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/bstract

Performance study of a 20-ton chiller when using R407C as a

replacement to R22

By
Walid Khalid Dawod

Supervisor

Prof. Mahmood Hammad

| The new RA407C refrigerant was used and tested in a locally
manufactured air cooled water chiller as a replacement to R22.

Performance tests were conducted under different condensing and

evaporating temperatures to the study performance parameters such as the
operating pressures, compressor exit temperature, sub-cooling effects, COP,

power , and heat rejection, for both refrigerants.

The experiment was conducted on the same chiller, for both R407C and

R22, with some modifications on the case when R407C is being used.

The results show that refrigerant R407C is a suitable alternative for R22,
since it is ozone friendly and has similar physical and thermodynamic

properties as R22.
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‘ Chn apter One

e SR N MR S

Introduction

RN R LR A T,

Refrigeration and Air conditioning is the art of controlling an atmospheric
environment that is used for the comfort of human beings or for the proper

| : . -
performance of some industrial or scientific  process.
|

Refrigeration and air conditioning systems use refrigerants which are
chiemicals that goes under pressure. Therefore, refrigerants should whenever
p‘()ssible be non-flammable, non explosive, and of very low toxicity for the
humans and the environment. Several chlorofluorocarbons (CFCs) and
hydrochloroufluorocarbons (HCFCs) are being extensively used as refrigerants
for air conditioning and refrigeration purposes. They posses most of the desirable
characteristics such as thermal and chemical stability, thermodynamic efficiency,
non flammability, and low cost.

The chlorine contained in the CFCs and HCFCs substances is thought to

cause damage to the Ozone layer in the upper atmosphere, thereby allowing
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Chaptcr Onc/ Introduciion.

!lill‘lﬂflll ultra violet radiation to pass through the atmosphere unfiltered. This
bropoﬁion of chlorine contained in the various refrigerants in common use, varies
‘from substance to substance and the severity of its effect in the environment also
|varies and is known as the Ozone depletion potential (ODP). Each refrigerant has
a different ODP. The impact of refrigerants containing chlorine on the
‘enviromnent has been assessed and as a basis, an index ol 1 is used which
‘relates to the environmentally destructive potential of CFCI1 (RI1) within a
‘particular decay period. Therefore R11 has an ODP of 1.

By comparison with this scale R22 has an ODP of 0.055, R407C contains no

chlorine and therefore has an QDP of zero.

Due to the emission of CFCs to the atmosplere, a serious environmental
problem affecting the whole climate of the earth arises to be a global problem.
Greenhouse gases absorb and retain some of the outgoing heat energy that is
converted from the solar radiation reaching the earth by raising the temperature
of the earth’s surface, an effect analogous to that of a greenhouse.

The most significant greenhouse gas is carbon dioxide which is emitted and is
present in the atmosphere in very large quantities. Other gases, including CFCs
. and HCFCs, are also greenhouse pases. These are presenting in a very much

smaller quantities but have more effect per unit mass.

Due to the influence of the (CFCs) on the environment, alternative
" refrigerants must be found to replace the (CFCs). Such alternative refrigerants
- should posses good thermodynamical and physical properties, high chemical and
.‘ thermal stability, low toxicity, good miscibility with lubricants, compatibility with

' materials, less expensive and low flammability with no environmental side efTect.
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chapler One/ Introduction.

! . . . . .
Thenmodynamic properties are of most importance since they decide whether a
substance is applicable as a refrigerant in a certain temperature range or not, if
Lhe thermodynamic properties meet the requirements, the other characters must

be taken into consideration and at least to be acceptable.

Refrigerant R407C, a blend of R32, R125, and R134a ( ali of them are

free of chlorine atoms) is a new refrigerant being used in Europe and America for

the last two years. It has proven to have friendly effect on the Ozone layer and
|Iow effect in the global warming (GWE) compared'to the other refrigerants.

R407C performs under evaporator temperatures ranging from =7 to 10 “C.it is
designed to be used in new equipment and as a service refrigerant for existing

;'HC FC-22 air conditioner and heat pump equipment.

In this work we will experimentally study the performance of an air
conditioning air cooled water chiller using refrigerant R407C and will compare it
with the performance of the chiller when using refrigerant R22 under different
‘condensing and evaporating temperatures. Complete performance and

characteristics curves of the new refrigerant R407C will be constructed for a

locally manufactured chiller with a refrigeration capacity of twenty tons of .

The work aims to find the advantages and disadvantages of using R407C. Many
parameters such as the operating pressures, compressor exit temperature, sub-
cooling effects, COP, power and heat rejection will be investigated and

compared with those of R22.
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chapter One/ Introduction.

The project comprises several chapters, these chapters are arranged in a
way that the first chapter is the introduction previously discussed.

fhapter two covers the literature survey about the new refrigerants, and the new
blend R407C; Chapter three clarifies the development of thermodynamic and
j)!lysical properties of R407C in a simplified theoretical analysis. Experimental
work, including illustrative  chiller refrigeration  circuits  drawings  arc
|Llemonstrated in chapter four. Chapter five presents the experimental results
tables. Discussions, recommendations and conclusions were discussed in the last

chapter with the aid of the results figures.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



. TP B L el 0 At WY Ty
TR L T e B A e PR R AT

%apter FHo

T R T e B e N I S G TR PR N AR

A N )

o%erature e%rvey

Lt A T T S R DT T ey

The future of refrigeration and air conditioning has never been discussed
so controversially as at present. The world trend towards environmental issues
made it eager for the researchers and scientists to conduct experiments for an
a|ppropriate substitute of CFCs.
More studies and researches were carried out on different R22 refrigerant
a{ternalives, concerning their properties, system performance (theoretically and
experimentally). In this chapter, some of the previous works and efforts
c'i:mcerning the proposed area of study will be presented.

The Association of European Refrigeration Compressor Manufacturers
( ‘997) (ASERCOM) was approached for assistance in selecting the appropriate
alternative refrigerant for use in air-conditioning systems as substifutes which
are acceptable from an ecological and technical point of view. Several
e;|<periments were conducted on the use of R407C to replace R22 in their
systems. The study was carried out at different evaporating and condensing
temperatures to find the coefficient of performance (COP) of the system using
R407C.

| 5

IR e MO, A g ML
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_ Chapter Two/litcrature Survcey.,

|
¢

| They concluded that the advantages of R407C as nonflammable, nontoxic,
|

avallable in the market, has lower discharge temperature than R22 and has large
Jsub cooling effect. The disadvantages were: critical temperature lower than

}{22, and limited availability of system components.

‘ The German Compressors Manulacturing Company BITZER (1998),
.qtudled the performance of R407C on their new generation of compressors (o
cope with the world trend repgarding the environmental cases. BITZER found
hhat R407C refrigerant has nearly similar thermodynamic properties and
performances as R22 in the A/C and medium temperature cooling range which
!is illustrated in figures (2.1) and (2.2).

‘ BITZER found that the distinctive temperature glide requires a special design
|for main system components; such as evaporator, condenser and the expansion

valve, they recommended that R407C is not preferred to be used in plants with

flooded evaporators.

| The Air Conditioning and Refrigeration institute (1999) carried out
experiments on the refrigerants properties and their alternatives of new blends.
They studied the chemical behavior of R407C on the global warming effect and

|the ozone layer. They found that R407C has small harmful effect on the

environment.

| Richardson and Butler Warth (1995) studied different non-traditional

refrigerant performance in hermetic vapor compression systems. They showed

that blends of refrigerants are the most suitable solution for the environmental

|cases without enormous change in the capacity or the behavior of the system
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Figure (2 1) Companson of system pressures for R407C/R22
(adopted from BITZER products catalog 1998)
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Figure (2 2): Comparlson of performances data for R407C/R22
(adopted from BITZER products catalog 1998)
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Chapter Two/ Lilcrature Survey.

i
believe it to be a good alternative in these applications, he tested R407C in
several chillers and the result showed that there is an increase in condensing
temperature of, 3-5 °K in most cases, which is not a major problem in Sweden

climate.

Toshiba Air Conditioning (1999), designed new series of heat pump mini

fthe new blend and specially studied the effect of the temperature glide. They

split A/Cs using R407C instead of R22. They conducted several experiments on

defined it as the difference in temperature between the bubble point temperature
and the dew point temperature .

"They concluded that R407C is a non-azeotropic refrigerant. It docs not have a
1single boiling point such as R22, and the lowest temperature at which it begins
to boil is the “bubble point”. They found that as the refrigerant is passed
!through the evaporator, the three components begin to evaporate at slightly
!different temperatures and at different rates. When condensing, the process is
reversed and the temperature of the first component to reach saturation is known

|
as the dew point. Many phenomenon such as leak detection, pressure testing and

refrigerant charging were taken into considerations for R407C.

| Kruse (1994) presented the CFCs phase out schedule adopted by the

United Nations Environmental Program (UNEP) and European Community
which was based on the amendments of the Montreal protocol revised in
London, 1990 and Copenhagen, 1992. He presented the regulations of CFCs
phase out and European Community consumption and the alternative

technologies.
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Chapter Two/ Lilerature Survey.

Kramer (1999), wrote an article that addresses only HFC refrigerants and
blends that are not miscible with mineral oil. It explores factors that favor using
mineral oil when retrofitting existing systems. It also discusses potential
problems arising from such use or retention. (IIR Bulletin)

Morely (1999), presented all the considerations that led to the phasc out
of R22 in the world. The application possibilities and characteristics of various
rl:placement refrigerants are described. Environmental aspects are also covered .

The researcher concluded that the HFC refrigerants will be favored for

commercial — and air —conditioning applications. (1IR Bulletin)

| Tominaga (1999), described in his article the current trend of
refrigeration oil for alternative refrigerants, which he presented PVE
([|)olyvinylether) as an alternative candidate for POE (polyolester) for air
clonditioning systems. The advantages of PVE over POE are belter lubricating
ability with process fluids, better miscibility with HFCs etc. PVE is
commercially available and implemented for use with HFC products. (IIR

|
Bulletin)

‘ Wabhlstorm and Vamling (1999), the researchers developed a model of the
group contribution type that can predict the solubility of mixtures of HFFC
working fluids and pentaerythritol ester compressor oils. They investigated
s‘olubility data for twenty systems of five different HFCs in four different esters.

(international journal of refrigeration IIR)

10
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Chapter Two/ Litcrature Sunvey.

Al-Shaate’i (1997) presented in his research a new extended three
piurameter equation of state which arose from the two parameter Canaham-
Starling-de Santis equation of state. The research also deals with the utilization
and application of the equation of state in computation of vapor-liquid
equilibrium both of pure substances and mixture, the researcher programmed a
new software that provides computation of phase equilibrium of binary
niixtures, computation of refrigerants thermodynamic properties, computation
of standard thermodynamic changes, simulation and evaluation of cooling

cycles and graphic creation of heat diagrams(p-h and T-s).

| DuPont Flourochemicals, Suva refrigerants manufacturer (1997) was one
of the first manufacturers in the world that created refrigerant R407C under its
| .
ttade name Suva 9000 or Suva 407C, DuPont carried out extensive experiments

o‘n the new refrigerant, they started with thermodynamic propertics of
éllva9000 using the equation of state (PRSV) which lead to build a computer
software that enabled DuPont to establish thermodynamic tables for Suva 9000.
DuPont published their experiments regarding the properties, uses, storage and
handling in a service manual, they illustrated the different uses of Suva 9000 in
new A/C systems — since it proven to be an ozone friendly refrigerant —and in
old systems as a retrofitting refrigerant for R22. They found that nearly similar
siystem ‘operation conditions of R407C and R22 exists with some difference in
pressures and COP’s.

Transport properties of Suva 9000 like viscosity, thermal conductivity and heat

c‘apacity for liquid and vapor were established by charts that compare these

11
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Chapter Two/ Lilerature Survey.

properties with those of R22, which are illustrated in figures (2.3) — (2.7)

DuPont published an article about their new series of refrigerants that is used to

retrofit the old systems with new blends of refrigerants, they carried several

tests on the behavior of Suva 9000 in the A/C systems, they came up with new

‘graphs that illustrated the refrigerant velocily and the pressure drop in the

discharge, liquid and suction line, these charts are illustrated in figures (2.8),
(2.9).

o | |

‘This work will report on experimental results of using R407C as a replacement
to R22 in a locally manufactured chiller of twenty tons of refrigeration,

performance comparison will be supplied.

