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MATHEMATICAL MODELING AND SIMULATION OF
REFRIGERATING COMPRESSCRS

Rajendra Prakash
Professor of Mechanical Engineering
University of Roorkee
Roorkee, India

INTRODUCTION

Mathematical modeling is the most practical
way of studying the basic behavior of cycle
performance, the relative losses in various
components and the interaction of their per-
formance characteristics. Standard science
and engineering formulations are applied to
describe mathematically the basic processes
occurring in the compressor. Mathematical
modeling is not an end in itself but is a
step towards simulation and optimization.
Simulation is the calculation of operating
variables (pressures, temperatures, energy
ang fluid flow rates) for a system operating
in a steady state such that all energy and
mass balances, all eguations of state of
working substances and performance charac-
teristics are satisfied. 8imulation could
also be defined as the prediction of per-
formance with given inputs or simultaneous
solution of performance characteristics.
Simulation is used when it is not possible
or uneconomical to observe the real system.

The compressor is one of the five essential
parts of the compression refrigerating
system along with the condenser, expansion
valve (or its equivalent), evaporator and
the interconnected piping. The various
problem areas associated with mathematical
modeling and simulation are as follows:
thermodynamic analysis and modeling, heat
transfer within the compressor, mass trans-
fer Through the valves, flow forces on
valves and piston and numerous other design
considerations. The major progress in
compressor modeling has taken place in the
last decade, and is still in the development
stage, whereas the simulation of internal
combustion engines is in a very advanced
stage. The close parallel between these
two machines is helpful for mathematical
formulation of compressor processes excepht
that combustion process is not occurring in
the compressor c¢ylinder. The compressor
valve dynamics is also different from inter-
nal combustion engine case.-

The purpose of the present paper is to
supplement the reported knowledge' on analysig
modeling and simulation of refrigerating com-
pressors particularly in the field of its
thermodynamics and heat transfer. A mathe-
matical model has been developed which
includes the formulation of thermodynamic
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processes in the cylinder working space,
heat transfer in the valve passages and
within the cylinder, mass transfer through
the valves, valve dynamics and kinematics
of the compressor.

The physical model, to which the mathemati-
cal equations will be applied, is that of a
single cylinder reciprocating compressor as
outlined in Fig. 1, the model may be

divided into three interconnected systems:
(i) cylinder working space with valves and
piston (ii) a suction chamber with a length
of suction line and (iii) a discharge
chamber with a length of discharge line.

Gas pulsations effects in suction and dis-
charge lines have not been investigated in
the present study and the intake and exhaust
processes are assumed to take place at con-
stant pressures. Hence, the focus of
attention here is only on cylinder processes
and events.

THERMODYNAMIC ANALYSIS AND MODELING

The thermodynamic processes describe the
successive gtates of refrigerant as it
flows through the suction valve, undergoes
compression in the cylinder, exhausts
through the discharge valve (Fig. 2) and

at the same time heat is transferred to and
from the refrigerant. In addition to this,
thermodynamic behavior is influenced by
piston friction, pressure drop across the
valves, and oil in the refrigerant etc.

First Law Analysgis

The control volume (Fig. 3) consists of the
cylinder working space and is bounded by
the cylinder walls and the piston. The
mass influx is through the suction valve
and mass efflux is through the discharge
valve. Since four basic processes are
occurring in a cycle, the control volume
will be as follows:

(1) Suction: Unsteady flow, control volume
with only one flow boundary as it is a
filling process (Fig 4-a), mass flow rate
depends on the pressure difference between
suction pressure and cylinder pressure,



heat transfer to the refrigerant vapor in
control volume.

(2) Compression: Control volume with no
flow boundary i.e. closed system (Fig. 4-b),
work into the control volume, heat trans-
fer to and from the control volume.

(3) Discharge: Unsteady flow, control
volume with only one flow boundary as it is
an emptying process (Fig. 4-c), mass flow
rate depends on difference between cylinder
pressure and discharge pressure; heat trans-
fer from the control volume.

