TEMPERATURE DISTRIBUTION IN THE CYLINDER
BLOCK OF AN AXIAL PISTON PUMP

V. L. Rvachev, A, P. Slesarenko, UDC 536.2,.01
and N, D, Syzova

A calculation is presented on the three-dimensional temperature distribution in
the cylinder block of an axial piston pump; the heat-conduction problem is solved
by the joint use of finite integral transformations, the structural method, and
the Bubnov—Galerkin method. The results are compared with experiment.

An axial piston pump consists of a cylindrical block with holes passing through the
height of the cylinder; Fig. 1 is a simplified scheme for a symmetrical element in such a
pump. The characteristic parameters in an element are the radii r., r2, rs, the height of
the cylindrial block d, and the angle ¢ ; characterizing the symmetrical element, Pumps of
this type are widely used in various building machines and road vehicles, aviation engines,
etc.

The cylinder block is heated by the friction arising along the contact surfaces with
the conmponents moving relative to the block, mainly the piston. The surfaces S;, Sz, Ss
provide heat transfer from the block into the environment in oil. At S., heat is produced
by friction with the mating part. The surfaces Ss and S are insulated. Within the block,
S; supplies a constant heat flux qs.

The temperature distribution in the symmetrical element is determined by solving the
following heat-conduction problem:
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where vg(k=5, 6, 7) is the direction of the exterior normal to Sy, Bix=13.3 (k=1, 2, 3,
4); F=F,L%=3,48 deg; f| =Bix Tam=658.1 deg (k=1, 2, 3, 4); q>=qfL=—0.95deg; L=1 m;
z=z,L7' x=x,L", y=y,L7; d, =dL™*; p=Vx§+y2.

We apply a finite integral transformation to (1) and boundary conditions of (3)

dy
7-‘(x’ Y, T’) = '\ T(x, Y, 2) K(Z, ‘Y) dZ, (4)
0

where the kernel is

K(z, y) =cosyz+ Bi, sinyz
v

(5)
and is a nonzero solution to the Sturm—Liouville problem for the equation
X k=0, (6)
dz?
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Fig. 1. Scheme for an axisymmetrical element of
a cylinder block in an axial piston pump.

Fig. 2., Temperature distribution at the surface
of a cylinder block: a) from proposed calcula-
tion; b) from experiment (z%=2z,d~*; T,=T T'l)
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We obtain the following boundary~value problem in the transform region:
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where f; = | fif (2, v)dz (i =1,3); q7==s 9:K(2, y)dz ; the structure of the solution to (8) and
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(9) that satisfies the conditions of (9) precisely is represented [1-5] as

T(x, g v)= Qo 4 V+ 3 Cs(W Xy (x 1),

‘ W
where _ ~ _
Dy = — 0 [0,05007f | + O350 5 - 003050571 71 ;
X;;=® ”+m®ﬁﬁ-—Myhﬁﬁ—&@@m@rL&@@wm,
B = 03050607 + 00,0607 - O030607 - MW7 + O109W50g;
0, = (2 12— 1) (2r) 7Y 0 = (13— 22— ) (2ra) S
w5 = (kx — y) (kT + 17 05 = (4 — ax) (k3 + 1)75
w7 = [(x — xm.)z + (¥ — Yo — 7331 (2ra) 7t
© = [003(r 5o —r ?1) Al Ag (05A006) ; Mo
= M-+ Mp— Vm ; .

2a,

—1i

@;; = p®* cos 2—ICP, p=VE+P, o= afﬁg—% srg=rl7h.

P2

1026

(10)



TABLE 1. Results from Temperature Calculation

y
* 0,2 [ 0.4 | 0.6 | o 1,0
0,055000 0,075000 0,108333 0,155000 | 0,215000 -
0,2 0.054628 0,074458 0.106092 0,153752 | 0213999
0,075000 0,095000 0,128333 0,175000 | 0,235000
0.4 0074458 0,093144 0.127786 0,174052 | 0.234119
0,108333 0,128333 0,161333 0,208333
0.6 0.106092 0.127786 0,159998 0,207428
0,155000 0,175000
0.8 0,153752 0, 174052
o 0,215000
. 0.213999

In the calculation we envisage a symmetrical element of the cylinder block for r, =
0,026 m; t2=0.004 m} rs=0,008 mjy d=0.048 m} ky; =4; k,=0.,25; ¢ . =1,0804..,.; x5, =0,0812
m; y&, =0.0915 m.

The Bubnov—Galerkin system is as follows for the undefined coefficients Cij(y) in (10):

2 (Asjns + Bins¥ Cij (¥) = Ens(v) » (11)
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where k+s=0, 1,...,n;

Aijns = SY AX;XpsdQy; Bijps = — U X 5XpadSy;
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and Q; is the cross section of the body.

The solution to (11l) is found in the form
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where 1+3j=0, 1,...,n; ‘
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where Aksij(y) are the algebraic complements of the elements (Aijks‘*BijksYz) in the deter-
minant A(y).

The following is the formula for reversing the finite integral transformation:

b d
Ty )= XTW v V]| K@ va)dz K (2 ) (13)
m=1 0

for p~+,

The function T(x, y, z) is defined by this series and is a solution to the boundary-

problem of (1)-(3) in any case where the series allows of termwise differentiation twice
with respect to x, y, and z.

Figure 2 gives the temperature distribution at the surface of the cylinder block to-
gether with measurements (broken line) made at the All-Union Road-Building Machinery Research

Institute in Moscow. The calculation from (13) was performed for 15 coordinate functions
and p=50.

As a test example, we consider the case where the determination of the temperature dis-

tribution in the symmetrical element (Fig., 1) amounts to solution of the following boundary-
value problem:
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The integral transformation of (4) is applied to (14) and to (15) and (17) with the
, mmn
transformation kernel K(z, y) =cosyz~= cosiz—z to represent the structure of the solution

-in the transform region in the form of (10)1where i=1, 2:
- g o d
fi=‘§‘_sK(V, ) dz; f7=47=5f7K(1” 2)dz.
0 b
In the calculation we envisage a symmetrical element for the cylinder block for r;; =
O.l; r22=1.0; ro1=0.5;<p01=21r/7. g

The solution to (14)-(17) is derived from (13).

Table 1 gives the calculated temperature distribution for z=0,5 with use of the exact
solution
i

6

and the result from (13) for 15 coordinate functions and p = 50.

T =

NOTATION

T, temperature of element; A, thermal conductivity; Bi, Biot number; Tyy, ambient tem-
perature; Xi, yi, Z1, coordinates; F, = WA—'; W, specific power of sources.
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