12
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Pr Number
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i 0
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Figure (2.3): Saturated liquid Pr number for R407C/R22
(Adopted from DuPont flourochemicals products catalog 1999)
13
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Figure (2.4): Saturated liquid heat capacity for R407C/R22
(Adopted from DuPont flourochemicals products catalog 1999)
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Figure (2.5): Saturated liquid thermal conductivity for R407C/R22
(Adopted from DuPont flourochemicals products catalog 1999)
| 5

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Saturated Liguid Kinematic Viscosity
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Figure (2.6): Saturated liquid kinematic viscosity for R407C/R22
(Adopted from DuPont flourochemicals products catalog 1999)
16

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Viscosity, uPars
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Figure (2.7): Saturated liquid viscosity for R407C/R22
(Adopted from DuPont flourochemicals products catalog 1999)
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Suva"~ 407C REFRIGERANT
PRESSURE DROP IN LINES (65°F Evap. Outlet)

" TONS OF REFMGERATION

5 273 22, wma ew? & RS g8
| - l // //// // " ‘I!(!IE| I'Imnlm!‘lhlu]»:IulnI-Inlh!w :
- o‘v!" B 1 : 1 Vi T o riuatig) Ruw llfhm:l! R
SHLPS A I A s e |-
‘ —_ J’v:‘z =M 4 drselurge gs deteimined || A O 0 K
-1 ‘,('/ - "’/""/"1 _‘:':"/_7 //: M0'F avap“n-:ldsg F eond B I R I /}
. 4:‘\&/‘ .— /r:Z:V r‘——-l/ B —-,d/ —_— ltl):‘:p:?nga'g;dw-qu. - —=|— - I/ A
| — A AT (e e e 1 1 Sl o o o /'{z‘,; )
i o9 4 M A 1) s 7 I 9 4 | )7 S N ) | B — TS A
AWM = T U= HE == B 010
—7 (‘/ 12 "';/ A = 0 g 1 ::::é/;;:f
\ A AW A }Z:z i =AM
5 __.__.‘\‘ V/ e _/ /‘ 1 ] L/ ¥, SN T S —p= -.. 7 //
:4;’% A bad 'ﬂ:?.’ j/,/ R /?;;‘//H
_ A0 24— - ceeg=| 1A | L AW
| //’f YZ*V/'" A M=l , “_/‘//
— A AL LA M= //
\ _;}Z."}{f_’”'(f:i“f/;?f_j (] e .y //{
L LA R - A A1 _ |- :
B Syl W= A J) /
| o :;f.b____\..;;Z::?/ {1 AR
sy diliilrdaryiis 1A T 1 yo, i
AN s = i = Seail
A A= == ;;;‘/
\ s 1131 it e g A Ammy
zoiny i i - (L1 7 o of A ) g B ¢ i o -
' d 'L’r*“'!' 1] :‘_::.;/. i e ZIA-
gt by’ o B ¢ ey o M 74| == I
- EAN A=A UM =EF 7
A = e == 7
— A R AT = T — S|
| AU A =LA = sl
_4_/__,, .,/___..Z_,,/ —_ A - 1 .
| S 1t 7 4 | i b 7, -
=M A | I =12 == i
) (| e MNP e o
“"‘7‘“/ AT iV,
‘ 5 ™oy em- ~oew o9 8 R BEE
: : CXAMPLL
! I . R0 F (‘.ondmum. 15 kans at 40'T evap nnd 100°F cowd
i / ﬂ :x::s:alj:::xhll: 40 pseIou R
‘ / / / / MALIDO'F Condunser BT hguid ew ressung Gup - 92 pye 100 A
7 LI [ LIl / T | P
¥ 23 e 2

» - W
Y
PAESSURE DROP I PSIPER 100 FT

03
GE
0.5
3

a
]
2¢
30
=]
&0

i Figure(2.8): Pressure drop in lines for R407C
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“igure {2.9): Velocity in lines for R407C.

(Adopted from DuPont flourochemicals products catalog 1999)
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G apter Shree

Fheoretical eﬂﬁzalysis

|
|
!
3.1 Sntroduction:

| Over the past five decades HCFC-22 (R22) has been used as a
refrigerant in various refrigeration, industrial cooling, air conditioning and
heating applications. The low ozone depletion potential of R22 compared to
lCFC-lI and CFC-12, along with its excellent refrigerant properties have
Flelped facilitate the transition from CFCs. However HCFCs including R22,
Iare scheduled for eventual phase out.

! R407C has been developed as the similar pressure replacement, for
R22 in positive displacement, direct expansion air conditioners and heat
pumps. R407C is commercially available for retrofit of existing equipment

and as a long term replacement option for R22 in new equipment to continue
| . : .
to operate safely and efficiently even after R22 is no longer available.

k40 7C Refrioerant:

R407C is a blended refrigerant, it’s components by mass proportion are:

‘ -R32 23% (CF:H,) Difluoromethane
-R125 25% (CF;CHF;) Pentafluoroethane
| _R134a 52% (CF;CH,F) 1,1,1,2-Tetraflouroethane

20

LT T SRR AR |

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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R407C is a non-azeotropic mixture of these components. This means
that it evaporates over atemperaluré range of 5 °C-6 °C, when at the same
- pressure. An azeotropic mixture contains components which all boil at the
. same temperature. This difference in boiling points results in a variance in
temperature through the fength of an evaporator or condenser, as the mixture
ratio changes and is referred to as the temperature glide. The distillation
process of R407C favors R32, being the first component to evaporate.
Theréfore, complex temperature and mixture changes occur within the
evaporator coil throughout its length and for this reason conventional
parallel-flow evaporator coils are not considered suitable by most

manufacturers.

Azeotopic mixtures have no glide, and mixtures with a very small
amount of glide (fraction of 1) are some times referred to as near azeotropes .
Where non-azeotropic mixtures exist together in both liquid and vapor
phases, for example, in an evaporator or condenser, the composition ratio
will alter. In the saturated liquid state they recombine in the correct
proportions.

This process of separation, or fractionation, will occur in the evaporator and
condenser sections of the chiller system, in addition to storage vessels, such
as liquid receivers, accumulators and service cylinders. This fractionation
results in the vapor which occupies the free space above the liquid level
becoming more enriched with the more volatile components of the blend.

Typically this vapor is R32.

The degree of fractionation is affected by both the available space in
the vessel, which can be occupied by vapor and the saturation temperature of
the vapor. An increase in temperature or vapor space tends to increase the
degree of fractionation.

21
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3.2 Jemperature Glide:

Where conventional, single component refrigerants are concerned,
such as R22, a direct relationship exists between the pressure and saturation
temperature of the refrigerant and if one value is known, the other can be
predicted. When this is portrayed on a pressure enthalpy diagram the
isotherns (lines of constant temperature) are liorizontal and whilst therc is an
exchange of heat within the loop, there is no rise in sensible temperature-this
only begins to rise when the vapor is evaporated and the refrigerant begins to
superheat.

In contrast to R22, R407C is a non-azeotropic refrigerant. It doesn’t
have a single boiling point as such, and the lowest temperature at which it
begins to boil is the “bubble point”. As the refrigerant is passed through the
evaporator, the three components begin to evaporate at slightly different
temperatures and at different rates. When condensing, the process is reversed
and the temperature of the first component to reach saturation is known as
the “dew point”. From the bubble point temperature to the dew point
temperature ts a difference which is called the glide temperature figure (3.1).
It is worth to mention that temperature glide is excluded in the super heat

process where it acts as a vapor mixture.

Dew point

Bubble point

—

Figure (3.1): Temperature glide
22
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' 3.3Ihermodynamic and Fhysical Ftoperties:

Thermodynamic and physical properties are the most important

| properties in selecting refrigerants for any application. These properties are

presented in table (3.1). Relrigerant manufacturers developed and presented
new fables of thermodynamic properties which are illustrated in the
appendix. Thermodynamic equations have been developed, based on the
Peng-Robinson-Stryjek-Vetra (PRSV) cquation of state, which represent the

data of temperature, pressure, and density.

Table (3.1):Thermodynamic and physical properties of R407C and R22.
(Adopted from DuPont products catalog 1999)

Property R407C R22
Molecular weight. 86.2 86.47
Vapor pressure at 25 °C (kPa) 1147.1 1043.1
Boiling point at 1 atm.(°C) -43.56 -40.8
Critical temperature ("C) 86.74 96.24
Critical pressure (kPa) 4619.1 4980.7
Critical density (kg/m’) 527.3 52421
Liquid density at 25 °C (kg/m") 1134 1195
Sat. vapor density at 25 °C (kg/m’) 41.98 4421
Liquid specific heat at 25 °C (kJ/kg k) 1.54 }.24

| Vapor specific heat at 25 °C (kJ/kg.k) 0.83 0.685
Sat. liquid vapor pressure (kPa) 11734 1043.1

‘| Heat of vaporization (kJ/kg) 245.1 2335
Liquid thermal conductivity (W/m.k) 0.0819 0.0849
Vapor thermal conductivity (W/m.k) 0.01314 0.01074
Liquid viscosity (Pa.s) 0.00016 0.000159
Vapor viscosity (Pa.s) 0.0000123 0.000013
Ozone depletion potential (CFC-11 =1) 0 0.05
Global warming potential ( CO,) 1600 1700
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A theoretical cycle performance which 1s adopted from DuPont
Flourochemicals is presented in table (3.2) for R407C and R22
thermodynamic comparison, the performance cycle is calculated at the
- following conditions:
| Condensing temperature : 43.3°C .

Evaporating temperature : 7.2 °C..

Subcooling difference : 2.8°C

Superheat difference : 83°C
RA07C R22

| Refrigeration capacity (R22= 1) {1 1.0
Coeffhicient of performance 6.0 6.43

Compression ratio 2.83 2.66

Compressor discharge temperature(°C) 75.1 77.3

Compressor design pressure (kPa) 1763 1662

Temperature glide (°C) 4.9 0

Table (3.2): Theoretical cycle performance for 407C and R22. (DuPont
flourochemicals)

As it can be seen [rom tables (3.1), and (3.2) the boiling temperature
of R407C is lower than that of R22 which means more compressor work to
reach the temperature that the refrigerant starts boiling to accomplish the
vapor phase. The critical temperature and pressure of the refrigerant should
be higher than the condensing temperature in the condenser in order to
prevent any decomposition of the refrigerant material, we notice that this is
higher for R22 than for R407C. The theoretical value of the COP is higher
for R22 than for R407C, and that is predicted since the refrigeration capacity
are nearly the same for the two Refrigerants, but the work of compression for
R407C is higher than that of R22.
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" since high temperature could result in oil breakdown , causing excessive

Low compressor discharge temperature is desirable i all systems,

‘ wear or a reduction in the life of the compressor discharge valves and the

| overheating of the compressor.

The thermal conductivity of R407C vapor is higher than that of R22, which

" implies a higher value of the heat transfer coefficient and ahigher heat

| (ransfer in the condenser. The thermal conductivity ol R407C liquid is lower

‘ than that of R22 .

| Viscosity is a measure of flowing quality; it is desirable to use refrigerants
with low viscosity in both liquid and vapor phases for higher heat transfer in

! the cvaporator and the condenser, low pumping power and small pressurc

| drops during flow. As shown in table (3.2), both refrigerants have nearly the

‘ same values of viscosity.

| 3.4 %hemical and Jhermal Jtability:

\ Stability with metals:

| Stability tests for refrigerants with materials are typically performed
in the presence of refrigeration lubricants. This test is run in sealed glass
tubes at temperatures much higher than those encountered in refrigeration
| and air conditioning systems and is therefore referred to as an accelerated
‘ aging test. Results of sealed tube stability tests for HCFC-22/mineral oil and
‘alky-benzene lubricants have shown long-term stability in contact with
copper, steel, and aluminum. And the fact that HCFC-22/mineral oil and
alkybnzene systems have been performing in the field in air conditioner and
!refrigeration systems for the last 50 years verifies the results from these
| stability tests. (POEs) lubricants are among the proposed lubricants to be
iused with R407C. Results obtained from these tests for R407C/POLs
“indicate acceptable chemical stability in the presence of common metals used

‘ in refrigeration and air conditioning systems. Beside metals tests have shown

| | 25
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"That R407C and is compatible with elastomers and plastics materials that are

‘used as an accessories in the refrigeration system.

Thermal decommposition:

| R407C will decompose when exposed to high temperature around 100
°C or flame sources . Decomposition may produce toxic and irritating
'compounds, such as hydrogen fluoride. The decomposition products released

'will irritate the nose and the throat.
i

Refriveration lubricants and miscibility:

There are different types of  lubricants that can be used with

refrigerant blends but in almost all cases the mineral oils (MO) previously

used with CFC refrigerants should not be used with new HFC refrigerants.
“This is because tl_ie new refrigerants have very different solvent properties
from CFCs.
Synthetic oils are now available and have been tested by lubricants
hnanufacturers extensively with R407C, the three types that are used with
peneral blends refrigerants are:
| - Alkyl Benzene (ABB).
| - Polyster (POE) lubricants.

- Polyalkylene Glycol (PAG).

In general R407C is miscible with polyol ester lubricant and immiscible with
Slkylbenzene and mineral oil lubricant.

l\nother important point is that residual mineral oil or alkybenzene left in a
tefrigeration system after a retrofit to R407C refrigerant is performed
ecreases the lubricant/refrigerant miscibility. This is one of the reasons why
three oil changes are generally recommended when a system is being

26
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3.5 Gharging, Yecovery and Heclamation:

As with any other refrigerant blend, when charging equipment with
R407C, only liquid refrigerant must be charged from the cylinder, it is
advisable to use a gauge manifold set equipped with a liquid sight glass fitted
in the center port. Usually R407C cylinders are equipped with liquid and

vapor valves to insure that we can get fiquid refrigerant only.

Recovery refers to the removal of any refrigerant from equipment and

collection in an appropriate external container. R407C may be recovered

from refrigeration equipment using permanent on site equipment or one of

the portable recovery devices. At the end of recovery cycle, the system is
evacuated to remove vapors.
Reclamation refers to the reprocessing of used 407C to new product
~ spectfications. Quality of reclaimed product is verified by chemical analysis
- Reclamation offers advantages over on-site refrigerant recycling procedures,

- because these systems cannot guarantee complete removal of contaminants.

Leak detection is an imporiant procedure that must be carried out

before or during operation of an A/C equipment. There are four methods of

checking a system for leaks which are:

High pressure test with oxygen free nitrogen (OFN).

Drop test (minimum 24 hours- the longer the better).

]

‘ Water soap solution (tested only on positive pressurcs).
|

- Each  of these methods have their merits; the first three during

Electronic leak detector .

‘ commisstoning when the system is likely to contain oxygen free nitrogen, the
| third and fourth during service when the system contains refrigerant.

