108

ISSN 1648-4142  TRANSPORT
http:/www.vtu.lt/english/editions

TRANSPORT — 2004, Vol XIX, No 3, 108-118

MATHEMATICAL MODEL OF COMBINED PARAMETRICAL ANALYSIS OF IN
INDICATOR PROCESS AND THERMAL LOADING ON THE DIESEL ENGINE PISTON

Sergejus Lebedevas!, Galina L ebedeva?

! Klaipeda University, Maritime Institute, I . Kanto g. 7, LT-5799 Klaipeda, Lithuania.
Tel/fax: (+370 46 410197), tel:(+37068692086).

2 Klaipeda University, H. Manto g. 84, LT-5808, Klaipeda, Lithuania. Tel. (+370 61629450).
Received 2003 12 04, accepted 2004 02 17

Abstract. In the publication the methodical aspects of a mathematical model of the combined parametrical analysis of an
indicator process and thermal loading on the diesel engine piston have been considered. A thermodynamic model of a
diesel engine cycle is developed. The executed development is intended for use during researches and on the initial
stages of design work. Its realization for high revolution diesel engines of perspective type CHN15/15 allowed to choose
rational variants for the organization of an indicator process and to prove power ranges of application for not cooled and

created cooled oil welded pistons.
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1. Introduction

The advanced manufacturers of pistons from easy
silicon-aluminium alloys (Kolbenschmidt, Mahle etc.)
make efforts not only on the expansion of power ranges
of piston application («GalleriKS@y, «FibreKS@» mod-
els and etc.). The firms realize selective constructive reg-
istration and technological consolidation of pistons de-
pending on the level of power, the purpose of diesel en-
gines, and also necessary financial and material invest-
ments in the organization of their serial manufacture [1,
2]. For practical realization of such approach it is essen-
tially important to provide the nominate power ranges of
application of pistons of various design schemes. It is
characteristic that the recommended power ranges of ap-
plication of pistons of the similar design schemes are
widely used. Their range is rather essentially blocked
for various types of pistons. This circumstance is treated
as a result of the influence of features of an indicator
process of a diesel engine. It testifies the proven reserves
of the increase of serviceability of the piston at the ex-
pense of optimization of parameters of an indicator pro-
cess.

Therefore, in the context of the power of diesel en-
gines, it is rational to do accent on purposeful formation
of power ranges of the application of pistons. Especially
it is urgent when the opportunities of the choice of de-
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sign - technological measures of piston local hardening
and materials with progressive physical-mechanical prop-
erties are limited.

In the executed work such methodical approach is
accepted as a basis. It is realized by the development of
the combined parametrical analysis of an indicator pro-
cess, thermal loadings perceived by the piston and lim-
ited criteria of thermal stress of the piston. Thus the con-
structive - technological features of the design of pistons
and the used way of cooling are taken into account. The
application of development is focused on the stages of
design work and outline designing and also on the per-
fection of parameters of maintained park of diesel en-
gines.

2. Methodical aspects of a model of the combined
parametrical analysis

The combined parametrical analysis is realized by
sharing the generalized dependences of an indicator pro-
cess and thermal loading on the detail of a cylinder-pis-
ton group of a diesel engine.

The generalized dependences of parameters of an
indicator process. For the optimization of an indicator
process of a diesel engine on the parameters of fuel
economy as a basis the known method of search of
optimum of an indicator efficiency factor n; is accepted.
For this purpose generalized interrelations n; are used
with parameters of an indicator process: factor of surplus
of air (a); degree of increase of pressure in the cylinder
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(A); pressure and temperature of air at the beginning of
compression in diesel cylinder (P,, T,) or after
turbocompressor (P, , T,); degree of compression (g). The
basic advantages of the method consist of the following.
The limited number of the independent factors provides
the generality of the method which is necessary for the
stage of design work. The used graphic form of
generalization provides a presentational and clear
physical sense of the received results. The analysisisnot
limited to narrow frameworks of a researched diesel
engine complete set (design and adjusting parameters of
units). The opportunities of using the experimental data
of diesel engines - prototypes are raised by the reliability
of the results.

The efficiency of the used method is confirmed by
thedata of basic researches of Research Ingtitute of Engines
(Russia) [3]. Calculated by its authors — professor D.
Portnov and S. Pogodin optimum means of a, A, P, and €
for achievement n, .. were successfully used in the work
of perfection high revolution transport diesel engines.