(4) Re-expansion: Same as compression
except that the work transfer is now from
the control volume to the surroundings,
(Fig. 4-d). ‘

The control volume can be considered to be
an open system with suction valve as one
flow boundary and discharge valve as

another boundary, with both work and heat
transfer across the boundary. The assump-
tions made here for analysis are that the
flow is one dimensional, gas follows perfect
gas law relationship and uniform c¢ylinder
properties at any instant of time. First

law of thermodynamics, in its rate form® is

—_dW = dm —
il ol R oS
+°d&Lme) (1)

Where subscripts {, § and d designate flow,
suction and discharge respectively, & is
heat flux, m is mass of gas, € is energy
and Wis the work done.

Ignoring the change in kinetic and potential
energies

= CPT

e-f = (2)

(3)
wherea f\is enthalpy, 8 is internal energy,

Tis temperature, Cp and Cy are specific

heats at constant pressure and consgtant
volume respectively.

Cp -
Cv R

where kis adiabatic constant.

e = W =

(4)

From (1),

(2), (3), & (4) we get
& - dW . dmy ke, Ty —dmg ke, T,
® - 'gﬁ,h"d‘a%’kz’s)s
+ m Cv g +CvT§-a_'-%
Rate of change of mass, %Pgin the cylinder
ig given as
. dm dm
Suction: = 4 =2Ils
et —ff‘n P (6)
Dis : = -
ischarge S 1'%
Compression & re-expansion: dm -0

=

Ignoring useful work lost because of the
friction, the reversible compression work

is given by
hdvV

dw - (7)
where P is pressure and Vis the volume.

Equation (7) in rate form is,

dW - pdv
a - PR ®
From perfect gas relationship
pV = mRT (9)
where R, is gas constant. Using (3), (8) &
(92), we get
mc,dT + mRT dV , ke, Ty dmg
Y& V' at 4

Table 1 Thermodynamic Equations for
Compressor Cylinder

. |
mc, dl . mRT dv
Suction dt v dt
dums (G, T- ReyTs) - 98
+ .‘s( v Ry s) ot 0.
Comg;gss:.or mCV (i:_\' —m _RT é_/ _ d;.Q o
Re-expansion v v t t
me,dT 4y mRT dV
Digcharge dt v dt
+ dmy Ty-¢yT)-d8 -0
e (R&vTa- <y ) dt J

In equation (10), at present, the unknown
quantities are T(t), m(t), V(&) ,dms , dmy,
ax at
and 48 | prom valve flow model dms, d
dat at dE
and Mt} can be determined, from kinematics
model WV{(t) can be obtained and from heat

transfer relationship, d can be evaluated.

As we have assumed the suction and discharge
processes to be constant, both T4, and Tg are

known. The only unknown left if T (t) which
can be determined by solving equation (10).
The pressures inside the cylinder, P(t), can
be obtained by using equation (9)

p(t) = M) R T
v

(11)
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Second Y.aw Analysis

As First Law does not make any distinction
between heat and work and also since only a
part of energy is doing useful work, Second
Law of Thermodynamics effects have to be
included. Available energy analysis pro-
vides a good understanding of all thermo-
dynamic irreversibilities and limitations
on work-heat transfer.

The most important deviations from the ideal
compression process in a refrigeration
cylinder result from the following: (a)
throttling or wire drawing during passage
through valves and (b) periodic heat trans-
fer between vapor and cylinder walls.
Excessive oil circulation, internal gas
leakage, heat less to surroundings, heat
gains due to friction and imperfect mech-
anical action of the valve also cause
thermodynamic irreversibilities. However,
it is not possible totreat all deviations
from the ideal cycle analytically. Actual
compression process is shown in Fig. 5.
Following are the various deviations from
the ideal process.

1-2: Wire-drawing at suction valve

2-3: Heat transfer to refrigerant vapor
from cylinder walls and valve passages

3-4: Compression procegs, heat transfer to
vapor from cylinder walls

4-5: Compression process, heat transfer
from vapor to cylinder walls

5-6: Heat transfer from vapor to passages
and walls at discharge valve

6-7: Wire-drawing at discharge valve

Available Energy Analysis

Available energy supplied (based on unit
mass flow rate) to the compressor is the
work of compression® AW