28
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- 3.6@ycle sdnalysis:

Refrioeration and vapor compression cycle:

The vapor-compression cycle -which is illustrated in figure {3.2) is the
| most widely used refrigeration cycle in practice. The vapor processes, which
‘ cowmprise the standard (ideal) vapor-compression cycle, are:
- Reversible adiabatic compression from saturated vapor to the

condenser pressure.
| - Heat rejection at constant pressure and condensed to saturated liquid.
| - Irreversible expansion at constant enthalpy from saturated liquid to the
‘ evaporator pressure.

- Heat addition at constant pressure in evaporation to saturated vapor.

‘ Assumptions:

| When conducting the mathematical calculations for the performance
‘ of the R407C refrigerant, number of assumptions were taken into
~ considerations for the research which is listed below:
- the behavior of the ideal cycle is considered in the research, when

‘ setting the different points of the cycle.
! - Constant entropy is considered through the compressor, to setthe
| location of the condenser super-heat when drawing the cycle using the P-h
diagram.

| - Constant enthalpy through the expansmn valve is considered, to set the
| location of the evaporator nlet point.

| - Experiment was conducted on the basis that steady state conditions was
‘achieved in all data acquisition, deviation effects due to unsteadiness was
| excluded.
LA circulating pump and a 3 m’ water tank are considered to be the

! evaporator low temperature reservoir.

| 29
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Chapter Three fTheoretical Analysis.

- An average between the bubble point and the dew point (temperature
- glide) 1s taken to find the evaporating and condensing temperatures for the

different tests that carried out.

Measured Data:

All data were recorded and listed in the appendix. For the calculations
of this work, the data required for the various tests that were conducled, is
listed in chapter five for the T, variation test, T, variation test, and for the

performance comparison between R407C and R22.

All the mathematical and enthalpy calculations were done using the Mullier

(P-h) diagram for both R407C and R22 refrigerants.

Refrigeration Effect:

The liquid refrigerant flowing through an evaporator boils as it
exchanges heat from the water that is flowing in the evaporator. The quantity
“of heat that is exchanged in klJ/kg of refrigerant circulated in this process is
' known as the refrigeration effect.

The net refrigeration effect depends upon the temperature at which the
| refrigerant leaving the evaporator and the temperature of the liquid after the
~expansion. It is thus given by :

Qrer=h, — 1y
Where h, and hy are the enthalpies in (kJ/kg) of the refrigerant leaving and

entering the evaporator, respectively, (see figure (3.2)).

31
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Refrigeration Capacity:

The refrigeration capacity is the rate of heat exchanged in (kW) in the
evapdrator. It depends on the mass of refrigerant circulated per unit time (m’)
and the refrigerating effect. It is given by :

Qeap= M’ Qper
Where, Qe is the refrigeration capacity in (kW), m' is the refrigerant mass

flow rate in kg/s and Q.. is the refrigerating effect in kl/kg.

- Refrieerant Mass flow rate:

The mass flow rate of a refrigerant is the mass of that refrigerant in kg
which must be circulated per second time for any operating conditions. It 1s
given through the chilled water heat removal in the evaporator Qy., which is
equal to the refrigeration capacity Qg,p, and is given by:

Quat =M eat Cp ( Tin= Tou)
Where: - Qua  1s the chilled water heat removal power.
- G, is the specific heat capacity of water evaluated at the
average inlet and outlet water evaporator temperature.
- Tin, Tow is the inlet and outlet evaporator water temperature
respectively.

Qwal = anp

And the refrigerant mass flow rate can be calculated as:

Qcap =M per (ha - hd)

- Compression Work:

The compression work is the increase in the refrigerant enthalpy
during the compression process done by the compressor, which is given by:
W= hy,-h,
Where, W is the compression work inki/kg, I, and I, are the refrigerants

enthalpies at compressor suction and discharge respectively.

32
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The power consumption P in (kw) can be féund as:

P=m'[of W

Coefficient of performance:

The coefficient of performance of a system is an expression of the

system efficiency . It is obtained by dividing the refrigeration capacity over

the power consumption .

COP = Qcap /P = (l]a — hd)/ (l]], — ha)

33
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Ghapter Four

éaxperimental Uork

- S P S S 3

i. 1 Introduction:
|

‘_ A locally manufactured water chiller was tested in this research. The
original refrigerant R22 was replaced by the refrigerant R407C.
Tlhe work involves the assembly of the experimental research chiller shown in
figure (4.1) to measure the different parameters such as temperatures, and
pressures at different locations of the chiller refrigeration cycle. Evaporator water
in&et and outlet temperatures were recorded by the use of thermocouples.
The temperatures and pressures of interest in the experiment for refrigerant

|
R407C are as shown in figure (4.2), and in figure (4.3) for refrigerant R22 .

34
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Figure (4.1): Research chiller picture
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figure (4.2): Refrigeration circuit schematic drawing for the chiller

where R407C is used

36



Chapter Four / Experimental Work.
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Figure (4.3): Refrigeration circuit schematic drawing for the chiller
| where R22 is used
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|42 Skperimental Ghiller Pescription:

The experimental research chiller was manufactured by a local

nanufacturer twice in this experiment, once for the use of R407C refrigerant, and

the other for the use of R22 refrigerant. This is done due to some different
components that were added to the chiller when using R407C which will be
illustrated below:

- Air-cooled condenser:

L The air-cooled condensers are designed to deliver their respective duties at
optimum performance at all experimental designed condensing temperatures.

Coils are manufactured from seamless copper tubes mechanically expanded into

aluminum fins. All coils are tested at 3145 kPa, air pressure , under water to

avoid any leakage. They also undergo chemical cleaning after manufacturing for

optimum system cleanness.

L Compressor:

| The compressor used is a semi-hermetic reciprocating, refrigerant gas
cooled, solid-state overload protection in each phase.

[The compressor is pressure lubricated by a reversible oil pump, the oil being
Iused in R407C refrigerant is polyester oil which is different from the alkyl

benzene ot! that is used in the case of R22.

-Shell and tube heat evaporator:

Shell tubes are made of high efficiency seamless copper tubes. They are

.L'oller”s' expanded into double grooved tube sheet. Evaporator bafTles are designed

10 achieve high heat transfer efficiency to reduce the case of flooded evaporators

38
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‘when using R407C .
All shell and tube evaporators are tested for refrigerant side working pressure of

2515 kPa, and a design waterside working pressure of 1050 kPa.

Fxpansion valve:

The expansion valve is a valve where the refrigerant expands [rom the high

pressure side to the low pressure side, in order to obtain the lower temperatures

needed. The expansion valve used in R407C refrigerant test is of an electronic

type where it is modulated automatically to prevent any excess liquid refrigerant

in the evaporator, while the one used in R22 refrigerant test is of a thermostatic

iype where it is modulated by a thermostatic spring.

Suction accumulator heat exchanger:
|

This device is only used in the case of using R407C, it exchanges heat
from the high temperature liquid line after the condenser and the low temperature
Laturated gas to vaporize any amounts of liquid that could be presented in the gas

before entering the compressor at the suction valve.

4.3 Aleasuring Devices:

The vanables that were measured during the experiments arc temperatures,

pressures, and the compressor current ampere.

Temperature measurement:

Copper —constantan (Type T) thermocouple that is tied and ended with a
sensor is used to measure the temperature at each point of the system as follows:

39
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| 1. Condenser outlet refrigerant side temperature, T .
. Liquid receiver outlet refrigerant side temperature, T, .
. Suction accumulator heat exchanger inlet (liquid) refrigerant temperature, T,

|4 Suction accumulator heat exchanger outlet (liquid) refrigerant temperature, T4

2
3
4
5. Suction accumutlator heat exchanger inlet (gas) refrigerant temperature Ts.
6. Suction accumnulator heat exchanger outlet (gas) refrigerant temperature T,
8. Condenser inlet air side temperature, Teop in.

8. Condenser outlet air side temperature, Teon out.

9. Evaporator inlet water side temperature, Teyap,in-

'10. Evaporator outlet water side temperature, Tevap out.

Points are numbered in accordance with figure (4.2)

Each thermocouple was connected to a digital logging LCD screen,

(MicroTec sensors ), made by MicroTec electronics company, Italy) with an

accuracy of 0.01 °C .

Pressure measurement:

Pressure was measured using a gauge manifold, which is comprised of a
compound gauge, a pressure gauge, and the valve manifold.
iThe compound gauge is used to measure pressure both above and below
atmospheric (vacuum).
IReadings were taken at locations (1-6), beside the discharge and suction

pressures of the compressor.
i

Compressor current ampere:

| The electrical current of the compressor was taken as an indication to the
Lompression work. The clamp ohmmeter was used for reading acquisition.

40
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4.4 &xperimental Pocedure:

The procedure of the experiment can be summarized as follows:

-The chiller where R22 refrigerant to be used, is assembled from the main
components being illustrated previously, refrigeration circuit copper pipes were
connected and brazed properly to each other with the system components.

The leak test was done by pressurizing the whole system with nitrogen free
oxygjen gas, to insure no leaks in the system from points where it is brazed. The
system is to be evacuated properly from the nitrogen, humidity and any
contaminants that may exist in the refrigeration circuit using a vacuum pump, the
vacuum process is to prepare the system for refrigerant charging.

Water pipes were connected to the evaporator inlet and outlet ports, to start the
‘commissioning of the chiller.

The same procedures were done for the previous chiller. When using refrigerant
R407C the suction accumulator heat exchanger being illustrated previously, was
added to the circuit to make sure that all refrigerant gas entering the compressor
is free of liquid. The compressor oil was changed to polyester oil which works

with R407C refrigerant.

- After finishing the manufacturing processes, commissioning is operated
inside a special testing room, designed to simulate different commissioning
conditions through number of axial fans mounted at the side and the top of the
room, in order to control the inside temperature of the testing room.

A three cubic meter water tank is to supply water to the chiller evaporator, which
is connected at the inlet and outlet of the evaporator ports in a closed circuit to

obtain the water temperature required.

41

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



\ - When commissioning the following tests on R407C and R22 refrigerants

jwere carried out to study the performance of the new refrigerant:

!- Evaporating temperature (T.) variation test:

I This test is conducted to study the performance of the chiller and thus refrigerant
under different evaporating temperaturcs. This test is donc by varying (he
temperature of water enters the chiller evaporator through the water tank piped
iimmediately as a closed circuit to the chiller.

‘Temperatures and pressures at the different locations were recorded for each
‘evaporating temperature being chosen.

‘- Condensing temperature (T.) variation test:

This test is conducted to study the performance of the chiller and thus refrigerant

‘under different condensing temperatures. This test is done by varying the
temperature of air enters through the fan condensers.
iTemperatures and pressures at different locations were recorded for each

condensing temperature being chosen.
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%’hapter Five
e%esults
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|
|
5.1 YData:

| The experiment consisted of measuring, temperatures, pressures, and

‘compressor current of a chiller that R407C is used, a full general

‘was illustrated in chapter four.

commissioning data for the temperature and pressures at different

-condensing and evaporating temperatures were taken at different positions as

Two tests were carried out on the chiller, the first test was the variation of the
‘evaporating temperature at constant condensing temperatures which was
called as T. variation test. The second test was the variation of the

condensing temperatures at constant evaporating temperatures which was
Lalled T, variation test.
A third test was conducted for the chiller when R22 was used , the data were

taken for the T, variation test, so the comparison between the two

refrigerants is achieved.
|

'f‘he full general commissioning data, and the referring Mullier (P-h)
diagrams are illustrated in the appendix, the T, and T, variation tests data and
r|Lsu1ts tables are illustrated in this chapter, while the (P-h) diagrams are
1llustrated in the appendix. All the performance figures are illustrated in
clhapter six. A sample calculation is carried out in this chapter for the three
tésts being mentioned above.
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_ Chapiter five/ Results.

5.2 Jample @alculation:

T. variation test:

The data readings for the T, variation test is illustrated in table (5.1).
The value of enthalpies were taken from Mullier diagram that is illustrated in

Fig (5.1).

Water mass flow rate (m’ )= 60 Gpm =3.79 kg/s
Water specific heat (C,) = 4.12 kl/kg k

~ Condensing temperature (T.) =39 °C

Evaporating temperature (T,) =-3.5 °C

Refrigeration effect: Q= h, —hy =428-456=172 kl/kg
Chilled water heat removal: Quu =M’ wa Cp (Tevap.in — Tevapou) =
=(3.79)(4.12)(20-14.8)
=81.2 kW
Refrigeration capacity: Qcp = Quar = 81.2 kW
Refrigerant mass flow rate: m’yor = Quap/ Qrer
— 81.2/172 =0.472 kg/s
compression work: W=h, — Iy,
=461-428=33 kl/kg
Power consumption: P=m" o W
= (.472 * 33=15.576 kW
Heat removal: Qyemovat = Qrer tW
= 172+33=205 kl/kg
Coefficient of performance: COP= h, — hy/ Iy, — h,
= (428-256)/(461-428)
=52
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Chapter Six / Discussion. Conclusions and Recommendations.

' rate of (8 kl/kg). This is expected since higher T, values means large demand

on cooling, and large values of enthalpy at higher T. thus an increase in

. refrigeration effect. It can be said that the effect of the shape of saturation

region results in decreasing the refrigeration effect with T, increase.

- In the T, variation test figure (6.2), the compression work decrcascs as the

value of T.increases at constant T, value, while it increases as the value T
iricreases at a rate of (7 kl/kg), this is expected since at higher T, the
cooling demand is increased, which implies higher compressor work lo
satisfy the new needs in the load. The suction enthalpy will increase as T,

increases, which satisfies the decrease in compression work.