Within the framework of the present researches the
preference is given to the similar approach of professor
N. lvanchenko and O. Krasovskiy [4]. Rather low
dynamics of an indicator process on diesel engines
CHN15/15 (A = 1,25+1,35 against A = 1,8+2,2 in the
works of professor D. Portnov and S. Pogodin is taken
into account. Besides the method [4] is more universal.
Theinterrelation of parameters of acycleissubmitted in
the form of graphic dependences of complex parameter
of level power up I1= (P, / (P;;) (350/T,) and n; in the
function of P__ /P, (see Fig 1).

The ratio P, /P,, in turn, is a product of two
determining parameters of an indicator process. As a
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result the functional interrelations ILn; = f(P,,/P, )
alow to carry out the multi parametrical analysis of an
indicator process depending on: thelevel of power (P,;),
restrictions of allowable mechanical loadings on details
(P ) @nd parameters of air cooling system (T,). As a
result, the optimum n; isreached by the choice of rational
quantity € at accepted a, P, A and P,.

Parameters of thermal loading on the piston. At the
stage of research work and outline designing of diesel
engines of unified type, asarule, it isrequired to execute
a significant number of various estimations of diesel
engines parameters. Therefore technically difficult and
expensive isthe application of experimental and modern
settlement methods of research, multi-zone mathematical
models and also intensively developing modern inte-
grated systems of computer designing CAD/CAM/CAE/
EPD (Unigraphics, Euclid Quantum etc.) [5].

Their application is more rational at the subsequent
stages of design work (technical and work projects). Tech-
nically profitable at this stage it is to use the checked in
practice methods based on one-zone models. So, in the
executed work for account of 0, - heat transfer coeffi-
cient is applied from a working body (from gas in diesel
cylinder) into the bottom of a piston, developed in CNIDI
formula (Central Research Diesel Institute, Russia) [6].

The use of o, - formulas in the decision of practi-
cal tasks for diesels does not lose urgencies and efficiency
[7, 8]. For example, after the number of modifications
known @, - formula of professor G. Woschni is used in
researches of both diesel and gas engines [9]. The a; —
formula CNIDI can be recognized not less successful.
The development is executed on the basis of the experi-
mental researches which have included the definition of
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Fig 1. The generalized dependences of parameter:

s of an indicator process of diesel engines CHN15/15:

a) perspective complete set: O, @, - € = 14; 15,3; 17 without air cooling; X,A, - € =14; 15,3; 17 with air cooling;
b) serial complete set
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heart balances of diesel engines, registration of param-
eters of indicator processes and local heart flows in de-
tails. As well as in the a; - formula of professor G. Wos-
chni, in the structure of dependence CNIDI criterion func-
tion of kind Nu = APr"Re™ is used. Constants 4, n, and m
are determined by the generalization of the results of tests
of wide scale high and middle revolution diesel engines:
6CHN12/14, 6CHN18/22, 1CHN25/34, 1CHN26/26.
Besides their successful approbation for diesel engines
CHNS5/15, CHN15/15, CHN15/18, CHN16,5/18,5 and
CHN16,5/15,5 [10] was taken into account.

Interrelation between parameters of thermal 1oad-
ing on the piston and parameters of an indicator pro-
cess. The calculation of parameters of heart flow in the
combustion chamber component with a — formula of
heart transfer coefficient is based on the use of instant
mean mass meanings of temperature T and pressure P
of aworking body in the cylinder, and also its physical
characteristics (A — factor of heart conductivity of gas,
Mg - factor of viscosity of gas). The meanings of A and
Mg depend on T, P and the structure of aworking body
—on afactor of air surplus (a). Therefore the decision of
the task is connected with the development of athermo-
dynamic model of acycle, which would alow to expect
acurrent of meanings T, in the function of integrated
parameters of an indicator process (a, A, €, Ty, P,).

In this case the combination of parameters of an
indicator process is considered as the factor of the form
of the cycle indicator diagram or its form-factor.

3. Thermodynamic model of a cycle of high revolu-
tion diesel engine

The analysis of athermodynamic model of a diesel
engine cycle [10] (further in the text of “cycle’) is an
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expedient to present function T =f(¢), where ¢ — a de-
gree of crank angle (°CA). It is explained by the deter-
mining role of the temperature characteristics at the for-
mation of parameters of thermodynamic perfection of a
work cycle and thermal loading on the detail of a cylin-
der - piston group. The substantiation of a cycle model
on the combustion - expansion process is executed bas-
ing on the data of the references and the results of ex-
perimental research of diesel engines (see Fig 2).

