e 
IT — -Q- [/fl« ü»0—P, - !»/) + Ki (|i„ -f- p,i). (14) 

T 

In the formulas cited aboye the coefficients Apl(Bpi,Ap2,Cpj 

and so forth*and also KlfK2,Kp-( are used. They can be calculated 

by the formulas: 

Apt ™ 
n 
140 
TIT 

e 
16 
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y-=a+ 1. + 0 « a — 1, /= b — k. 

u - ?, /» _ ï ?±5 

C'/>i =-2(é-|-/tKfl /?/ii k Rn\ 
Cp:-* 2(6 ;-6)(A7^fli a/?«), 

Cp,=*2(6 AiIAA*«!-f «i(l — Af/i||, 
C/),= 2(6 A)|fl/?«j A(1 Ai/i)|. 

o- + p 
‘ï* + b*)' 

]* 

Rn 

Un 

R'h 

*nk‘-4-b*) 
®*4- fl 

K> 

4l*Jf M) 
1 

\2kt+j{k' + a% 

{jla* — bk)-\- ru|, 

(2u-' 4-û — 6A), 

2Ä ’ 

d 4s the diameter of the welded point» 
K: 24(1 — »’) J» A" 

h> y> * 
,. _ Mû pl'COtf* 

ip' !l>~ 

For reaction determination angle <&= 0. 

It should also be Indicated that In practical calculations 

when summarizing in P, It la sufficient to confine one,*a self to 

two ( with very small numbers n, to three) terms of the ^int ^/n 

series. Moreover, for the majority of engineering calculations 

of burners, encountered In practice, It Is sufficient to limit 

the formula for flexures to terms /<c and /*n* This Is 

equivalent to determination of the flexure from the action of one 

ring of elementary loads on the envelope. Then, under any system 
MC14176/1+2 
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of loading ("rectangular" or "checkered") the expreaalon for 

the flexure attunes the forni 

+*»')■ . . 
M (15) 

Knowing the flexure under one of the eleaentary loada, when 

systen of tuoh forces It acting on the cylindrical envelope, one 

can turn to determination of the point reaction forces arising 

In the point contact connectors of the burner. For this purpose 

It Is necessary to equate one to the other the shlftlngs of the 

external and Internal envelopes at the contact points. That Is, 

after using (2),(3) and (13) or (14) or even approximate (15), 

we derive a formula for estimating the reaction forces In case 

of the point contact system of connecting the burner envelopes: 

(16) 

V- [kW(^ ‘H P" 1 

141 
\h2 

That is for the "rectangular" system 

But for the "checkered" system Is 

(17) 
E' 11 4i” (i*u — i* i + f i*,,) I' + ( .)"/;*-1 

If the value of the reaction forces Is sufficiently close 

MCI-1176/1+2 18 



( which 1« the usual result), then MCL-1176/U2 

, _ m\rn’ rn” ) 

^'"S, + A,%)'/ ' '+( )'/' 1 

(18) 

Design of real envelops shows that the aethoda previously 

known ( for exaaple, the method of Kartaehkln, Peodoa'yev) give 

resulte much too high (Fig A). 
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