- In the T, variation test figure (6.3), the COP increases as T increases, at

constant T, this is expected since the enthalpy difference across the
evaporator will increase, and the enthalpy difference across the compressor
will decrease. While it decreases as T, increases at a rate of (1-1.5), this is
expected since the enthalpy difference across the evaporator and the

increase in the enthalpy difference across the compressor.

- In the T, variation test figure (6.4), the refrigeration capacity was calculated

by using chilled water heat removal energy balance in the evaporator. It is
noticed that for constant T., the refrigeration capacity increases with
increasing T.. Since refrigeration capacity equals to the mass flow rate
multiplied by the enthalpy difference across the evaporator.

Increasing T, will cause both mass flow rate and the enthalpy difference to

Be increased.
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- In the T, variation test figure (6.5), as the evaporating temperature increases
at constant condensing temperature, the mass flow rate increases. This is
expected since the mass flow rate is inversely proportional to the specilic
volume, as T, increases, the specific volume decreases yielding to an
increase in the mass flow rate.

As T, increases the mass flow rate decreases for the same T, that is due to
the decrease in the specific volume at the exit of the compressor while the it

remains constant at the compressor inlet.

- In the T, variation test figure (6.6), as T, increases at constant T the heat
removal increases due to the increase in the refrigeration effect with the
slight decrease in the compression work. As T, increases at constant T, the
heat removal will be decreased due to the decrease in the refrigeration effect

with the slight increase in the compression work.

- In the T, vanation test figure (6.8), as T, increases at constant T, the

refrigeration effect decreases because increasing T, causes to an increase in
the enthalpy of the refrigerant entering the evaporator while keeping the one
leaving the evaporator constant. As T, decreases the refrigeration effect

decreases as illustrated in the T, variation test.

- In the T, variation test figure (6.9), as the condensing temperature increases
at constant T,, the compression work increases, since the discharge pressure
(and though the discharge enthalpy) will increase while keeping the suction

enthalpy constant. The increase of the condensing temperature yields to add

another load on the condenser and therefore on the compressor, so the
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~ compression work is increased. From the same figure as T, increases the

compression work will increase as illustrated in the T, variation {est.

- In the T¢ variation test figure (6.10), as T, increases at constant T, the COP
decreases, since the enthalpy difference across the evaporator will decrease, and
|

the enthalpy difference across the compressor will increases. As T. decreases (he

COP decreases at a rate of (1-1.5) as illustrated in the T, variation test.

- In the T, variation test figure (6.11), as T. increases at constant T the
refrigeration capacity decreases. This is expccted, since the increase in T, will

increase the saturated liquid enthalpy at that condensing temperature, causing the

decrease in the enthalpy difference across the evaporator and the slight decrease
iin the mass flow rate. As T. decreases the refrigeration capacity will be

decreased as illustrated in the T, variation test.

- In the T. wvariation test, the refrigerant mass flow rate variation with the
!condcnsing temperatures for two values of evaporating temperatures are
.presented in figure (6-12). Increasing T, at constant T, will decrease the mass
flow rate, since the specific volume of the refrige‘rant at the compressor suction
remains constant , while it decreases at the compressor discharge.

IAs T. increases, the mass flow rate will be decreased as illustrated m the T

variation test.

- In the T, variation test figure (6.13), as T increases at constant T, the heat
removal decreases, since the refrigeration effect increases, with aslight

decrease in the compression work.
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‘ As T, increases at constant T, the heat removal is increased due to the increase

of the refrigeration effect.

6.2 %onclusions:

The performance curves for R407C and R22 are illustrated in figures, the
following conclusions were deduced:
|
- From the experimental results of the performance evaporating temperature
test, it has been found that the refrigeration effect for R407C has a slightly
higher value than R22 figure (6.15). In contrast to the refrigeration effect,
| the coefficient of performance for R22 has a higher COP than R407C, and

this is due to the increase of the compression work for R407C.

! - From the previous tests, R407C has higher values of the heat removal,
compression ‘work and the refrigeration capacity than R22. The mass flow

| rate for R22 has a slightly higher value than that for R407C. This implies
using larger condenser for R407C that is occurred in the suction accumulator

heat exchanger.

‘ - The presence of the temperature glide which has a rate of (5-6) °C, can be
| more or less pronounced, it is mainly dependent upon the boiling and the
percentage proportions of the
individual components.
Thts affected the behavior of R407C with a simall increase in temperature in
the evaporation phase, and reduction during condensation.
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- Refrigerant R407C has a lower discharge temperature and slightly higher
discharge pressure than R22. Therefore minimal system modifications like
adding a suction accumulator heat exchanger to the A/C machine to ensure

full vapor phase entering the compressor.

- R407C is non-flammable, non toxic, and an accepted thermal and chemical

stability refrigerant, it is considered a good alternative for R22 in high and

medium temperature systems.
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_ Chapter
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6.3 Zecommendations:

- A chemical study has to be made to check the eflect of heat on the

composition of the mixture and their stability.
|
- An addition of a suction accumulator heat exchanger to ensure only vapor
! phase to be returned to the compressor. It is recommended to have a more
| study to remove this part and to find a way like enlarging the evaporator , (o
make it easier in the future for the retrofitting process from R22 to R407C,

not to add any component to the existing system.

- Further study is to be conducted in the cases when a heat pump option is
added to the chiller. The whole cycle is reversed when this option is added,

| the condenser is used as an evaporator and vise versa.

- More work to be done on calculating the properties of the mixture for a wide

range of working and environmental conditions.

- More experimental studies are recommended to be conducted on different

types of air-conditioning equipment like packages, condensing units and split

‘ urts.
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APPENDIX (C): Refrigerant .R407C, thermodynamic tables




TABLE1
Suva® 407C Saturation Properties—Temperature Table

PRESSURE VOLUME DENSITY ENTHALPY EMIROPY

TEMP. kra mikg kgim3 k) g} TEMP.

“C LiquIiD VAPOR Liquis VAPOR uQuID VAPOR Liqupn LATENT VAPOR Liquip VAPOR b
pl 1] vl vg L g Ly hig hg 5! L1:|

100 25 12 0.0006 141643 15038 0.0m 758 2754 I3 0.4409 2.0690 -0
-99 21 13 0.0006 12,8066 15804 0070 7639 M9 1519 0.4473 20629 -9
-on 3.0 14 0.0006 1m.nn 15171 0.005 181 214 3525 04537 20560 -8
-97 32 156 0.0006 10.7066 15731 0.093 192 2131 3531 0.4601 2.0509 -9
-84 s 1.2 00006 97152 15104 0.102 an3 2734 3517 04664 20451 95
15 38 19 0.0006 g9145 15671 o112 B1.4 2729 313 04727 20394 -95
-04 42 PR 0.0006 81033 1563.7 0.122 826 124 3550 0.4790 20339 .11
-93 45 23 00006 15019 1560.4 0133 817 ma 3556 0.4053 2.0284 -93
-92 LR 25 0.0006 6.0823 15510 0.145 848 214 356.2 0.4915 20230 -92
-9 54 28 0.0006 6.3251 15537 0158 859 2709 1560 0.4977 20178 -01
-%0 58 30 0.0006 50113 1550.3 0112 81 2104 3574 0.503¢ 20126 -0
-89 63 33 00006 53533 15469 0.197 92.2 2699 581 9510 200758 -89
-90 6B i6 00006 49370 15436 0203 093 2694 nel 0.5162 2.0026 -8
-81 13 39 0.0006 15537 15402 0220 905 2688 1593 0524 19971 -07
-06 19 43 0.0007 42052 15359 0218 916 2693 3599 0.5205 1.0029 -85
-85 a5 47 0.00H 38800 15335 0251 928 2618 W06 0516 19082 -85
Rt 92 51 00007 15804 15301 0210 939 7611 1612 0.5406 19836 N
-03 29 55 0,000} 33 15268 0.300 95.0 2660 618 0.5467 19191 -83
82 106 |- 59 0.0007 10821 15234 0323 96.2 266.3 1625 0.5527 19741 -B2
-1 14 (] 0000} 28703 15200 L] 913 2658 1611 05587 1.9703 -81
-0 123 10 00007 26667 1516.6 0378 985 265.2 3637 05616 1.9661 -00
-19 112 15 0 0007 24795 15132 0403 996 2647 3644 0.5706 1.9619 -19
-1 11 8.1 0.0007 23079 1509 8 0431 1008 264.2 365.0 05765 1.9578 -7
-n 151 80 0.0007 21501 1506.5 0465 1020 637 %56 05024 19539 -n
-6 162 94 0.0007 20048 1503.1 0.499 101 263.2 3663 0.5083 1.9490 -6
-5 173 102 0.0007 18100 1479} 0435 1043 626 NG9 05942 1.0 -1%
-1 105 10.9 00007 17413 14363 031 105.4 262.1 3676 06001 1.9422 -1
-1 107 148 00007 16335 14929 0612 106.6 2616 368.2 06059 19385 -1
-n no 126 00007 1.5201 135 0654 078 2611 608 06117 1910 -1
-n 724 135 0.0007 1.4306 1496.1 0699 1090 605 3695 06175 19311 -n
-10 239 "s 0.0007 1.2405 14027 0746 1103 200 3101 06233 19211 -1
-69 254 1556 0.0007 1251 14791 0796 113 2505 3108 06291 19243 -6a
-60 0 167 00007 (RFLE 14158 0648 125 2589 KR 06349 1.9209 -68
67 207 170 0.0007 11018 14725 0.903 112 2504 1 0.6406 18116 -61
-66 305 190 .00 1.0411 140600 0964 1149 we 1127 06463 1.9144 -6
65 324 203 0.0007 09701 1465.6 1021 1160 251 3733 06520 19112 -5
-GA 344 FAR] 0.0007 0.921% 14622 1.005 172 2568 3740 06517 1.9081 B4
-63 364 21 00001 08618 14588 1152 164 7562 ING 06634 1.8050 -63
-62 16 747 0.0007 08172 14551 11 196 2557 k%) 06691 19020 Nivs
-61 409 263 0.000? 0113 14519 1.297 1208 255.1 3759 06747 1 8991 -6!
-G 313 218 00007 07219 14405 134 1220 2546 3166 06003 18962 -6
-59 457 P 0.0007 06M3 450 1.455 1232 2540 112 0B0SS 18913 -5
-50 40.4 ne 00007 06404 14416 1540 1244 2518 ng 06916 10906 -5t
-57 511 118 0.0007 06140 1438 1629 1256 2528 3185 06971 1.80/0 -5/
-56 519 356 0.0007 0.5809 14347 1.722 1268 2523 319.2 0.7027 1.8552 56
-55 56.9 311 00007 0549 14312 1.810 1290 2518 378 01083 19025 5%
-54 600 400 00007 0.5208 14218 1920 1293 542 305 on3e 18000 -54
53 613 124 0.0007 04936 14243 1026 1305 2506 381.1 07194 10718 -51
52 666 "o 00007 A6 14208 2131 1317 2501 e 03219 18750 -52
-81 T02 415 0.0007 04411 Hil4 2292 1129 2498 024 01304 18126 -5
-50 718 50.2 0.000? 04216 141319 2312 1342 pLII%: 3831 01159 18702 -50
49 mn? 530 0.0007 0.4004 14104 2491 1354 21483 3837 0114 1.9678 -7
-8 01.6 560 0.0007 0.3005 14069 2628 1366 nu11 3044 0.7463 1.8655 40
-47 858 59.1 00007 0.3618 14015 2164 1318 i 3050 0.1523 10613 -7
-4 90.1 62.4 00007 0.3442 14000 2505 1391 2466 3056 0.1578 16614 A%
-45 946 658 0.0007 0.3216 13965 3053 1103 2460 206.3 03632 1.8589 -45
-4 %2 691 0.0007 03120 13030 3206 116 754 3069 01507 1.9568 -4
-43 1040 130 0.0007 0.2012 1309.5 3365 1428 247 016 0.7 185417 -1
-42 100.1 164 0.0007 0.2833 1385.0 1530 1441 FLIR 3892 0195 18521 -1t
-4 143 80.8 0.0007 pzicl 11924 1702 1153 2438 3809 0.7849 1.8507 -