Functions T = f(¢) in zone of T, are characte-
rized by the presence of platform of provisiona T,
constancy (isothermal expansion). Its extent changes de-
pend on work regime, adjusting and external parameters
of adiesel engine. In particular its extent isincreasing at
the increase of the injected fuel portion g, (increase
P.;) (see Fig 2a), at the reduction the fuel injection de-
greein acylinder ¢, (seeFig 2b).

According to the generalized experimental datathe
part of fuel which is burning down at the end of isother-
mal expansion, is equal to size 0,7+0,8. The part of heat
transmitted to walls of details of the combustion cham-
ber does not exceed 3+4 %. Thereforeit is not allocated
in the separate component of heat balance.

The accepted thermodynamics of a diesel engine
cycle schemeon the site of compression, combustion and
expansion are shown in Fig 3.

The thermodynamic cycle T = f(¢) has the number
of control points conterminous to actual meanings of the
temperature of aworking body of areal cycle of adiesel
engine. Here T, T,,, T,, T, = T, T, — accordingly is the
temperature of the working body at the moment of clos-
ing of inlet valves, at the beginning of burning, at the
moment of the achievement of its maximal pressure of
combustion and maximal temperature of cycle (T ),
when opening exhaust valves.
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Fig 2. The change of temperature of aworking body in the cylinder of adiesel engine:
a CHN15/15; n=43,3 s; P =0,175 MPa; b) CHN15/18; n=33,3 s'%; $=0,26+0,63
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Fig 3. The thermodynamic scheme of a high revolution
diesel engine cyclein coordinates T, - ¢

Thesites T, -T, and T, - T, are described by alinear
function T =f(¢). Structure and specific heat of aworking
body on sites T,,-T, and T, -T,, are defined on average
for these sites by the meanings of temperature and afactor
of air using 3 (factor by opposite to factor of surplus of
air —1/a). The mean sizes of parameters of politropes n,
and n, for processes of compression from T_ to T, and
expansion from T, to T, are accepted constant.

Thefurther calculation of acycleis connected with
the establishment of functional dependence between T
and characteristic parameters of cycle, parameters of its
dynamics and parts of heat allocated on separate sites of
thecycle: ¢, -0y; ¢y -4, d7-0g,

Site of compression ¢-¢,

-1
' Ve +V.
Size Tg = Tﬁ%g ,where g, ==~ =5 and
a Ve +V
Ve +Vg _ .
€= accordingly degree of compression for
Ve +Va

current ¢ and ¢,; V. — combustion chamber volume; Vg
—working volume of the cylinder; V$ and V, —volume
of the cylinder appropriate ¢ and ¢,. Then at the mo-
ment of beginning of seen fuel combustion

TG—T g (here ) _M)

Sites of combustion ¢, -¢.and ¢Y_¢T

It is expedient to enter the concept of temperature
analogue of mean rigidity of cycle W,=(T,-T,)/(¢ - ¢H)
In result T=T,+W,(¢-¢,,). After repreﬁentamlon V,in
the functlon of relative moving of the piston Sy size
V,=VS where Sy =S,/S=0,5(1+AJ4- cos¢H - A
4@052¢H) The trigonometric function Sp=f(¢) is expe-
dient for presenting Sp=a¢?, where a=0,228+0,313 A,
to within +3 % for ranges ¢ = 0+40° CA and As
=0,23+0,32 (constant of crankshaft).

Then in the general form

= VetVs _ £ >, andfor thebegin-
Vc +VsS 1+ (g-1ad
ning combustions ¢,, meaning
€
(1

T 1+(e-Dap?

With use of the simplified expression for V¢ and
entered W, the calculation pressure

o = GoRoll, +Wi(6-0,) _
G

Ve +Vsa¢2
GeRs(e-1) T, +¥a(0-0,) | 2)
Vs 1+ (e -1)agp?

where G — mass of aworking body; R; — universal gas
constant. Here it is expedient from parameter W, to stan-
dard parameter of work process — degree of increase of
pressure

AN=P; /R = PZ/[PH (5/8a)n1]'

With the account before the accepted condition of
constancy of structure and specific heat of aworking body
onsite ¢, -9, isreceived:

2
Tz _PVz _, Ve +Vsabz
Tc RVc Ve

=+ (e~ 1)ap3).

