46 . . . . ISSN 2076-2429 (print)
[Ipani Oxeckkoro MoJIITEXHIYHOTO yHIBEpCHUTETY, 2015. Bum. 2(46) ISSN 2223-3814 (online)

UDC 539.377:624.074.433

A.A. Kozhukhar, Master,

P.O. Bilous, PhD, Assoc.Prof.
Odessa National Polytechnic University, 1 Shevchenko Ave., 65044 Odessa, Ukraine; e-mail: aml28@mail.ru

PRACTICAL METHODS OF CALCULATING THE
AUTOCLAVES’ THERMAL STRESSES AT BUILDING
INDUSTRY

A.A. Koacyxap, 11.0. Binoyc. IIpakTHYHA METOAMKA PO3PAXYHKY TeMIIEPATYPHHUX HANPYKeHb Yy KOPIycaX aBTOK-
JaBiB OyaiBeasHol ingycTpii. PoGoTa nprcBsueHa CTBOPEHHIO CHPOIIEHOT METOAMKH PO3paxyHKy HAIpy)KeHb, sIKi BHHHKA-
I0Th B KOPITyCi aBTOKJIaBa y pa3i HEJiHIHHOrO PO3MOaiIy TeMIIepaTypHOro I0JIs 32 BUCOTOIO B HOTO MOMEPEYHOro mepepisi.
Jl1s TemnepaTypHOro HoJisi aBTOKJIABiB BUKOPUCTAHO KyCKOBO-JIIHIIHY (YHKIiIO, IKa MAKCUMAJIBHO BiINOBi/ae eKCIIEpUMe-
HTaJBHUM pe3yibTaTaM. Ha mincTaBi rinoTes3n miIOCKUX Mepepi3iB OTPUMAaHO BUpA3 Ul TEMIIEPATyPHUX HaIpyKeHb. Buko-
HAHO aHalli3 1X PO3MOiNy IO BUCOTI KOPIYCY aBTOKJIaBa. TeCTOBHH MPUKIAL MiATBEPIHB JOCTATHIO €()EeKTUBHICTh MOAAHOL
METOJIVKH 1010 IHKCHEPHHUX 3aCTOCYBaHb.

Kniouosi cnosa: aBTOKIIaB, TeMIepaTypHUH IIepena, piBeHb KOHJCHCATY, TEMIEePaTypHI Halpy>KeHHSL.

A.A. Kozhukhar, P.O. Bilous. Practical methods of calculating the autoclaves’ thermal stresses at building indus-
try. The study is devoted to elaboration of a simplified method for calculation of stresses arising in the autoclaves’ casing in
the case of nonlinear distribution of temperature field on its cross section height. The piece-nonlinear function is applied to
the temperature field of autoclaves as maximally corresponding to experimental results. On the basis of flat sections hypothe-
sis an expression for temperature stresses is obtained. The analysis of their distribution by the autoclave casing height is
made. The control test confirmed a sufficient efficiency of the offered method for engineering needs.

Keywords: autoclave, temperature difference, condensate level, thermal stresses.

Introduction. While brick and various building structures accelerated thermal processing with
humidity treatment used are such devices as the steam chambers or autoclaves. Such chamber body
represents a thin-walled cylindrical shell fitted with one (dead-end autoclave) or two (transition auto-
clave) lids designed for resisting both high internal steam pressure and significant power loads. All
pressurized chambers are based on end-bearing and intermediate supports. At the operating autoclave
always held is the temperature difference between its casing’s cylindrical shell top and bottom sec-
tions. Generally, the lower section temperature during the chamber operation is less than the tempera-
ture of the upper generatrix section. Due to that difference at the bottom accumulated are the treatment
process products and the condensed steam. The chamber body is therefore prone to thermal stresses.

The temperature field mode imposes study of its impact on the autoclave’s overall stress-strain
state. Respective thermal stresses, superimposed on the stresses due to internal pressure and the local
power loads (from the weight of the processed pieces bearing trolleys train, as well as the autoclave
and auxiliary machinery bodies weight), can cause stress exceeding the allowed tolerances. Therefore,
to ensure a reliable and durable autoclaves’ operation necessary is a proper assessment of the value of
thermal stress from the actual temperature field distribution on its body cross-section.