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



TABLE 1 {continued)
Suva® 407C Saturation Properties—Temperature Table

| PRESSURE VOLUME DENSITY ENTHALPY ENTROPY
1rmp, kPa m3fky kgim3 Kk ki kgHK) TEMP,
< LIQUID VAPOR LIGUID varon uquin VAPOR LIGun LATENT | VAPOR Liquip VAPOR ©
: i rg vl vy il 1ivg hi hig hg sf sg
-0 197 850 0.0001 0.2577 13189 1000 146.6 229 3895 0.7903 1.8407 -40
-39 1253 893 0.0007 0.2460 13754 4065 1419 7423 3902 0.7057 18468 -39
30 1311 938 0.0007 02348 ns 4251 149.1 2117 3908 0.8011 18448 -3
-3 1371 915 0.0007 0.2244 13683 4456 1504 Mo 1914 0.0064 1.8430 -37
36 1133 1034 0.0007 0.2145 1364 8 4667 151.7 204 3921 0.0113 1112 16
3% 140, 108.5 0.0001 0.2051 13613 4876 153.2 2.5 3927 08104 1.8304 35
-1 1564 130 0.0007 0.1062 13577 5000 1545 2308 3934 03231 18377 -1
-33 163.3 119.2 0.006 01877 1354.2 5327 155.8 2382 30490 0.0290 18360 -33
-32 1705 1249 0.0007 01797 13506 5564 1511 216 3946 00343 18343 -2
-3 ms 1308 0.0007 01721 13471 5810 1583 2%6.9 "395.3 0.8395 18326 -3
-3 1855 136.9 0.0007 0.1649 13415 6.064 1596 236.3 3959 0.0440 1.8310 -0
| -2% 1933 143.2 00007 0.1500 13399 6121 1609 2356 3965 0.8501 1.8294 -29
-28 2015 LELR: 0.0007 £.1515 13363 6509 162.2 239 3912 0.9554 10278 -20
.21 209.9 156.5 0.0008 0.1453 13327 6.000 163.3 2345 3978 0.8596 1.0263 -n
-26 2186 1636 0.0008 0.1394 1320.2 i 164.4 2340 3984 0.8643 1.8218 26
. -25 2216 1709 00068 0.1330 13256 1412 1657 2333 3090 0.0696 18233 =25
24 2360 1704 0.0008 0.1205 13220 1.102 1611 M6 399.7 0.0748 1.8210 -4
-1 246.3 106.2 0.0000 0.1734 13133 8102 1684 2219 4003 0.0001 18204 -2
-n 2562 1942 00008 0.1186 13147 9413 169.7 mz2 4009 0.8054 1.810% -
-2 2663 2026 0.0008 o440 | 1mia 8715 1m0 230.5 4015 0.0807 18176 -2t
-20 2768 2112 0.0008 0.109% 13015 9.12¢ 124 297 4021 0.0959 1.8162 -0
-19 26015 2200 0.0008 0.1054 1303.8 9491 17317 2290 027 0.9012 1.0140 -19
-1 298.6 202 0.0008 0.1014 1300.2 9.966 175.1 2283 403.4 0.9064 18135 -8
-1 3100 237 0.0008 00975 12965 10.253 1764 22158 1040 po11? 18122 17
-16 Nng 2185 0.0008 0.0939 12029 10.651 178 2268 1046 0.9169 18109 -16
-13 3139 2506 0.0008 0 0904 12092 11.062 179.1 2260 405.2 09221 10097 -15
-u 3163 2620 0.0000 00N 12855 1.486 1905 2253 A05.8 09214 1.0004 -4
-13 3500 97 0.0000 00839 12819 11.923 1019 2145 406§ 0.9326 1.6072 -13
-1 722 790.0 0.0008 0.0008 1270.2 12312 183.2 m1 070 09378 1.9060 -12
-1 3851 302.2 00008 00779 12745 12.835 1045 2231 1076 0.9475 1.0048 -n
210 3996 39 0.0008 0015 12108 13.313 1859 w3 400.2 0.0478 1.0037 -10
-9 41318 326.0 0.0008 00724 12611 13004 1973 bl 400.8 0.9530 1.8025 -9
-8 4285 3365 0.0000 00699 12633 14311 1887 22071 408.3 0.9582 1.8014 -8
-1 4115 3513 0.0008 00674 12596 14831 1901 nes 4099 0.9635 18003 -1
-6 450.9 364.5 0.0008 0.0651 12559 15360 1915 2190 4105 09687 11992 -6
-5 4749 370.14 0.0008 0.0620 12521 15918 192.9 ne2 111 0.9739 1.7981 -5
-4 4910 392.1 0.0000 0.0607 12484 16.487 1943 2174 ang 0.9791 17970 -4
-3 5017 406.5 0.0008 00586 12446 170N 1957 216.5 122 0.9043 1.7959 -3
-2 5240 412 0.0006 0.0566 1240.0 1761 1971 2157 120 0.98% 17949 -2
-1 542.3 1364 £.0008 0.0547 12320 18.289 198.6 2148 34 0.9948 1.1938 -1
0 5603 4520 0.0000 00528 12332 12924 2000 2139 139 1.0000 1.7928 0
1 5707 4600 0.0000 00511 12294 19577 014 2130 4145 1.0052 1.7918 1
2 5016 4045 0.0000 00194 12256 20.249 2029 nn 1159 1.0104 1.7008 2
3 616.9 501.4 0.0000 0.0478 12218 20839 2043 211.2 156 1.0156 17008 3
4 636.7 518.7 0.0008 0.0462 1219 21849 2058 703 4161 1.0209 1.7888 4
5 657.0 5366 0.6008 00447 12141 22378 201.3 2094 1165 1.0261 13079 5
6 6718 5549 0.0009 0.0432 12102 23121 2087 2084 4112 10313 1.7069 6
7 §99.0 5136 0.0008 0.0418 1206.3 23008 2102 2015 a1l 1.0365 17059 1
8 1208 592.8 0.0008 0.0405 12024 24.609 w7 206 5 4182 10418 1.7050 8
9 1430 6125 0.0000 0.0392 11985 25.502 232 2056 4100 1.0420 11841 9
10 7658 $32.8 0.0008 00380 11946 26338 2141 046 1193 1.0522 17831 10
1 700.1 6535 0.0008 0.0368 11907 21196 216.2 2036 479.0 10514 17822 n
12 8129 8747 0.0008 £0356 1106.8 20078 FLER] 2025 4203 1.0621 11813 12
13 8373 696.5 0.0000 0.0345 1162.8 28934 2192 2016 1200 1.0679 17804 1
14 0622 mes 0.0008 003134 17188 29094 208 2005 213 10132 1.77104 14
15 807.6 M1 0.0009 00324 11148 30.870 13 190.5 218 10704 1.7705 15
16 9136 765.1 00009 0031 11704 31852 230 1004 23 10837 17176 18
17 940.2 7021 0.0009 4.0304 11668 32800 2754 1004 4221 10009 11167 17
1 967.3 8136 0.0009 0.0295 11628 31896 6.9 196.3 4232 10042 1.1758 18
19 995.1 818.7 0.000% 00206 11507 34.960 2705 195.2 4217 1.0095 1119 19
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TABLE 1 {continued)
Suva® 407C Saturation Properties—Temperature Table

PRESSURE VOLUME DENSITY ENTHALPY ENTROPY

TEMP. kPa mlkg kg/m1 kilkg ki kq)(K) TEMP,

T Liquio VAPOR Lquio VAPOR 11quin VAPOR LiquID LATENT VAPOR LIGUIn VATOR *C
pl g vl vg W tivg hf Tifg hg sl 5q

2 10234 LR} 00009 002N 1154.7 36.052 2301 1940 £211 1.1041 11140 b4l
F4l 10521 190.7 00009 0.0269 N6 FTAYET 216 1930 4248 1.1100 1.7 byl
22 10018 917.6 0.0009 0.0261 11465 30.320 232 191.8 4251 1.1153 17122 n
23 1120 B45.1 0.0009 00253 1423 39.512 2349 1907 1255 1.1206 13 Fi]
2 1427 9733 06,0009 00246 1an2 0,720 2364 1195 £25.9 11249 1.7/ K]
25 11741 1002.1 0.0009 00228 11340 1977 300 1803 £264 11312 1.7695 24
26 12061 1031.% 00009 00231 1299 43.261 2397 1071 £268 1.1366 1.7686 26
21 12388 1061.6 00009 00224 1256 44579 2113 1059 4272 11419 17617 27
20 1211 10923 00000 pong N4 45934 2429 1047 216 11413 17668 0
29 1306.0 1237 0.0009 0021 11171.2 17.325 2446 1834 1289 11576 1.7659 29
30 13407 11559 0.0009 0.0205 mzyg 48.755 246.2 1921 1294 1.1500 11649 30
Eal 1316.0 11807 0.0009 0.01%9 11086 50.225 FLIR) 1808 A7 1.1634 1.7640 k1]
32 14120 12222 0.0009 0193 1104.3 51.735 2496 1795 429 1.1608 1.7630 12
33 1440.7 12564 0.000¢ 1 E: ] 1099.9 51.287 2513 178.2 4295 11742 1.1621 n
H 1486.1 12914 0.0009 0.0182 1095.5 541083 2530 176.9 4298 1.1796 11611 kL)
35 15242 13211 0000¢ 00117 10911 .52 25417 1155 4302 11853 1.7602 35
36 1561.0 13635 0.0009 00172 1006.7 50.209 2564 1241 4305 1.1905 1.7502 %
3 16025 1400.7 00009 0.0167 10022 59943 2581 nw 4308 1.1959 1.7502 17
38 16428 + 14387 0.0009 0.0162 1071.7 61.726 2509 ma3 1311 1.2014 1.3572 3
39 16038 1S 0.0009 0.0157 1073.2 63561 W16 169.8 314 1.2069 1.7562 30
40 11255 15170 0.0009 0.0153 10686 65.448 2634 160.3 4317 1.5 11551 10
L1l 11680 15514 0.0009 00148 100410 67.390 265.2 1668 4320 1.2180 1.7541 41
{2 1811.3 1598.6 0.0009 00144 10594 69.308 2670 165.3 4323 1.2216 12530 42
43 18553 1640.6 0.0009 0.0140 1054.7 11446 20688 163.7 4325 12292 17519 13
" 1900.2 1643.5 0000 00136 10500 71.565 706 162.2 4328 1.2340 1.7508 LL]
45 19458 19212 00010 00132 1045.2 15.747 2125 1605 £330 1.2404 1.7497 15
46 19922 1.y 00010 00128 10404 77.904 2713 150.9 1312 1.2461 1.7485 L
17 20394 1917.2 00010 00125 10355 00.311 216.2 157.2 9334 12517 12474 47
8 20014 19633 0.0010 oo 1030.6 02699 2181 1555 13316 12515 1.1462 18
43 21362 19109 00010 00117 1025.7 05.161 2800 1538 1318 1.2632 1.7449 49
50 21059 1959.0 00010 00114 1020.7 8.1 2019 1520 4319 12690 11437 50
51 22364 20001 00010 o1 1015.6 00.321 2838 150.2 LKLR] 12740 1.1 51
52 22017 20581 0.0010 00101 1210.5 930727 2859 1484 312 1.2806 11411 52
53 23399 21091 0.0010 0.0104 10053 95820 007 146.5 4743 1.2065 1.1187 53
54 23929 21611 0.0010 0011 1000.0 98.707 2007 144.6 4344 1.2924 1.7304 54
S5 2446 2211 0.0010 0.0098 9947 101.69 2017 1427 4344 1.2904 1.726% 55
56 25016 2268.1 00010 0.0095 9093 104772 2918 1407 4315 1.3044 1.7355 56
51 25513 23231 00010 0.0093 9838 | 102970 2058 1386 4315 1.3105 1.7340 52
59 26130 23191 00010 0.00%0 978 | M2t 2919 1366 315 1.3166 1.3 54
59 261.2 2436.2 00010 Q.0087 9126 | 114.703 3000 1344 4344 13227 1.7308 59
60 21295 24044 00010 0.0005 5668 | 110.255 0212 1322 4344 1.3209 17291 60
61 27007 2553.6 00010 0.0082 610 | 121901 3043 1300 4343 1.3352 11214 61
62 20108 26140 00010 0.0080 9550 ] 125.768 306.5 1211 4342 1.3415 1.7256 62
63 29199 26154 0001 0.0077 9409 129.746 3087 1253 431 13179 171238 63
61 9118 27380 0.0011 ¢.0075 842.7 133.884 o 1229 4339 13544 13219 64
65 30347 20018 0001 0.0072 9363 130.194 3113 1204 43317 1.3609 1.7 65
66 30085 2066.8 0.0011 0.0070 9298 | 142607 3156 1179 43315 1.3675 17173 66
67 3163.2 29329 0.00t1 0.0068 9232 1471.318 1990 152 4312 1.3143 1.1157 67
o 32288 3000.3 00041 0.0066 9163 152.282 3204 125 4329 13 11134 60
69 32954 3060.9 0.0011 0.0004 %09.3 157.416 J2s 109.7 4325 1.3100 11N 69
10 33629 i 000m 0.0061 9020 162.800 3253 1068 1321 1.3950 1.7086 106
n N3 1210 00011 0.0059 B94.5 160.458 1218 1038 1916 1.4022 1.7060 n
1z 35006 32826 0.0011 0.0057 006.1 1M4.415 3308 100.6 . 1.4095 1.7033 n
3 35108 3356.5 0.001 0.0055 878.6 100.703 331 914 4305 14169 1.7004 bx]
i) 36420 34318 0.0011 0.0053 8301 187,358 3359 g0 429.8 14246 16973 74
75 ndo 35086 0.omz 0.0051 8613 [ 194425 3307 %04 1292 14324 16041 5
6 3706.9 3506.9 0.0012 0.0050 B520 | 201958 s 16.7 4103 1.4404 1.6906 6
n 3860.6 3666.7 0.0012 0.0040 szl 210,021 346 628 214 14407 1.6069 n
0 39352 37481 0.0012 0.0046 8316 | 2186%8 78 186 4264 145713 1.6829 13
19 4010.5 3830 0.0012 0.0044 8203 | 228.0%6 3510 M2 4252 1.4663 16785 19
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V= ¥olume in mkg

TABLE2
Suva® 407C Superheated Vapor—Constant Pressure Tables

H = Enthalpy In kd/kg

S = Entropy In kJ/{kg) {K)

{Saturatlon Propertles In parentheses)

RBSOLUTE PRESSURE, kPa

108 200 e e
TEWP, {-15.20°C} [-65.00) [-58.80C) (-54.00T) TEMP.
‘< v L] 5 v it H v n s b) ] s <
19042 (366.5) 1.9467 {09944} (13n {1.9520} 06812 pn.g) (17929 N5 330.5) (1.88004