2
+
YoV <1+ (e-103 =p;

C
will be named as a degree of initial expansion at com-
bustion. After that T/T.= Ap. After substitution W, in
formula (2) and its transformations the ratio of tempera-
tures T,/T,, occurs. For its definition we will address the
appropriate pressure at characteristic points of cycle

An =Pz /Py =A(e/ea)™
With the account (1)

Ay :Ah+(s—1)a¢ﬁ,]”1: Ao,

where p,, — degree of the change of volume of aworking
body at the initial phase of burning. Then T/T , will be
expressed by dependence:

Theratio

1+(-1agp3 _
" 1+ (e-1)ad}

AH Pz - )\Pzpﬁ_l,
PH
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then (2) will be transformed to form:

¢Z ) )\Hzm
Py = GgRs(e-1)Ty Pz~ bz —dn (3)
Vg 1+ (e -1)atp?

At the given inclination of straight line To=f(¢) on
the first site of heat intake (W,) angular coordinate of
point Y is defined by ratio A, =T./T:

Oy —6n _ Ty Ty _
bz —dn Tz —TH
1
Azy = 7\Hz
o HE T
)‘HZ
Then ¢y )\Z}\LHZl(q)z O )ty -

HZ
The similar result turns out after transformation

|:|l+l

O
Ty =Tz +Wi(oy —02)=T; EH(I)

Z (oy ~7)

ooog

¢H
H

The heat moved to aworking body on | and Il sites
of the combustion of a cycle is defined as the sum of
work and change of internal energy Q,=Q,+
Qyr=Lyy+tAU, L +AU, . Here Q,, and Q,; -
absolute mean size of heat moved to working body; LHY
and LYT —work accomplished by work body; AU, and
AU, —change of internal energy of work body.

On the site | of combustion

1
AUy =Ggoy (Ty - Ty)= GGC\/TZE\ZY ‘)\—Ez
HZ

Ayz -1 1
GGCVTZWE: Ggoy TH ()\ZY)‘prE —1),
Hz

where ¢, — specific heat of working body under con-
stant volume on site | of combustion. The formula (3) is
resulted in kind, more convenient for integration:

GgRs (e -1Th Eﬂ)z AzOn o 1 +
Vs E 0z =0n  1+(e-ap?

Fs =

“

Az=1. ¢
0z -0y 1+(e-1)ap? E

Having designated

GgRe(E-1Th _ A
Vs

bz ~AnzdH - B:
bz —dn

)\HZ _1 — D,
bz —0n

we shall receive:

2 2,2
c + AD C9
C2+¢2 C2+¢2

Work on site | of combustion

P; = AB

Vo Vy
LHY = LHO + LOY =- IPGdV + IPGdV’
\ Vo
whereL,,, —work of compression from ¢; to piston posi-
tion at the top point; L, — work of expansion from pis-
ton position at the top dead center (TDC) to ¢,..
After transition to integration on ¢ with the account
dv=2avdd, we receive:

by
H L do

fr I vl R

Ng H¢H ¢2 by ¢2 H
e T e

0 C%+¢?
Asaresult:

Luy =

Vs HO 1 > O 1 A
LHO_ABe—lén%\/a(g—1)+¢Hgln—a(e—l)g-

Ng B 1 =
ADE—_Slg'(I)H +mafdg[¢H Va(s_l)]a

Vg 2[' 1 H
ey T

s H 1 =
ADS—_Slg'q)Y ‘mamtg[qua(s_l)]a

Loy = AB

Then
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Luy = ABSV—_Sllan Py +ADsi_Sl<(¢y oy )‘

1
m{arctg[q)y\/a(s —1)] - arctg[¢ y+ale —1)}>.

According to the executed calculations, for ¢ =0+1,0
within accuracy +2,5 % we have arctgy =  -0,190/%,

where Y = ¢ /ale-1) . After the above-stated replace-
ment

Vg
Lyy =AB—=In +
HY e—1 PHPY

aG D)% -0 )

0,38AD Vs
s —_—

In the formulas of definition of work L, =L, Lyt
=L,, and change of internal energy AU, and AU, identi-

cal common parameter G;R,T,,. Therefore it's expedi-
ent to enter concept of specific quantity of heat on sites|

and Il - Q, and Q, :

Qny
GeRGT,
Then, on the site | of combustion

Qi =Qr = _Qm

6| :6HY: GaRaT, :