AW = 0. R (T5-Ts)
where fais the polytropic index and is given

by, n-1
Y 1‘ - ( t% ) n
T, P,

Available energy losses in various processes
can be found by computing the change in
availability functions. Overall loss of

available energy (AL) in a compressor is
given as (per unit mass flow rate)s

AL, = (b-B) +(bs $5)

(12)

(13)

Com
+ (@5 - bg) + (bs-by)
where b = availability function for
steady flow (15-a)

= KN-Tos

gﬁ = availability function for a
closed system

= U..+ Po\,‘—To‘S

and

(15-b)
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where © subscript refers to the atmosgpheric
or reference conditions. g is entropy and
is specific volume. Note that {b;-bx)
represents change in availability during
passage through suction valves, ( bx-bxs)
indicates change from open system to closed
system, OW is increase in availability of
the refrigerant because of the work supplied
(@5-%5) is availability change during
compression process,(@s-bs) indicates
change from closed system to open system
and ( bg~by) is change during passage
through the discharge valve. The total
loss of available energy from (14) is

= To OS
AL comp = o as)
Effectiveness of the compressor is given by
€= &b | 17)
<om DWW (

AW
thus available energy énalysis method is a
good analytic tool of evaluating performance
of a compressor and its various processes,
Availability function at each state indicates
not the total energy of the refrigerant but

its ability to perform useful work. It can

be readily extended to other components of
the refrigeration system.

HEAT TRANSFER MODELING

Isentropic compression requires that no
heat transfer should occur between the

vapor passing through the compressor and
the cylinder walls. Realization of this
condition would require that the cylinder
walls and all surfaces making up the
clearance volume follow a temperature-time
cycle exactly the same as followed by

vapor during the compression and re-expan-
sion. But in actual compressor the cylinder
wall-temperature-time cycle follows only the
similar pattern but with maxima and minima
of the wall lagging the maxima and minima
of vapor curve. The wall temperature varies
periodically around a mean value which is
inbetween the suction and discharge tempera-
ture of the vapor. The cylinder receives
heat from vapor during part of each cycle
(re-expansion, suction, and early part of
compression process) and returns heat during
a latter period (later part of compression,
discharge and early re-expansion) as shown
in Fig. 4 and Fig. 5.

It is assumed that heat transfer occurs only
due to the conductive and convective effects.
Radiative heat transfer effects are ignored
here (as opposed to I.C. Engines) because of
the low temperatures and small temperature
differences encountered.



Heat Transfer in Valve Passages

Since suction and discharge gases flow
through very narrow valve passages with
small thermal resistance, there is a pos-
sibility of significant amount of heat
transfer from discharge gas to the suction
gas which in turn would decrease the thermo-
dynamic and volumetric efficiencies propor-
tional to the increase in the inlet
temperature of the gas. No information
about this heat transfer is available in
the literature for refrigerating compres-
sors®. However, in internal combustion
engines, Engh and Chiang* have shown it to
be significant.

Applying First Law of thermodynamics to the
suction valve passage (schematic shown in
Fig. 6) yields,

dd-_'?t-‘?- ¢p Tso "‘g_--%d.s = %‘% % Ts (19

where TSO and TS. are the temperature of the
gas going into and out of the suction valve
The heat

gfrom the discharge valve gas

passage, @Ms is mass flow rate.

transfer d
to the suction valve gas may be expressed

‘ic_%ds = U As(Td.* Ts)

where ¥ [ ana Aw, are overall heat transfer
coefficient and area respectively.
through a plane wall is

' = ..'_4-_-;-2._ (21)

where .F\d. and 'f,

discharge and suction passages respectively,
are functions of local Reynolds number and
Prandtl number. is the thermal resistance
of solid parts, p is wall thickness and

is the thermal conductivity of solid parts.
The input to mathematical model are A, b,

o hgand K. For common materials, the

value of K is widely reported in the lit-
erature. The information regarding convec-~
tive heat transfer coefficient (R) is
virtually non-existant, thus in the absence
of available data, it is proposed to cor-
relate here McAdam's equation for turbulent
flow in pipe.,S

(20)

the f:.lm COefflClentS in

C Ty o8 0O-y
Nui,: R D¢ = 0.0235 Re; p,. (22)
C L= S, d.