Literature review. A comprehensive analytical study of thermal stresses arising at cases of pres-
surized chambers used by the building materials industry is exposed at [1]. Its results’ implementation
requires applying numerical methods with respective software products use. The analysis of such
stress approximate estimation therein represented demonstrates that these methods are based on large-
ly approximated principles of temperature distribution over the cross-sectional height of the chamber
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casing. In this context, we adopted for our study such distribution principle maximally close to the real
situation thus eliminating the need for a complex calculations’ algorithm.

The Aim of the Research consists in the creation of a practical engineering method for the con-
struction industry autoclaves’ bodies temperature stress calculating. This is due to the fact that in prac-
tice when pressurized chambers body designing, often necessary is to estimate the thermal stress
properly not involving the PC-aided calculation, to get results considering such casing as a thin-walled
cylindrical shell.

Main Body. Since the non-uniform temperature distribution along the autoclave cross-section
height the rising takes place from the intermediate supports, similarly to studies [1, 2], we consider
the casing as a cylindrical shell of length L, radius R and thickness /4, supported only at the front edg-
es’ end supports (Fig. 1).

Generally accepted is that at con- 7 Y

struction industry pressurized chambers [ f .\g Rl -

use the temperature field distribution is X \\ T \Rh T
following: along the housing’s longitu-  f—-—--—-—-——-—- - - — - LY, == CH

dinal axis x, the heating temperature 7' L ) I I
remains constant, and lengthwise the ' ~
axis y (Fig. 1) from the upper generatrix

to the condensate mirror (height H) it a

decreases from T3 to a value 75, and then Fig. 1. The autoclave design scheme (a) and the temperature
abruptly drops to the 7} value. The tem- diagram of its body heating over cross-sectional height (b)

perature variations by the body thick-
ness and its convective heat exchange with contacting media are usually neglected.

In this regard, the temperature change along the casing’s cross-sectional height shall be consid-
ered as a piecewise linear function, which equation, according to Fig. 1, is:

Tl+u(R+y), —-R<y<-R+H,
T(y)=

T+M(R—H+y) -R+H<y<R

' 2R-H ’ I

Since none external transverse loads present, the bending of a cylindrical shell-beam corresponding
to the chamber body can be considered clean. Then, thermal deformation taking place, its cross sections
remain plane and normal to the curved beam axis (flat sections hypothesis), only normal stress &, ap-

pearing at these sections. In this case, the longitudinal deformation holds a linear relationship
e, =a+by,
where a, b — represent some constants.
According to Hooke’s law, taking into account the temperature component, this deformation [3]

c
~+o,.1(y),
E T (y)

e, =

where o, — coefficient of the casing material linear thermal expansion;

E — this material’s elasticity modulus of 1* kind.
Respective stress

o, =Ele, —o;T(y)]=E[a+by—o,;T(y)]. (D
In the absence of external loads, for longitudinal force and bending moment valid will be
N, =[o,dF=0; M, =[yc dF=0, )
F F

where F' =21 Rh — area of the casing cross-section.
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Assigning the (1) dependency to the expression (2)
1
a:a’TF; b:aTITa (3)

where F; =IT(y)dF;
F

I, = [y T(y)dF ;
F
I — axial moment of inertia of the casing cross-section:

I=nRh.
The parameters F; can I, be respectively identified as the thermal force and thermal moment.
Assigning constants (3) to the dependency (1) we obtain normal stresses
F 1
C, =0LTE(?T+TTyJ—OLTET(y). 4)
The equation (4) is suitable for stress analysis, the values of temperature 7;,7,,7; and F; and I,
integrals being known. Calculating these latter we must divide the interval [-R, R]of variable y
changes into two intervals [-R,— R+ H] and [-R+ H, R], corresponding to the straight portions of
T(y) function changes’ diagram; then
Fr =2Rh[ A4, (0,5t -0, )+ 4, (0,5t+a,)—(B,—B,)Rcosa,],