Q =Blnpypy +
0,38Dy a(s—l)(q)% -0 )+%O\ HzAzy -1).
For site Il of combustion

AU” =0,

L, =GgRaTy In—T =GgRTy InPT,
W Py’

Qi =AnzAzy InPT,
Py

_Ve +Vsady
Ve
working body on site | of combustion at point Y;

Ve +Vsah?
_ Vc tVsapt . .
PT = v, degree of expansion of working
c
body on site Il of combustion at point 7.
If to use p,=1+a(e-1)¢,> and p=1+a(e-1)9,% we

where py — degree of expansion of a

02 = Py ~PH

ale-1)

After transformation

receive ¢pZ —

Qi =Q +Qy =BlInpypy +

038D FL_PH 5, }‘ZYp_"'%()‘HZ)‘ZY 1).(5)

Ja(e-1) Py

The left part of the expression (5) in view of the
accepted condition Q,,, = (0,7..0,8)G,Q,,, and also 3 =
14,3G/G,;; will be transformed to:

o = (0,7..08)Qy . ©)
(1+143/B)TH Rg
Site of combustion ¢ .- ¢,,
For the definition of n, we shall take advantage of
the known equation of balance of heat moved to awork-
ing body during politropic expansion

k-n,

Qm = (CVTTT CvTb )G (k — parameter of

2~
adiabate; ¢, and ¢, — specific heat of aworking body
under constant volume at point T and point b). In this
case Qp, corresponds to active allocation of heat () on
the site ¢ - ¢, and calculate on the equation
Qmb =QuGy (b &) = Qn Gt Ly,
Then

(e Tr —ceTh)Ge

k—nz
Gy Ey, =
QuGA&m =7
or

B k—nz _
Qn 143+l3 e _1(CVTTT SvTh). (7)

Having designated the left part of equality (7) by

factor a and parameter in brackets of the right part — b,

k+%
%+1. ®

The mean size n, is defined on the equation (8) by
the method of iterations.

The developed algorithm allowsto simulate T and
P in function ¢ on site of compression - combustion -
expansion of cycle of high revolution diesel engine de-
pending on B, A, A, T, Ty, € ¢y, ¢, . The subsequent
analysis has allowed to establish rather small influence
of A, ¢, and ¢, on T, and to reduce number of inde-
pendent argumentsto B (a), A, €, T,

As an example in Fig 4 the dependences T = f(9),
designed are given on the basis of the real indicator dia-
grams and developed algorithm.

we shall receive n, =
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Fig 4. Comparison of the current meanings of a working
body temperature in the cylinder of a diesel engine
12CHN15/18: a)n=33,3s!; ¢,, =25 ° CA before TDC;
b) n=33,3 s°1; ¢, =22 ° CA before TDC;

experiment, ------ calculation

4. Parameters of an indicator process and thermal
loading on the piston

Definition and research of interrelation mean for a
cycle (mean of heart transfer process) quantity of o,
Tom @PET 1, TPETC ) with parameters of an indi-
cator process is based on the research [10]. Its basis is
the mathematical model of cycle high revolutions diesel
engine which is intended for the calculation of the pa
rameters of a working body and the characteristics of
heart formation 7, Pg, X=f(a, €, A, P, T ). The coeffi-
cient of heart transfer from aworking body in to the bot-
tom of apiston [6] is defined by the equation:

ag = %,75+58,6CD§<
m

gf’ W/(m?- K), 9)

)‘7G m ® I:’G

u2°0D 0 HReTe
A — factor of heart conductivity of gas, W/(mK); s -
factor of viscosity of gas, kg/(mis); P and T — accord-
ingly, pressure and temperature of gas, N/m? and K; C_
— mean speed of the piston, m/s; D — diameter of the
cylinder, m; R; — gas congtant, J/(kgK).

For structurally similar diesel engines factor

5
D i}
,75+58,6%mg) i i
% C.HID O is entered in the category of

constants (N). After that (9) will be transformed to

5
Ag E Pe g

ag =N-—= . The transition to the combi-
e’ tReTe

ned parametrical analysisis reflected by a system of the
equations (10)—(12):

5
ae :N"GH Ro g 10
n2® BReTe
)\G,HG = f(C(,X,TG), (11)
T, P, X = f(0,e\, Py, To). (12)

At the joint decision (10)—<12) the conditions of
similarity for parametersof heart transfer from aworking
body into the bottom of a piston are expressed by
dependence a, 7 = f(g, a, A, P,, T,) (without an
appreciable error for calculations it is accepted P, = P,
T,=T,). The block-scheme of a model of the combined
parametrical analysisis givenin Fig 5.