-10 19509 102 19641 - — — - — - - - v -
~65 19005 3136 1.9003 09956 34 Y9120 - — — — - - -65
-60 20400 o 19964 10201 el 19209 — - — - - -60
+ 55 20965 w04 20123 10445 3802 10448 06332 000 1.9052 - - - -5%
-5 21450 3030 2.0200 10602 817 19606 onol 815 19289 05300 1033 18926 +50
- 45 2.1935 3074 20435 10931 T2 19762 0 1265 18I0 19365 05401 3068 19003 -45
-40 22420 3909 20303 11136 7 19916 3428 305 1.9520 05554 3904 19241 -40
-15 2.7305 3945 20042 11420 3943 20069 07591 341 19613 05611 340 19391 -35
- 30 21309 1901 2089) 11663 390.0 20220 07753 3918 19024 0.5000 1976 19542 -30
~25 2,151 018 2104) 1.1907 4016 10110 RV 401 5 1934 05023 013 19692 -3
20 24158 4055 21 12350 405 4 20318 08000 1052 20122 0 6046 4050 19041 -20
-15 24042 4091 21338 12193 Ll R 2 0bh6 Q843 4090 2021 06168 4wae 19982 ~15
-10 25327 4131 2.1484 12016 4129 20012 0 8406 4128 20112 0.6291 4126 20136 -10
L -5 2.50M 4169 21629 12819 1168 20951 0.8568 4166 20562 06113 4165 20 -5
P 0 26295 42048 2mnm L2 4207 21100 08731 1205 20706 06515 4204 20425 0
P9 26779 4248 21915 13365 424 6 2143 08093 4245 2.0849 06638 4243 20568 5
L 10 2 162 4207 2056 13607 1286 2.1383 09056 484 2.0990 06790 4203 20710 10
15 2.1146 4927 2119] 1.3050 1126 21525 09218 425 21 06902 43213 20050 t5
20 20230 46p 22336 1.4093 436.7 2.1665 09300 4365 an 07024 64 109% 20
25 2814 409 22415 14335 4408 21603 09542 4406 21409 07146 4105 ANy 25
10 29197 4450 22612 14578 4149 21948 09705 4448 21547 0.7260 idd] 21267 0
15 29681 449.2 2219 1.4020 41491 22018 09867 449.0 21604 0730 4408 2 4 15
49 30164 4534 22005 1.5061 4533 22214 10029 4512 2.1840 02512 4531 2.1540 40
45 30640 4511 2300 1.5305 4516 22149 1010 4574 2.1955 0634 4513 21678 45
- 50 inn 4620 2154 1.5547 617 22403 10153 1618 22090 07155 1616 210190 50
53 31615 4663 2 ne 15130 4662 22616 1.0514 4661 22223 0en 4660 21943 55
60 3.2090 4107 TN 16032 4106 22149 1.0676 1705 22156 07993 4104 22014 60
65 12501 4151 23581 1 6214 4150 2.2081 10030 4149 2.2468 08120 448 22200 65
10 33064 4726 2.3682 16516 415 2.3012 1.1000 4194 22619 8242 4131 2211 0
5 13540 4841 233 16758 404 0 232 1.1162 4839 22149 0.8363 g8 22410 1%
B0 14031 4286 23942 17000 4285 21212 1.1123 408 4 2281 0.8485 4093 22599 80
85 17242 1911 2340 11405 4310 2.3008 08606 1329 22128 — — - 85
90 - - - - - — 11647 1316 23136 [13:Ppi] 19715 22857 20
;95 - - - - - - 1.1008 5023 23263 0 004% 5022 22064 5
1100 - - - - - - — — — ¢ 0N 5069 21 100

500 &00 To.0 e
TEMP. {-50.10C} {-16.70T) (413071C) (-at.20T} TEWP,
T v H s v il S v L 5 v H S <
(04230 13304 {14700} 0.3368) (285.24 (14627 (0.1059) (0819} (1.8564) p.2mn fala 3] {1.8511)

-50 0420 03 18705 - — -~ - - - - - - -50
-45 043 3866 1.8062 03591 W6 4 1.8681 - — — — - — -45
-40 04430 3902 19017 03630 mo 188136 03144 38948 1.0682 02M} 3096 18540 ~40
-35 04529 19148 1910 01163 3916 189% 01216 3934 18036 02005 M2 18703 -3
-6 04627 1974 19322 03845 3913 19142 01207 3971 1.898% 0 2968 1569 13055 -0
-3 04726 1011 1941 03920 4010 19233 01158 4008 19140 0 2931 4006 19006 -25
-20 04823 4049 1.9622 o400 404 7 19442 01429 4045 19289 0290 4044 19156 -0
-15 0.4923 4087 | R:1a0) 04093 400 5 19590 0 3500 4061 19437 0.3055 4002 19105 -13
-10 05022 4125 1.9916 04175 123 19131 035N 122 1.9504 031 4120 19452 -10
-5 05120 416.3 20062 04250 416.2 1.9082 03642 4160 18730 ¢.3100 1159 19598 -5
0 05218 4202 20206 04340 201 20027 Q3In2 1199 1.9875 03242 1198 1512 ]
5 0.536 242 2014% 04422 240 20110 0.3783 4239 20018 G304 42318 18006 5
19 05414 4202 2040 0.4504 4200 20312 0.3054 42re 20160 0.3366 4218 20020 10
15 05512 222 20632 04506 4321 20451 0394 LEIR:] 20302 03428 4418 o170 13
20 03610 43613 20112 4668 43161 20593 03995 4360 20442 03490 4339 20140 20
2% 05708 4404 20 04750 402 W0 0 406% 4401 20581 0.3551 4400 10449 25
0 0.5006 {445 21049 04031 4444 2081 04115 4441 20119 03613 H4i2 20500 0
15 05904 07 2.11806 [ERAK] 4196 11008 04205 44035 20856 03675 4104 20025 15
40 06002 4529 2122 04995 4528 21144 04276 4527 10993 03736 1526 20862 40
45 0.6099 4512 21458 0.5076 4511 2.1280 04346 4510 FARFL] 83790 456.9 20997 45
E] 06197 4615 21592 Q5158 4614 21U o416 4613 21263 03659 4612 FAREH 50
35 06294 4659 21126 05239 46538 21548 0.4406 4657 2.1397 03921 4656 2.1266 55
50 06397 4703 21059 05321 4102 21681 0 4556 4701 21530 0.3992 4100 11399 60
65 0.6490 AT 21M 05402 4146 21813 04626 45 21662 0.4043 444 ish 65
10 0.6507 4192 2212 0.5404 4191 2191 04636 4790 217193 04105 409 2.1663 10
IS 0.6664 4037 2.225] 0 5563 4816 22015 04766 4935 218U 04166 1834 211 %
oo 06762 400.2 22382 0 5646 168.1 22205 Q4025 408.0 2.2054 04221 4879 21923 80
85 06079 4928 2251 035128 4927 22134 0 4905 4926 2.2183 0.4208 4925 22051 83
90 06917 4975 2.2640 (.5809 4974 2162 04975 1111 2202 0.4350 4012 FE4L) 90
25 07014 s02.1 22167 0.589%0 3020 2259 05045 501.9 22438 0.44n 5018 27309 95
100 ann 506 0 2 1 05 5067 2017 05115 5066 2 2566 04472 506 6 2% 100
105 46051 5118 22041 05104 5114 22691 (4533 Nl 22562 -- -~ - 105
e - - - - - - 0.5254 5162 22618 045M $161 22600 19
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V = Volume In m%kg

Suva® 4OTC Superhe

H = Enthalpy in kJ/kg

TABLE 2 (continucd)
ated Vapor—Constant Pressure Tables

5 = Entropy In kJ/{kg} (K}

{Saturation Properties In parentheses)

ABSOLUTE PRESSURE, kPa

S0 1008 101.325 1100
-18. -36. -36.40 -30.10°C
TEWP. {38970 {-35.107T) {-36.407C) ( 1 TEMP.
h v R S v H 5 L " 5 v It s <
{02443 {001 {1.8465) fo.2214) (391.68) {10425 {02186} 39y (1.8420) {0 2025) 9) (1.0389)
-35 0.2406 131 1.0504 gan e 1842} 02200 1928 16464 — - - 1%
-30 0.2542 396.7 [ICRRE) o 166 18601 0 225% Ll ] 18647 0 2060 396 4 1.8534 -30
-25 02598 A00 5 1 8884 02132 4003 18782 02301 4003 18769 o1 400 1 1 8606 -25
-20 0.2654 404 2 19038 02382 4040 18932 0235 4040 L:ulk} 02160 4019 18816 -
-13 02710 400 0 191587 04N 4019 19001 02400 4078 13068 0 2206 017 18205 ~13
-10 02165 M9 19334 02483 any 190 02450 17 19115 02262 1ms 1910) -1¢
-5 62021 4157 1.9400 0.2513 4156 191715 0.2452 1158 19162 02208 4154 19219 -5
0 02876 1191 19625 0.2503 1195 19520 02549 4105 19507 02344 4194 19424 [
3 0291 4236 18709 42613 4215 19664 02578 415 19651 02109 4211 19360 5
10 02987 4216 1901 02603 4215 15007 Q2647 4215 1519 02435 4211 19 10
15 0.3042 an? - 2.0053 02111 415 19240 026971 A% 15935 0 2400 [AIN ] 19033 15
0 01007 435.1 2049) 02783 4356 20009 0216 4156 20016 02526 4355 15994 ol
25 01152 4399 20171 02832 411 20120 02195 4397 20213 025N 4196 20134 25
10 013207 o Toan 02982 4439 20367 02004 19 20754 02616 1431 10212 »
‘ 15 013262 482 20609 02932 448§ 20305 0283 4401 20492 0 2661 4400 20410 35
10 01317 152.5 20145 02001 4524 2060 02942 4523 2.0628 02106 522 2.0547 40
45 ¢33n 4568 20881 0301 4566 FA 02990 4566 20164 02152 4565 2.0601 45
50 03426 4611 21016 03080 1610 20M2 03012 4650 2.0620 02197 4609 20818 50
55 03481 4654 21150 03129 4651 21046 0 o008 4651 21013 0.2042 4652 10952 35
60 01536 4698 21283 LN 469} 21 ony 469.7 21166 0 2087 #0316 2.1005 )
i 65 0.35%0 4713 21413 03220 742 212 0.3185 142 21299 029 LILR ] 2118 bS
10 03645 4148 21547 oxRNn 4787 21443 0323 87 FALY 02976 4106 21349 10
15 0.3700 4833 21678 013326 4012 21514 01326) 4832 2.1561 03021 48311 21480 15
L] 03754 4870 2 1808 013 4878 21704 03311 1917 2.1691 03066 481} 1610 80
85 03009 924 2191 03425 4924 21834 0.31300 4921 21821 8311 4923 g 1140 85
90 0.3063 4971 2 2066 03474 431.0 21962 03428 910 21919 03155 496.9 1869 90
95 03918 501.8 2191 03523 $01.7 22000 02477 5012 2201 03200 5016 2.1996 95
100 03972 306 5 223N 0.3572 5064 221 03523 506 4 pALI0] 0.3245 50613 20 100
105 01026 E1 21447 0321 5111 22144 035N 5111 2.3 0329 510 22250 105
110 0 4001 5160 2513 013670 3159 110 013622 5159 21451 0130 5150 22316 no
15 {44135 58 22698 039 5207 22595 01630 507 22582 01319 3201 22501 15
120 - - — - - - — - - 03423 5255 1.2626 120
1200 1300 uap 1500
TEMR. (-1297) -nt) {2950 (-22.07) TEmp,
< v H S v H H v H b1 v n S <
(0.1856) (294} {13350 @173 (852 f1.0328) ®.1615) 1362 (1.8362) @Sy {381. {1.8278)
-0 0.189% 3962 1.8445 Q1740 160 18363 - - - - - e -30
-25 0.1933 1y 1859} 01118 118 18515 01648 3996 1.8439 015 3994 10368 =25
-20 0.1915 4017 10040 01013 4015 10666 01664 4034 10590 0.1568 4012 to51% -20
-15 02010 4015 18097 01058 4074 18016 [ A yF] 4012 1LaM0 01602 407 ¢ 1066% -15
-10 4.2060 4114 1.9045 01007 amz 19964 01757 181 18839 01637 4169 18818 -10
-5 02102 4153 19192 0.1936 4151 191114 01794 1150 1.507% 01601 11490 15965 -5
0 [ ralt] 4192 19131 01975 4131 19256 01830 a9 19181 01705 4188 19111 0
5 02106 4232 19481 0204 4230 19400 01866 229 19326 019 27 19246 5
10 02220 2712 19624 2053 271 19544 0.1%01 41269 19469 0t 4268 19199 10
15 02210 42 19766 0260 4313 19606 01939 4310 13611 0.1806 4308 19541 15
i 0 g2 n 4351 1.9%07 02130 435.2 1.9027 0.1975 4151 198752 01040 4349 19681 0
‘ 25 02353 4595 20047 02169 4391 18967 0.201 4192 1.9892 01074 LELR 19623 25
0 02395 1411 20106 02207 4415 20106 0 2H6 4134 2007 0.1%07 4433 19962 W
35 02436 LLER:] 20123 02246 4417 20244 0.2082 urs 20169 01941 4415 20100 5
40 0.2478 452.1 20460 02284 452.0 20 g.2118 4519 20307 019 4518 2023 10
15 42513 456.4 20516 02322 4563 20017 02154 4562 2.044] 0 2008 4561 203114 45
50 02560 4007 20TH 02361 4606 20652 02109 160 5 105 02041 604 20500 50
55 02602 4651 20066 02399 4650 20106 02225 1649 zone 02074 4640 20644 5%
60 02643 4625 20799 01437 4604 20120 0.2261 4692 20846 02187 4632 201 60
65 02684 410 21132 0.2475 4138 21052 02216 47318 20819 02141 4917 20910 2]
10 0.2126 4185 21263 02513 4784 FARLL] 023112 4181 FARAL] 02114 4182 21042 k]
15 02767 4610 213 0 2551 4829 2115 0 2367 4028 21242 0 2207 492) 21173 Th
80 02008 4016 2.1525. 02500 4875 21446 oQHm 4874 21n 02240 4073 2104 80
83 02049 4922 21634 02628 4921 21575 Q138 4920 21502 02213 919 2Hn 85
90 02090 1968 21183 0 2666 49617 214 02471 4366 2161 0 2306 496 5 2.1562 XN
95 02901 5015 21911 0.2704 5014 21812 02308 013 21759 02319 5012 21690 95
100 02972 506 2 22038 oziv 5061 21959 0 2544 506 0 21886 02312 5059 21618 100
105 03013 5110 2 165 02118 5109 22006 02519 s108 22013 02405 510} 219458 105
10 03054 5158 22291 02017 §15.1 22212 026114 5156 22119 02438 8153 2201 10
15 81095 5206 2014 0 2055 5205 22307 02649 5204 22204 oA 5203 22196 115
120 01136 5254 22540 0.2003 5254 2.2462 0.268% 8251 22189 02504 525.2 21 120
125 - - - - - - 0.2720 5302 22513 025 §30.1 2.2415 125
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TABLE 2 (continued)
Suva® 407C Superheated Vapor—Constant Pressure Tables

