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ABSTRACT: An analytical model was developed using the lumped mass parameter method
to estimate temperature distribution of metal parts and refrigerant of the hermetic recipro-
cating compressor. All of the lumped mass has been equated with the first law of thermody-
namics. In the delivered equation, correlations of heat transfer coefficient in the heat transfer
equation were taken from open literature. The equations are solved by Gauss-Jordan method
simultaneously.

To verify the developed numerical program, an experiment was conducted with a domestic
refrigerator. The compressor which had been installed at the bottom of the experimental re-
frigerator was modified to measure internal temperature. Model verification test was conducted
at 30C outdoor temperature with variation of compressor cooling conditions. As a result, there
is a good consistency between calculated temperature and measured one,
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Fig. 1 Schematic of lumped mass elements of
the refrigerant gas flow.

Table 1 Number of lumped mass elements

No Lumped mass elements

_1 | |Suction pipe

2| |Shell

_3 | [Suction muffler inlet

_4 | |Suction muffler

_5 | |[Between suction muffler and suction plenum
6

7

8]

9]
10

Suction plenum
G Suction chamber
Compression chamber
Discharge plenum
Between discharge plenum and discharge
muffler .
11} |Discharge muffler
12 Discharge line (shell inside)
13 Discharge line (shell outside)
14 Suction pipe
15 Shell portion above oil sump
_16 | |Shell portion contact with oil
171 {Suction muffler body
18 Line between suction muffler and suction
plenum
_19| [Suction plenum body
_20| |Cylinder body
21 | s [Discharge plenum body
22 Discharge muffler body
-23 Discharge line (shell inside)
24 Discharge line (shell outside)
25 Frame
2 Journal bearing
27| |Crank shaft (with connecting rod)
_28| |Rotor
29 Stator
30 Oil in oil sump
31 | L{Return oil from upper oil discharge hole
32 Return oil from lower oil discharge hole
"G :gas, S:solid, L : liquid

27

26
25 9

15

— 16

\\\\l LTI TR TTAL
i i
|
|
|
\\\\ T

Fig. 2 Schematic of lumped mass elements of
solid part and oil in the compressor.
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Fig. 3 Section view of a hermetic compressor.



380 qe -

Qi+ ;Zi mj ki ;=

Wi+ ;ﬂti,khi,k

d(M; u;)
dt

2)
+

= IZ;H,»_,(T,— T+ S, @)

oqg71M, He € A9-EA(W/C), he A29(J/ke),
Me AFkg), me AFF(ke/s) L wE
B (kg LhehaTh

23 Yo 7p2 0] of L X] WA A

A4A &E71E Fig. 4o el whel o] gt
%71 4 Je Wl IdR7F FY vEEE 499
T HEFYETHE HAsn ot

U718 ¢@ss Yoo g iR HYL
O 22 HHoE WAL fE8H, old
B2E wAAd YehtlE £xbE Table 194 A
BE AFAFA WEo)

FYF U9 7k2(D)e] tiEte] o] AAA A
Aol dAste AFHAFAE FLIW Th),

el 712(2), F9 #Ed g7 7120
% EYH(14) STold o FAH Wi A2Q)
A & VAR AL 449 2.

2
4

Hy, inier Tigger— T1) + Hy (T, — T1) @
+ H1,3( T3 - Tl) + H1,14( T14“‘ T1) =
Muffler Inlet
Muffler
| B
/\D i
'J Indirect Inlet
Suction Inlet
O U | ©) Direct Inlet
o . Suction Plenum
o Discharge Plenum
O O

Fig. 4 Schematics of suction/discharge plenum
and muffler.
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Table 2 Specifications of a domestic refrig—
erator

Input data:
geometric data
operating condition

v
Cafculat%loss & compr %ssmn work
y iterative met

[ Initialize the variables ]

Calculate thermal conductance &
coefﬂcsents of equations without
internal radiation

kR
[ Solve temperature eq. |

[T sher=Teren| < € ?

External dimension
(mm)

Effective volume (L)

Refrigerating method
Refrigerant
Expansion device

T40(W) X 725(D) X 1729(H)
Freezer 122
Refrigerator 312
Indirect
R-134a
Capillary tube

Table 3 Specifications of a compressor

Stroke volume (cc/rev)

6.177

Yes <

nductanc

&

Horse power (HP) 1/4

v

}?ulate thermal co C

coefticients of equations inclu
internal radiation

Yes

Yes
Print output data:
temperatuge effucncncy

mass
heat trans er

End

Fig. 5 Flow chart of heat transfer program.
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Fig. 7 Comparison of element temperature be—
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value with 30C ambient air tempera-
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