The trangition to the average for cycle ag ., 7g
(aPET, 1y TPETS ) is based on the statistical analysis
of results of multi-alternative accounts. The definition
of the most important factors of regress in polynomial
dependences o ,, and T, is executed by the analysis
of the saved sum of sgquares at the expense of regress Qp
and criterion of Fisher Faninz 1t is known that the
increase of anumber of thefactors (parametersof acycle)
worsensthe degree of conditionality of matrix of normal
levels and results in the deterioration of stability of a
regress model. The introduction of the most important
factor results in sharp change of Qp and F, , » The
process of input can be stopped, if the next factor brings
Qp share smaller than established beforehand. In the
present researches 2,5 % was accepted.
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Fig 5. The block- scheme of the combined parametrical analysis

Asaresult it is determined that the most important
factors located on the degree of influenceonag ., 75
are:forag . (aP%Tg ) —a,& N P for T (TFTG )
—a, T, A, €. For the convenience of practical use the
dependenc&s Ogm (GDEFG.m.H) and TG.m (TDEFG.m.H) ae
submitted in function of the interconnected parameters
of adiesel engine P /P,, Q, €, A, T,. The influence of
parameters of air after turbocompressor (P, and 7)) is
reflected in the form of additional factor - accordingly
GDEI—G.m.H /F’ko'5 :f(Pmax/Pk’a) and TDEFG.m.H (TIJBSO)O'S
= (P a/Pro @ €). Thus, the necessary conditions for the
performance of the combined parametrical analysis of
the characteristics of an indicator process and heart -
mechanical intensity of apistonin function P /P,, and
€Ore,a, A, P and 7, taking into account P /P, = €"A
are executed.

5. Combined parametrical analysis of an indicator
process and thermal loading on the piston

The feature realization of the above-stated method

consists of simultaneous scope by the analysis of all
researched range of power of diesel enginestypeon P ;
[11]. Such approach answers the basic condition of
unification of diesel engines of a unified standard type.
It createsthe preconditionsto the devel opment of uniform
principles of a realized indicator process and allows in
full to estimate the efficiency of the accepted design
decisions on the acquisition of models of atype (first of
all by unitsof fuel and maintenanceby air systems). There
areinvestigated levels of perspective power up P, = 1,2;
1,4; 1,6 MPain the executed work. Using the generalized
interrelations of parameters of an indicator process n;,
P /(P T = f(€, a, P /P,,) the possible variants of
organization of an indicator process are determined. The
variants are considered as combinations of parameters
a, P, A, € (4 combinations anumber of the fixed levels
a = const). Theredtrictions P, and a chosen variant of
air cooling system (ACS) on condition T, = const are
taken into account. The task of extreme allowable
meaning P, took into account real safety factors of
details of diesel engines. At the choice of the combi-



116

nations of parameters of an indicator process, the con-
dition of approximate constancy of the specific effective
fuel consumption b, = const was realized.

For each of the considered combinations of the para-
meters of a diesel engine the meanings aP¥" . and
TPET. ., were calculated. Then their combinations as
points are put in anomogram field aP&T; - 79ET
(see Fig 6). To each of the analysed levels of power P
in a nomogram field there are equivalens as the local
areaislimited to the appropriate combinations aPET
and YDETG.m.H'

For the parameters of fuel economy all combinations
a, P, A, eareinvariant: for fixed P, itsrealized condition
b, = const, andinall range P,; =1,2+1,6 MPa —condition
b, = const. Inanomogramfield the parameters of thermal
intensity are reflected, which are limited to the reliable
work of the researched design of a piston (maximal
temperature of piston bottom, temperature of cha-
racteristic zonesof design Ty, Stress o, ;). Thelimited
parameters of thermal intensity are reflected in the form
of linesof constant levels. Theintroductionintheanalysis
of severa criteria allows to allocate the limiting and to
concentrate attention on them. In the considered case in
Fig 6 reliability of work of apiston is connected with the
level of characteristic temperature in a zone first ring
ty, =220 °C.