where subscript v designates suction ($)
or discharge (d.) passage gas. Nw is
Nusgsgelt number, is Reynolds number and
Pr is Prandtl number.

s s‘df

Re. PV Do

= (23)
L AL
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Pr.-' = T Cp, . v ; = sd (24)
Ko

Uy = d—"l R Al ; tesd (o5

Ai. = I ZD~ L= sd (26)

L8 ’ t
q_

where P, A& K are gas density, viscosity
and thermal conductivity respectively. The
valve passage has been assumed to be cir-
cular in geometry, of diameter and cross
sectional area A. All the fluid properties
in (22)-(24) are evaluated at mean bulk
temperature of the fluid. Since Prandtl
number (Pr) is generally near unity,
equation (22) may be reduced to,

- T o-8
NU.L = ‘e“ )ih = 0:023 Re;‘ (27)
KL L= 8,4

The temperature of the suction gas at the
conclusion of heat tramnsfer process will be
given by (19) as follows:

Ts = Tso + —%d'y Cp d'm"‘

Heat Transfer in Compressor Cyllnder

In the cylinder, periodic heat exchange is
taking place between its walls and refrig-
erant vapor due to considerable temperature
variation of the vapor as compared with the
almost constant wall temperature and the
rate of heat transfer from wall to the vapor
during early part of the compression is

_Qg () ARY) [Tw —T(t)] (28)

where A(%)is the heat transfer area, h(t)
is heat transfer coefficient and Tw is

wall temperature. During the latter part

of the compression, heat is transferred
back from vapor to the wall and is expressed

4 - W) AW[T®-T]

For inclusion in thermodynamic model (10),
equation (28) ‘can be used as by control
volume convention, incoming heat flux is
positive, and outgoing heat is negative,
thus (28) would automatically take care of
the sign.

Heat transfer area A@)is,

Ak) = Ap + A+ AWlt) o)
where A‘)z piston \a[rea = g D (31)
AQL = 4 "%-' (32)

A, t) = TTD- x(t) (33)



where D is diameter of cylinder, Vc_is clear- mental work. 1In the past, the investigators

ance volume and X(t)is the piston displace- (Nusselt®, Eichelberg’, etc) concentrated on
ment from TDC (expression for X(t)is provided time average heat transfer coefficients and
by kinematics model). Thus heat transfer relations were not expressed in dimension-
area is less form and can therefore be generalized

concentrated on instantaneous heat transfer
rates and the correlations are in dimension-

A(‘t) = I :Dz'l- 4 Ve + TID- Xﬁt) (34) with difficulty. LeFeurvrel®, Adairll etc)
4 D

In table 2, some of the available cofz‘:i'ila- less form, as shown below: b ¢
tions for heat transfer coefficient h(t)are

listed. All the correlations except by Nu.('t) = Q Re- L-\.) - Pr(‘t) (35)
Adair et al®have been evaluated for internal

combustion engines and are based on experi- where@, b and ¢ are constants.

Table 2 'Heat Transfer Correldtion for Cylinder

Rt = o-oz7(\+o-58 Vp) U:‘u) T(t)]'i;;.
A1) = 00565 UP'L" (P T(t)]'/?- -'r;: °R

Nusselt®

(1928

Eichelberg
(1939)

Nu @) = hWD . const. P:(Z)

where KLt) & D
(1963) ’ Pe(t) = Rolt). Ar(t) Relt) ‘-‘f‘:-a%

const:= ©-4-0-7

| woschni? Nu(t) = ﬁSL)t_)D = constant Re &)o.';
| where . D
(1968) Relt) = 2(t) (Z 8( ;}rp)
Nu(t) = i%)_t_f =~ conslant Re Lt)o.g Pr(.‘.s'
eFeurvre'® .
LeF (1968) where Re.Ct) - f('t) Q/]:iz()t) @3‘

R

P 8 0-5]
Nu(t) =..5%z_(%§_w-_- 0- 05K 3 ‘Qect)o Pr ()

_ o 2
| Adair et a1l where ReU’J - f(t) DQ,C(") (G'a_(t)
(1972) 2. (t)
2
De(t) = ST(P) X