2 .
I, =R3[B, (0,5t -0, )+B, (0,51t +0a,)— (IR 2)COSOLH+(BI—BZ)SII’1(XHCOSOLH],
where 4 =T, +B,R, A, =T,+B,(R—H),
Blz—Tz_Tl, Bzz—T}’_Tz ,
H 2R-H
. R—-H
a.; = arcsin ,
R
2RH — H?
cosOLy = —— .
R

Thermal stresses, corresponding to (4),
( )_{ocTE[(C—AI)+(D—B,)y], ~R<y<-R+H,;

E[(C-4,)+(D-B,)y], —R+H<y<R, ®)

where C:%"'(Az _Al)a_H-F(Bz —Bl)% ,
T T

B, +

Do B+(B B)(—H 2cosocH.
2 T

_sin(chosoch (Ao 4)

At temperature linear distribution along the casing height
L-T _2R
,-T, H’

T,-T, 2R-H
L,-T, H

b

B2=BI s
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4, =T, +B,(R-H)=T,+ BR+(I, -T, - BH) = 4,.

In such a case, according to (5), the temperature stresses o, do not arise.

Thermal stresses at the autoclave body forming a shell of radius R, are defined by temperature
changes AT, =T, -T,, AT; =T, —T,, and the condensate level H height.

Results. At the test example of thermal stresses calculation according to the proposed procedure,
we consider the serial autoclave AP 12-3,6x2,7 with the following parameters: R = 1,8 m, # = 0,022 m
(housing material steel 15K E = 2,1-10° MPa and a7 = 1,2-10” grad™). For such pressurized chamber at
H =0,2 m corresponding to the experimental data of the All-Union Research Institute of Cement Me-
chanical Engineering (Tolyatti, Russia), the temperature function graph can be represented by a broken
line with the following characteristics: 7;=T7T(—R)=90°C, T,=T(—R+H)=160 °C,
T;=T(R) =160 °C.

The thermal stresses’ values and the calculations results obtained on the basis on the pressurized
chamber shell body diagram used in [1], are presented in the table. It can be concluded that the engi-
neering method allows getting results close enough to the values corresponding to this scheme. The
smallest differences values are registered for maximum tensile stress at the lowest point of the casing
cross-section.

Results of thermal stress calculation for the pressurize chamber AP 12-3,6%2,7

i ) Thermal stress o,, MPa
Hell cross-section point . _ .
Engineering methods Refined accuracy calculation
Lowest point 124 141
Point at the condensate level —49 -39
Upper point 17 22

The results of stress calculation (5) when condensate level H = 0,2 m depending onto temperature
drop AT; at (AT; =0) are shown at the Fig. 2, and for the temperature drop AT; =70 °C (AT; =0)

depending onto H refer to Fig. 3.

G,, MPa c,, MPa
S0 80
N2 2 i1 \VEI ) g
| 1 I3
-18-12-06 0 06 ym -18-12 06 0 0,6 »m
Fig. 2. Temperature stress distribution diagrams at Fig. 3. Temperature stress distribution diagrams at
AT, =70°C (1), AT; = 50°C (2), AT, = 30°C(3) H=012m (1), H=024m (2), H=0,48m (3)

It is evident that in the lower and upper autoclave casing regions the tensile stress takes place,
and in the central region the compressive stresses do act. At the lowest point of the body cross-section
the tensile stresses are always maximal. These stresses are reduced along the cross-section height and
are replaced by compressive stresses. At the height of the condensate level H they are maximized. Fur-
ther, they drop down being again replaced by tensile stresses in the upper body part but their value is
negligible at that.

The temperature A7, (A7, =0) difference decrease the reduction of both the maximum tensile

and maximum compressive stress (Fig. 2) takes place. Increase in the level of condensate H leads to
the maximum tensile stress reduction and increase in the maximum compressive stress (Fig. 3).

Conclusions. These results indicate that the maximum tensile thermal stresses values, necessary
for autoclaves’ body strength evaluation in terms of their crack resistance can be determined according
to the proposed approximate method with sufficient accuracy for engineering applications.
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