Thedeveloped approachisnot limited to theanalysis
of stationary loading on the piston. The analysisof design
of the piston is possible using the criterion of fatiqued
durability. Arising stressfrom the stationary temperature
field is taken into account and also variable mechanica
loadings (frominfluence P, . .). Hereit istrue to use the
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results fatiqued of tests of the piston and to generalize
them in the form of the diagram of Gudman - Serensen.

The analysis of a mutual rule of lines of constant
levels T, Oper = const and fields of researched levels
of power up P_; alows to make the multi alternative
estimations of rational organization of an indicator
process. As aresult the application of not cooled piston
or the necessity of use of the cooled piston is proved.

For example, for CHN15/15 at equal thermal loading
of the piston the reserve of power on P, in comparison
with a base complete set of adiesel engine makes about
20 %: 1,4 MPa against 1,15 MPa. The mutual rule of
fields and levels perspective (O), and redlized (@) of
power up in Fig 6 testifies it. The prevailing influence
on the temperature of a piston is rendered by a mean.
Theoretically, the increase of a from 1,75 to 2,25 keeps
constant thermal loading on the piston (modes | and I1-
I11). Therefore, it is possible to use not cooled piston. In
real conditions the maintenance of the reliable starting
characteristics of diesel engines limits the borders of
possible decrease € to 13+14. The range of possible
change a isaccordingly narrowed a so. Otherwisein view
of low dynamics of anindicator process the condition on
restriction P, isnot satisfied. Asaresult, the transition
to cooled by oil piston becomes compelled already from
P12 MPa.

Similarly there are decisions of tasks for other
variants of acomplete set of diesel engines. Onthebasis
of the offered combined parametrical analysis method
the complex of the computer programs was created and
successfully applied in practice. In particular, using the
electronic - beam welding and hardening in vacuum
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Fig 6. The combined parametrical analysis of an indicator process and thermal loading on a piston of diesel engines type
CHN15/15: O — increased fuel injection pressure, ® — standard complete set (I-€ =15,3; P, .= 0,96 MPa, Il - £ = 15,3;
P, .=117MPa,lll -e=14; P .= 1,17 MPa)
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the welded cooled by oil piston is created for diesels
CHN15/15. It is supplied with the optimum temperature
of zone of thefirst ring and the mechanical stressin basic
elements of a piston are reduced by 30 %. The modern
computer software is applied for settlement research: 3-
D designing of details and units “ SolidWorks” and
mathematical modelling of temperaturefields, stressand
deformations of details “CosmosWorks'. The creation
of avolumetric certainly - element model of the piston
allowed to combine the research of the temperature and
intense condition of the piston. The volumetric certainly
- element model of the piston and the received results
arereflected in Table and Fig 7.

6. Conclusions

The complex of theoretical, calculation, design and
experimental research which allowed to develop and re-
alizein practice the complex approach to the creation of
pistons for high revolutions diesel engines is executed.
The methodical basis of the development is based on the
use of the combined parametrical analysis of an indica-

tor process and thermal |oading on the piston. Thermo-
dynamic model of a diesel engine cycle is developed,
which would allow to expect acurrent of meanings T in
function of integrated parameters of an indicator process
(a, A& T,P,).

The practical realization of themethod issuccessfully
executed for diesel engines of perspective type CHN15/
15: their power was on 6070 % to level P, ; = 1,6 MPa.

The devel oped method isrealized on the basis of the
principleof influence onthermal loading of apiston (details
of a cylinder - piston group). It alows to expand the
potential use of various congtructive complete setsof piston
expanding their power ranges of gpplication on P, ;.

For perspective standard type of diesel engines
CHN15/15 the range of use of the not cooled piston is
extended to 30+40 %. The positive results of the
approbation of the method for high revolution diesel
engines of perspective standard type CHN15/15,
CHN15/18, CHN16,5/18,5 testify its profitability. The
method isexpedient for use during research design work
and outline design — at a stage when the shape of a
product and its basic design data are formed.

Temperature of the welded piston of diesel engines CHN15/15 (P, = 1,6 MPa)

fdeageRzedons
BATRLEYELLY
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Temperature of the piston, °C
Complete set of piston
tPc thax tfp tPrl tPr2
Not cooled piston 280 285 272 240 202
Cooled piston (circulation)  [250 255 243 205 162
Cooled piston (shaking) 238 239 227 190 157
b)

Fig 7. The volumetric certainly - element model of the piston: a) and temperature field, b) of the welded cooled piston of diesel

engines CHN5/15 (experimental compete set, P_.= 1,6 MPa, n = 2600 min - !)
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