DX () + 27 (D)
2(0'[!-04-4- cos 2 9] . 3MLO<L
Q}[’ -0y + <Os ZGJ . .1%(9‘(

2

0 (L)
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VALVE MODELING

The thermodynamic processes consigting of
expansions through the suction and discharge
valves result in fluid flow into and out of
the cylinder through the valves. Motion is
imparted to the valve as a result of pres-
sure inequalities on either side of the
valve and it should be able to overcome the
regtoring forces for movement. Also, valve
behavior is influenced by stops. Thus, the
valve modeling consists of,

(1) Fluid flow model
(ii) valve dynamics model

Fluid Flow Model

Fluid flow through the suction or discharge
valve can be derived by considering the
valve to be an orifice and flow to be isen-
tropict®. However the actual velocity will
be less than the theoretical velocity and
shall never be greater than speed of sound
as indicated in Fig. 7. Mass flow rates are.

—y
R~

G R [ped]
%’%5 = Af's Psﬁ/[’:%]k— [’%—2 (36)

R
L) R

dd = A b G/ [P |2 [ha TR
Aﬂ,/’-r({)' [_P_EU [P("-L e
where G - [2 Rga (38)
R-DR

A%Sand Agaare the effective suction and

discharge flow areas. These can be evalua-
ted either theoretically'* or experimentally?!
The possibility of back f£low is not taken
here as gas pulsations effects have been
ignored.

Valve Dynamics Model

Assuming the valve to be single degree of
freedom system of effective mass M), effect-
ive stiffnessK{and effective damping

(Fig. 8 ), the following equations are
obtained,
suctiog:
d d = [ .
My dds & Cod9s 4K, = Ag, bt
(39)
discharge:
2
My dYd + Cy 49 4 =A [(t)-]
St + Ca St + Ka g = Argl b Pa
(40)

where qsand q: £ the suction and discharge
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valve displacements respectively. AF;_,and AFd_
are effective force areas and can be evalu-
ated experimentally' or analyticallyl®.

Table 3 lists the various conditions for
valve model. Note that when valve is
moving, both flow and dynamics equations
hold but when valve reaches the stop, only
flow equation holds.

KINEMATICS MODELING

The kinematics of the compressor can be
modeled as slider crank mechanism'®, shown
in Fig. 9 . The piston displacement from
T™cis,

X(t) = R(1- cos wt)+LQ—Jl— %Smu’@"j
Instantaneous cylinder volume is

V() = Vet %-_—-Dz x()
For constant crank speed, crank angle @ is

6 =t

(42)

= (43)
where ¥ = circular frequency = 2TIN
N = rpm &0
SIMULATION

The simulation of the compressor involves
many mathematical models which are coupled
to each other. For instance, the valve
behavior is governed by the pressure
differential across it and these pressures
are calculated by thermodynamic model which
in turn depends upon valve model, heat
transfer and kinematics models. Thus,
implementation of simulation requires a
simultaneous solution of a large number of
differential equations. The solution can
be approached only by a digital simulation
as the problem is complex and difficult for
an analog simulation. For integration of
differential equations, any of the following
methods could be chosen, (i) Runge-Kutta,
(ii) Finite Differences and (iii) Predictor-
Corrector.

the

For a single cylinder refrigerating compres—
sor; a generalized computer simulation pro-
gram was prepared. Fig. 10 shows the
outline of flow chart for the main program.
It deals with the thermodynamic model. As
simultaneous solutions of several models

are required, five subroutines as listed
below were incorporated in the main program.

Thermodynami ¢ model

Kinematic model for slider
crank mechanism,

Mass transfer (through valves)
model

Main program:
Subroutines 1.

2z



Table 3 Valve Model Conditions

Process Valve Cylinder Valve Conditions
Position mass Displacement
Suction t 0L t
valve’ dm() - dms dq""( )OL <UL As
noving dt "7 dt f49s 49 [ p o by
Suction .
3:;5;011 dmt)_ dms Gs= Ag 9s = As
at stop dt dt %= %{:0 Ps > P(t)
ompressi h val = O
e Been | mit) = congt] ¥ dm(®)
Re-expansion 9d4.=0 dt
Discharge d Ya oL q'd. < Ag
valve d m(t) = A My 2
Discharge moving = d.q&, & Qd
dt dt T e pt) 2 Py
Discharge dmit). _d Ga-= ACL q’d, = Ag
valve at mec/ .
stop ﬁ' = a%d dg,q, =d§f¢=o P(’t-) > Pa.
dt =~ dt2