V = Volume In mkg H = Enthalpy in kJ&kg S = Entropy In kJ/{kg) (K} (Saturation Properties In parentheses)
|
| ABSOLUTE PRESSURE, kPa
160.0 17100 1808 190.0
| -26.50 -25.10°C] -3 80T -22 50°C]
TEMD. (-26 50T} ¢ } ( ) ¢ ) —
< v H 5 ¥ I s v [} 5 v " 5 <
o424 {391.1) {1.a255) [ REZH] (190 g | 0N {oe® | () Py {404 B) (1.9197)
=25 01434 132 18301 01346 1m0 18238 - —- — - - - -25
-20 01466 4030 18451 01376 4029 1839 01296 4027 18110 01225 4025 102H4 -20
~15 01490 406 9 1.8503 01407 4067 18540 0131325 406.5 18481 01252 106 4 Fa524 -15
-1 01531 4107 18152 03431 1106 1.0680 01354 4104 1.8630 0.1280 4102 185M -10
-5 0.1563 147 10693 01460 4145 18817 01383 4143 18778 01307 4142 18122 -8
a 0.1595 4186 1.9045 0 1450 4185 1.6903 01412 4131 189 01335 1181 18063 0
5 0.1627 226 19190 0.1528 4224 19128 0.1440 4221 19069 0.1362 4222 1.9013 5
14 0.1639 4266 19113 01558 4265 19 € 1469 4263 19213 01309 1262 19158 10
15 01690 4107 19418 01500 4106 19414 oun 4304 19356 0.1416 4103 19301 15
Fall 03722 340 19617 01610 447 1955 01526 4345 19498 01443 244 1.9442 20
5 0174 1190 19758 01648 4384 19696 01554 4387 19618 [EREH 4186 1938] 25
W 01785 411 19097 016/8 4430 1.8816 01582 4429 19778 01497 4428 19123 30
35 01 T4 200135 010 4112 19974 01610 LITA 19916 0.1523 410 19861 35
40 Q1840 4516 om oy 4515 20m 0.1630 4514 20054 0.1550 4513 19993 10
45 0.1800 4559 2030% 0.1167 455.8 2018 0.1666 4557 20190 0.1517 4556 20136 45
|
50 01951 4603 20444 0.171% 460 2 20384 0 16M 4601 20326 0.1603 4599 2021 50
5% 0.1942 4647 20579 0.1826 1646 20518 017122 4644 20461 01630 4643 20406 35
60 0194 4691 20n3 01855 4690 20652 01750 1689 20595 01656 1008 20M0 60
65 0 2005 4736 20046 0.183% 4134 2.0783% o118 4113 20728 01633 12 20614 €5
" 02036 4181 20978 01914 4719 20917 01806 4718 10860 01709 my 10806 0
T3 02067 4876 21109 01944 4825 21049 0.1834 4024 2090 0.1736 4023 20931 78
04 0.2098 812 21240 0.1913 4871 201 01862 1810 122 61762 4069 21068 80
05 02129 AN 8 21369 0.2002 917 21309 01889 4916 2182 01760 49135 FANL] 83
] ~Q2160 496 4 21438 02032 4961 21438 0.1911 4962 2130 0.1815 496 2 21327 a
95 o8 011 21627 02061 50140 21566 0.1945 5009 21509 a.1841 5000 2 1456 95
100 Q2212 50510 FEREL] 0.209%0 505.8 2.16H 0.1972 5057 21637 0.1067 5056 2.1503 100
105 02253 5106 21881 02119 5105 21801 02000 104 21764 0.1893 5101 217110 105
110 G2204 51534 22007 0.2148 3151 21941 02028 5152 21090 0.1920 s152 2.1037 19
15 02315 5202 2032 LAl 5202 & 3072 02055 5201 22016 0 1946 5200 21962 15
120 0.2346 5231 22257 62207 5250 2191 02083 8250 221 01972 5249 22087 10
123 0217 5300 2.2181 1lrealc] §30.0 2231 12110 5139 2276% 01999 5298 2am 125
m - - - - - - 02138 348 22180 Q2024 5M7 22335 130
‘ 039 nan 200 200
— (-1t {-2010T) (-19.00C) (-17.40°C) TEMP.,
T ‘ v 1 5 v i} S ¥ H H v 1 H <
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V = Volume Inmkg

Suva® 407C Superheated Vapor—Constant

H = Enthalpy In kJ/kg

TABLE 2 {continued)

5 = Entropy in kJ/(kg} (K)

Pressure Tables

(Saturation Properties In parentheses)
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V = Volume In m¥/kg

TABLE 2 {conlinucd)
Suva® 407C Superheated Vapor—Constant Pressure Tables

H = Enthalpy In kJ/kg

S a Entropy In kJ/{kg) (K)

(Saturatlon Propertles In parentheses)

ADBSOLUTE PRESSURE, kPa
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¥ = Volume inm¥kg

Suva® 407C Superheated Vapor—Constant

H = Enthalpy in kJ/kg

TABLE 2 (conlinued)

5 = Entropy in kJi{kg) (K)

Pressure Tables

{Saturation Properties in parentheses)

ABSOLUTE PRESSURE, kPa
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150 0075 5527 21851 00757 5528 | 25001 00122 5523 283 | ooeo0 552.1 21701 1%
155 0.0807 50 | 21913 | 0076l 5517 | 21923 0071 5515 21015 00699 551.3 21029 145
160 - - - - - - 001 5627 21996 | 00100 5625 2.1950 160
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¥ = Volume in m¥kg

TABLE 2 {continued)
Suva® 407C Superheated Vapor—Constant Pressure Tables

H = Enthalpy In k.J/kg

S = Entropy In kJ/(kg) (X)

{Soturation Properties in parentheses)

ABSOLUTE PRESSURE, kPa

1 5000 6301 5500 500
. ©40C) {0.607) {10.80) {12000 TEWP.
T v " s v " 5 v H 5 v H 5 t
ooy | mey | (amm | momg | @ | e | mowg g | o | mpowse | wen | o
R opdod | 4 | 1ame | oows 194 | 10a - —~ — - - ~ 10
15 00d14 | 4241 | vposr | 03 4231 | 17998 ooms | 423 viose | ooz | 4229 | 170m 15
L2 00426 | 4205 | 18196 | 0005 w201 | iaur ool | 4210 1800 | 0031 | 4273 | 180w 20
2 00433 {4328 | 18343 | 004U a4 | ess | oo | a3 196 | 0030 | 43T | 10203 2
L0 ooas | a2 | owmaoe | oo a6s | 1844 00405 | 4383 1005 | oosea | a1 [ veaso 2
35 053 | 4415 | Tesy3 | oo 4413 | 18506 0044 | 4109 1850 | opxo7 | 4106 | 18496 3
0 0046z | 461 | 18716 | ooM2 4151 | 18I omizy | 4454 18664 | 00406 | 4450 | 1eci0 0
5 ootz | 4505 | tawm | oo 4502 | 18T 00432 | 4499 18576 | 00416 | Adzs | 16783 45
50 oot | 4550 | 1sose | oveso a1 | 1901 oot | 4544 1067 | owa23 |oasa) | leem 50
55 ooie1 | 4506 | 1197 | ooum 03 | 19152 00450 | 4590 19107 | o432 | 4366 | 19064 5
60 00500 | 4oa1 | 19035 | 0047 4632 | 1990 oS0 | 46dS 106 | ook | 463z | 1920 0
65 00509 | 4607 | 19472 | ouder 4604 | T ooi6l | a2 1933 | ooas | 428 | 133 65
i 00510 | 4134 | 19e08 | 0049 a1l | 19563 o016 | 4n28 1920 | o007 | 4725 | roeam 10
75 o052t | 47a0 | vema | aos0s ary | 19099 oolet | 775 19655 | Qo5 | 4172 | 19613 75
0 0053 | az27 | teom | oosu 25 | 1900 o491 | 4222 1990 | 00473 | dot9 | 19M8 80
85 00516 | 4574 | 20010 | . 00522 a7z | 19066 00501 | 4369 1323 | ovanr | 4ss1 | 19082 05
90 00sss | 49z2 | 2012 | o005y 4920 | 2000 00510 | 4m) 20058 1 voamo | 4915 [ 2o0M %0
95 BOSGA | 4978 | 20271 | 00540 468 | 2029 eosts | 4965 20180 | oo | 463 | 20M6 95
100 0.0572 5018 2.0404 0.0548 016 2.0360 00526 $01.4 20n8 00506 501.1 20217 100
105 00581 | S067 | 2081 | 00557 5065 | 20409 00535 | 5062 200 | oosu [ osoeo | 2o01 105
i 00590 | 516 | 20662 | 00565 5114 { 20618 0053 | 5113 2057 | oos22 | st09 | 205% 110
1s 09509 [ s165 | 20/ | 005M §161 | 20M6 00551 | 561 204 | 00830 | 5159 | 2066 115
120 00608 | 825 | 20017 | 00563 3 | zoan 00558 | 211 20832 | D03 | 508 | 200 120
125 |~ 006K | S5 | 21040 | o5 5263 | 21000 00867 {5281 20958 | 00546 | 5259 | 20010 125
130 00625 | &8 | 21168 | nocoo 5313 | 2112 00576 { 5N 21004 | 00553 | 5w | 2104 130
135 006 | 5366 | 21203 | oecoe 5364 | 21230 oosed | 5362 ai0e [ ooesel | s 2116 135
40 00543 | s117 ] 2z | ooews S5 | 21 00se2 | M13 210m | oosee [ 5403 | 20 140
145 00652 | 6B | 21541 | 00625 466 | 21490 00600 | 8464 zusr | ooosm | s62 | 2un 145
150 oosco | 5519 | 21887 | ooen 518 | 2162 00608 | 5516 21560 | ooses | 5514 | 21840 130
155 ooc69 | 5571 | zmes | oooen 5520 | 21943 00616 | ss6a 21702 | o00s02 | 5566 | 21662 155
160 oosim | 624 | 21006 | 0.0650 5622 | 2188 o624 | 5620 21873 | o000 | sere | 217 150
165 - ~ - - - — 00632 | - 5613 Zwdt | ooeon [ 5611 | 21905 155
00 300 7504 3000
TEWP (. (4307 {15.40T) 1.5t Tewr
t v i 5 ] H s v n s v " $ <
powy | ;e | oo | momi | ang | oo | mos @2y | omem | pees | ooy | gney