3: Cylinder heat transfer model

4: Valve dynamics model

5: Valve passage heat transfer
model

6: Runge-Kutta solution

The input data required can be classified
under the following categories, (i) geo-
metrical description (ii) thermal descrip-
tion (iii) initial conditions (iv) gas
properties and (v) experimental informa—
tions. The increment is given by crank
angle, AB. The program output provides the
time history of the refrigerant as it flows
through the compressor by punching out
cylinder temperature, pressure and fluid
flow rates. Valve displacements are also
obtained. From this information, available
energy analysis of the compressor cycle can
be performed.

CONCLUSION

An attempt has been made in this paper to
develop and discuss the various aspects of
mathematical modeling and simulation of
refrigerating compressors, and especially
in the area of thermodynamics and heat
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transfer as it was felt that the reported
simulation models have not paid adequate
attention to the basic compressor cycle
processes. The authors do not claim it to
be a firnal word on thermodynamic models as
more sophisticated and authorative models
can be developed. Following modifications
or additions could be incorporated in the
mathematical models: inclusion of real
gas properties'”?, gas pulsations in com-
pressor lines'®, effectsof leakage and
friction ete. Also, at Present information
regarding heat transfer coefficients in
cylinder, valve pagsages and manifolds is
virtually non existent®. These additions
would make simulation models more precise
and realistic.

NOMENCLATURE

A area

available energy functions for steady
flow

Cp,Cy specific heats
C effective damping

I) diameter



energy
enthalpy, heat transfer coefficient

ratio of specific heats

connecting rod length
nags of gas

mass of valve
polytropic index
pressure

valve displacement
heat transfer

crank radius, gas constant
entropy

internal energy
velocity

volume

work

time

temperature
displacement

crank angle

circular frequency
meximum valve travel

SRBPEOXAE <G e PPLTIZIr R0

viscosity
density
Subscripts
d. discharge
§ flow
F force
© 1initial or steady flow conditions
p piston
£ suction
V valve
REFERENCES

1. Soedel, W., "Introduction to Computer
Simulation of Positive Displacement
Type Compressors"”", Purdue University,
1972.

2. Van Wylen, G. J., "Thermodynamicg",
Wiley & Sons, New York, 1964,

3. Qvale, E. B., Soedel, W., Stevenson,

Elson, J. P. and Coates, D. A.,, "Problem
Areas in Mathematical Modeling and Simu-

lation of Refrigerating Compressors,"
ASHRAE Tr., 1972, part I, pp. 75-85,

thermal conductivity, spring stiffness

availability function for closed system

John

10.

11.

12,

13.

14.

15.

16.

17.

18.

281

Engh, G. T., and Chiang, C., "Correla-
tion of Convective Heat Transfer for
Steady Intake Flow through a Poppet
Valve", SAE Paper No. 700501, May 1971.

Rohsenow, M. M., and Hartnett, J. P.,
"Handbook of Heat Transfer", McGraw-
Hill Co., 1973.

Nusselt, W., "Der Warmeubergang Zwischen
Arbeitmedium und Zylinderwand in Kol-
benmaschinen", Forschungsarb. Geb. Ing.
wes. 300, 1928,

Eishelberyg, G., "Some New Investigations
on 0ld Combustion Engine Problems",
Engineering 148, 1939.

Annand, W. J. D., "Heat Transfer in the
Cylinders of Reciprocating Internal
Combustion Engines", Proc. Inst. Mech.
Engrs., Vol. 177, No. 36, 1963,

Woschni, G., "A Universally Applicable
Equation For the Instantaneous Heat
Transfer Coefficient in the Internal
Combustion Engine", SAE Paper No. 670931,
1968.

LeFeurvre, T., "Instantaneous Metal
Temperatures and Heat Fluxes in a Diesel
Engine", Ph.D. Thesis, University of
Wisconsin, 1968.

Adair, R. P., Qvale, E. B., and Pearson,
J. T., "Instantaneous Heat Transfer to
the Cylinder Wall in Reciprocating
Compressors", Purdue Compressor Techno-
logy Conference 1972, pp. 521-526.

Jenson, O., "Heat Exchange in Recipro-
cating Compressors", Proc. XII Int.
Cong. of Refrigeration, pp. 861-.873.

Shapiro, A. H., "The Dynamics and Thermo-
dynamics of Compressible Fluid Flow",
Ronald Press Co. NY.

Schwerzler, D. D. and Hamilton, J. F.,
"An Analytical Method for Determining
Effective Flow and Force Areas for
Refrigeration Compressor valving
Systems", Purdue Compresgsor Technology
Conference 1972, pp. 30-36.

Shigley, J., "Theory of Machines",
MeGraw-Hill Co. 1969.

Thomson, W. T., "Mechanical Vibrations",
George Allen and Unwin, 1953.

Gatecliff, G. W., "A Digital Simulation
of a Reciprocating Hermetric Compressor
Including Comparisons With Experiments”,
Ph.D. Thesis, The University of Michi-
gan, 1969.

Singh, R., and Soedel, W., "A Review of
Compressor Lines Pulsation Analysis and



Muffler Design Research", Purdue Com-
Pressor Technology Conference,1974.

19. Singh, R., "Mathematical Modeling and
Simulation of Refrigerating Compressors",
M.E. Thesis, University of Roorkee,
Roorkee, India, 1973.

20. Singh, R., "Simulation of Refrigerating
Compressors", Notes for Q.I.P. Summer
School Course in 'Design of Refrigera-
tion and Air conditioning Systems",
University of Roorkee, Roorkee, India,
June 18-July 14, 1973.

Suction to evaporator
Chawmber )
: -
» Suchon

Cylinder &
working e

Suclion pi.‘:e,

discharge pipe

to condenser

Figel Refrige,ra't\'ng Combressor Physical Model

discharge
b ks Ps Ts by T
d conditions & o 6y
- * —————— } I.ﬁ q
dm; dmg. |
dat dt

plt) mix) AQ |
) e ¢§§
AW :

Ve - Clear- v Fige 3 Conlrot Volume

\Compression

ol i i —

b suction suclion
X : 4

con difions e echwve isTn
._Vi i Hdisplacaqut

Actual piston displacement g

Fige Ideal p-V Diagram {or Compressor

282



Fig. 4 BC';I.SJC, Compressor Processes and Conlrol Volume
s

s~ Oms (@) & T
dt Suclion Pt AQ)
p(t) AQ
ps > PLt) (b) f AW
Combpression |
1‘ b
%"-"d 4 (c.). b(t)
Discharge 2
PO >by AR "We R
(d) | aw

Re- expansion v

Pt

Pressure

-h

R S b __, Thermal
o K resistance.

of sahvd, parTs
[ dsscharge -p's, e‘d. - Heat
§  Lne Trav
coefficents

Fig-6 Heat Transfer in Valve Passages

283



M~ Mach No.

T ® - choking condifion
ﬁ KeEe = Kinehic nergy

(@ Flow Through an orifice (b) Flow process on temperdlure - entropy

diagram
Fige 7 Mass Transfer Through Valves

=

' P
n éx \\
suction Cdr d t \
\_ Md _
\ [ Ms discharge O~
a b
K I Cg .
maximum valve Travel A
L=295d

Fige 8 Valve Dynamics Model

connecting rod _
@ Kinematics () Stider crank. mechanism

Fige 9  Kinemalics Model

284



(mput data. )

®_ Initial Conditiong

Heal Trans{er Tirough valve PQ-SSage,

LUinder
\}’eq‘t Trans{er
wode)

model
Runge-
Thermodynamic  wiodel kutta,
solution
valve
conditions’
Fluidk {lowr wmodel
Kinewmaties
model

Valve namics
dy wmodel

( Punch out put

)

Time ncrewent

@ /fvv(\u\q'\‘n o
) M C

Fig- 10 Oulline of Simulation Program

285




	Purdue University
	Purdue e-Pubs
	1974

	Mathematical Modeling and Simulation of Refrigerating Compressors
	R. Prakash
	R. Singh

	tmp.1318282214.pdf.L1N9R