15 007 | azzs | 1mse | omm | 1w - - - — - - 15
2 ooms6 | 428 | 1so0 | 003 4265 | 17966 ooua | 426 L | oees | a2 | 17801 0
25 00364 [ 4313 | 181 | o030 4309 | 10116 00177 | 4305 oM | omsz | 427 | 1719m ]
) 0073 | 4357 | 18307 | 00350 4354 | 1864 00M5 | 4350 1223 | ooze | 4uz [ 1014 )
35 oot | 4a02 | rmasa | 003 £98 | 181 0033 | 4395 18370 | o0de | 4m8 [ temm 35
) 00300 | 447 | 1837 | 0035 4444 | 1855 0031 | 4440 18515 | 00336 | 4433 [ 184d o
% 0038 | 492 | Tem0 | omm ag9 | 18699 003 | 4485 1068 | 0033 [ 4aT9 | vesm 15
50 coa0? | 4s38 | wess2 | oo 5341 16841 om3rr | 453 1e000 | oess1 | oas25 1 1w 50
55 0015 | 4583 | 19023 | 00399 4500 | toonz 005 | 4517 18943 § 0030 | 45m1 | veeer 55
£ ooa2d | 4620 1 o2 [ o4 626 | 19122 00362 | 4623 1o003 | 0035 | 46v? | 19008 &0
85 0043) | 4676 | VS0 | 00415 4613 | 19260 oo | 4570 1221 | o00m3 | as64 | 1ma &5
7 oo | 42 | 1mm | ooz az0 | 19397 ox08 | 472 1933 | 0030 | 4711 | 19185 10
75 aoM7 | 4783 | 19573 | oo 4767 | 1951 ooa1s | 4764 19495 | o037z | 4158 | 1wz 75
&0 oo4ss | 4007 | 19708 | 004 4814 | 19663 00423 | 4810 19631 oo | asos [ 19550 8
A 00453 | 4mea | 15e) | 004% 1962 | 19803 00430 | 4889 10765 | ooso1 | 4854 | 19002 85
A ooart | amz | 1o9m | ooam o | 1993 omm | 4907 19008 | 00400 | 4s02 | N9mz %
95 oodre | 060 | 20106 | 0.0461 4050 | 20068 oous | doss 2000 | ood1s [ sy b 19959 o5
100 oodor | so09 | 20097 | b04ed sor | 2019 oodsz | 5004 20062 | ooszz | asss | 20000 100
105 ooi4 | 5050 | 2037 | Dodis 5055 | 20329 0060 | 5053 2ozt | ooaw | soan | zoan 108
110 00502 | 5107 | 20497 | 004 s108 | 20459 OMET | 5102 2042z | 00436 | s098 | zoisd 110
11s cosio | 5156 | 20625 | ooam 5154 | 2050 on4M | 5152 20850 | 00443 | s5ME | 2040 115
120 00518 520.6 20753 00499 5204 20115 0.0481 5202 20678 0.0450 5130 2.04608 120
125 00525 | 256 | 20079 | 00506 s254 | 20042 ool | 5252 20005 | opasz | sum | 2o 125
120 00533 | 3307 | 21008 | 005H 5305 | 20968 oo | 5303 20002 | ool | S99 | 20002 120
135 oosao | $358 | 21131 | 00521 5356 | 21001 oosol | 5354 21057 | o070 | 530 | 2008 135
10 00540 | 5408 | 21255 | o052 507 | 21213 00810 | 5405 a8 | oo [ S0 [ 2113 140
t5 | 005s6 | S460 | 21399 | 00536 sasp | 2am2 00517 | 5487 21306 | oo | 553 | 2123 145
150 00563 | 5512 | 21502 | DO5A 5510 | 21465 oosM | 5508 amze | oo | ossos | 23360 150
155 00571 | 5564 | 23824 | 00550 5562 | 21507 00531 | 5561 21852 | o7 | 58T | 2483 155
160 0os1s | os617 | 21M6 | oosw 615 | 21709 00538 | 8613 21673 | 00sm | s6h0 | 21605 160
165 oosos | se69 | 2167 | nossh 5668 | 21830 00545 | 5608 21195 | oosio | see2 | 2mn 165
1 - - - - - - opssz | sne 21915 | 0ost? | EnE 1 29847 170
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i
\‘f= Volume In m¥%kg

TABLE 2 (continued)
Suva® 407C Superheated Vapor—Constant Pressure Tables

H = Enthalpy In kJ/kg S = Entropy In kJi(kg) (K) (Saturatlon Properties In parentheses)
ABSOLUTE PRESSURE, kPa
\ 0500 9000 500 10600
19.40°C] 21.40C 23.20°C 24.90°C)
| TEMP. { ! ¢ ! ¢ ) ¢ ) TEMP,
< v il 5 v H 5 v K - v H s <
{ea2en 219 [\RH ] 0.0266) [(HLR} fr1e 00252 {425.5) (1. 0.9238) (1267 {1.7606)
4 . . . - - .
‘ 20 00203 244 11163 - - - - - — — - - 0
25 00291 4209 11916 00272 4281 11901 0023 213 171068 00239 4264 1.76%% 5
30 00290 4335 18061 00219 4327 1.7993 00261 an9 1.7922 00246 4310 1.1953 30
35 0.0306 4100 18216 0.0206 4313 18141 00260 65 1.6071 00752 257 18006 1%
| 40 00313 426 1.8363 40203 419 18291 00215 1 18223 00259 4104 1.6156 A0
| 15 00320 4112 1.8508 06300 4465 18438 00282 4458 108310 0.0266 4451 1814 43
50 00328 4518 16652 00301 1511 1.8503 00109 4505 18516 00212 4490 16451 50
55 60135 456 4 18785 00314 4558 18226 00295 4551 1 8660 00278 454 5 108596 55
60 00342 461.1 18936 00320 460 5 18569 00302 4599 1.8802 00204 1592 18739 60
45 00349 4658 19036 0027 165.2 1.9008 00308 454 6 18341 00291 464 0 18001 ]
70 00355 4705 19215 0034 469.9 19148 0.0314 4694 1.9003 00297 468.8 19021 10
75 00162 4153 19352 00340 aniy 19285 00321 M1 19222 00303 4736 19161 15
80 00369 4801 15488 Q0347 s 19422 00121 4190 19159 40309 4104 19298 80
83 00116 464 9 1.9623 00153 4841 18558 0033) 4010 19495 00315 4033 19435 85
| 490 00303 489.7 19758 0.0360 4892 19692 0.033% 4807 1.9610 00321 488 2 19510 90
95 00309 {16 1,969 00368 4911 1.9826 00343 4936 19764 00326 4931 1.91205 1]
: 100 003156 4995 20023 00372 4090 19958 00151 1905 130M 00332 490.0 1.9030 100
105 00402 4 4 20134 003N 5019 20090 00357 5034 20029 00330 5030 19710 10%
110 00409 5093 20204 00185 508 % 20220 0.0163 500 4 2060 00344 5080 10102 m
15 00415 143 2041 00391 5139 2.0350 00369 5134 2.0290 0.0349 5130 20232 1%
120 00422 519.3 20542 00397 5189 20419 00375 5105 219 00355 5180 2.0361 120
125 00420 5244 2.0669 0.0403 5240 2060} 003581 5216 20547 00360 5231 20490 125
130 00435 5295 20796 00409 591 200 003! 5207 20674 00366 5282 20612 130
115 oo SUE 20022 00415 5342 2.0060 00392 5338 20001 00372 5334 20744 13%
[ 140 00448 5397 21040 40421 530.1 20504 00198 5390 209! 00317 5186 10010 o
| 145 00454 5449 21 0.0427 5445 210 0.0404 441 2.1051 0.0303 5139 20705 45
150 00460 5501 21296 00433 5497 24234 Q0410 5194 21176 00300 549 0 2120 150
155 0 0466 4553 2119 00419 5550 21357 GOodtS 554 6 21299 003 5543 21243 155
i 160 00473 S0 6 21541 00445 5601 2.1480 Qo421 5599 21422 00399 5595 21366 160
145 00419 565.9 21662 00451 5656 21002 QoA 5652 21544 0.0404 5649 21498 165
170 0.0405 571.2 21701 00457 5109 21723 00432 5106 21665 0.0410 5102 21610 170
175 — — — 00453 576 3 2 1843 00418 5759 21705 00415 5156 211390 115
i 11008 12000 1300.0 1000
©TEMP, {28307T) {31.107) {M.20%) {11.00T} TEMP,
‘ b v n 5 v n 5 v 1l S ¥ " s <
‘ {00216} {rn {1.7668) 00197 (12 (17637 [0.0181) (120.9) (1.7609) L0167 {430.8) (11582
| 30 00210 4294 10N — — - - — - - - —_ 30
15 00225 1141 1.1876 00202 324 1152 omaz 4307 171613 - - - 35
10 Q023 4358 1.8029 00208 4371 11908 0.0189 4156 1192 20110 1119 17600 10
| 45 0027 4436 18179 00213 421 1 8061 00143 405 11940 0016 4309 17839 45
| 50 00243 4404 18328 00219 4469 18212 6.0199 4454 [R:A14] 008l 439 1.7994 b
55 00249 4511 18475 00225 518 1 8160 00204 450.3 16252 00186 4169 18147 55
&0 00255 45189 16620 00230 4566 18501 odergicd 4552 18400 o010 4519 10298 60
65 00261 462.7 18763 0.0236 4615 1.8652 00215 4602 1.8547 00196 4588 18446 65
Hi 0.0266 461.6 18905 0.0241 466.3 18795 00220 1651 1.8691 6020 4630 18593 10
‘ 15 oo 4724 19045 0.0246 imnz2 10937 0.0225 4700 10034 - 00206 4608 18737 75
! a0 00278 4113 149104 0.0252 4161 19011 00210 4150 189716 00211 4119 1.8080 80
85 90201 4822 19321 00257 4811 18215 00234 4300 19116 00215 4108 19021 8%
9.0 00209 4811 19450 00262 4060 1935 00219 1850 19254 00220 4939 19161 %0
95 0.0294 4920 19593 Q0267 491.0 1.940% po2ad 490 19391 LRrrd ] 4009 1.9299 95
| 100 00299 197490 19721 00272 4960 19624 a0z49 4950 19527 00229 C 4940 19436 100
105 00105 5020 1.9060 06217 5040 19150 00251 5001 19662 00233 4091 1951 10%
ne 00310 501.0 19192 00282 506.1 1.9091 00250 5052 19793 00230 5042 19706 110
115 @015 $12.1 12 00207 5112 20022 0.026) 5101 1.9920 0.0242 5093 19019 ns
' 120 00320 511.2 20253 0.0292 5161 10153 006} 5154 20059 00246 5145 1991 120
125 00326 5221 20182 00256 s21d 20203 00272 5306 1019 00251 197 2002 125
110 20131 5274 2051 0.0301 5266 20412 0.0276 5257 20319 0.025% 5249 10232 130
135 00136 5126 20618 00306 5318 20519 G o200 5309 20449 00259 5301 20361 135
140 00301 5174 20764 o §310 20606 00285 5362 20575 00263 5354 20409 140
145 00346 3430 20090 00115 5422 20791 00290 414 20102 00267 5407 10617 143
150 00351 5482 21015 0.0320 547% 20918 00294 5467 20028 60271 5460 20T4) 1%
155 0.0356 5515 21139 00325 5528 21042 060298 5521 20952 00276 551.3 2.00060 155
160 00351 5588 21262 00329 5501 21166 0.0307 5574 2on 00200 556.7 2.099] 160
165 Q0366 404 2 21183 003 5635 213 00307 5628 21100 00204 5621 21 165
170 003N 569.5 21506 00139 5689 FALIL] 003N 560 2 21323 00200 515 21240 110
175 00176 5749 Falrd) 0.0343 5741 2150 B01S 5116 2044 00292 512¢ 21362 115
100 0.038% 5604 2118 00348 §719.7 21651 00120 5791 21565 00296 5104 21403 100
18% — - - 0.0352 505.2 21013 0.0124 5045 21686 00300 58319 21604 IiH]
190 - — — - — - - - - 0.0304 5074 291 190
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Suva® 407C Superheated Vapor—Constant Pressure

TABLE 2 (continued)

Tables

¥ = Volume in m3/kg H = Enthalpy in kJ/kg S = Entropy In kJ/{kg} (K) (Saturation PropertlesIn parentheses)
I
ABSOLUTE PRESSURE, kPa
. 15000 16000 1700.0 13000
i
—_— {39.60°C} ({200} (.00 {(16.60°C) TEMP.
T ) 1l 1 ¥ 1l 5 v " 5 v 1l H <
! (0.0158) {tn.g 1.1556) R @y [1.7530) B0134) w9 [1.7504) o1 [LhARS] (17418 B
L1} 00155 4320 1350 — — — - — - - - — 40
5 00161 4312 1132 a0y 4354 1.7628 00135 4335 1.752% - - — 45
!50 0.0166 4123 1,159 00152 4406 1.0 00140 4109 11691 00129 43190 1.1503 50
55 o0 413 10047 0.0157 4458 1.7949 00145 441 1.7053 00134 4424 11159 55
50 00116 4524 1.6200 00162 4509 16104 0015 4494 V8012 00132 LETN:] 1.7920 60
65 09100 4574 18150 Q016] 4560 18257 40154 4546 18167 09143 4521 18078 65
1o 00183 4628 18453 001N 4611 18401 0.015% 4598 18119 00147 4583 18211 0
15 00190 4675 10644 00173 4663 1.8555 00162 464 9 16464 00152 4636 18185 15
a0 00194 4126 18189 0.0180 AT1A 1.8101 Q0167 1101 18616 00156 4608 18534 0
05 00199 417 1891 00104 4765 1.0845 (U] 4753 18761 049160 A0 186081 05
plo 00203 402.7 1.9072 00160 4B1 6 18907 o0l 480.4 18905 001064 4193 1.8026 90
95 00207 4418 19211 00192 486.1 19127 0013 4856 18047 00168 4045 1.8969 95
10 00212 4929 19048 Q019 019 19266 00183 1908 19187 (X by} a7 19110 100
105 00216 4981 1.9406 00201 4911 19404 60187 4960 19325 00115 4950 19250 105
Lo 0.0220 5012 19621 00205 302.2 18540 00191 501.2 1.9462 00179 5002 1.9388 1o
K5 00224 5044 19755 . 00200 5014 19675 00195 506.5 19598 00192 5055 1.9525 115
120 0.0220 5116 1.9608 00212 5121 1.9808 00198 17 19713 60106 5109 1.9660 10
125 00232 5188 20019 0.021% 5179 19941 00202 5110 19066 00109 5161 19194 125
130 00216 5240 20150 0.0220 52).2 20012 00206 5221 15008 00193 5214 19927 130
115 0.0240 5293 2.0200 0.0224 5184 10202 00209 3216 FRUYL] 001% 5268 2.0058 135
40 00244 5346 2 400 00229 53318 2.0132 00213 5329 20259 00200 532.1 2.0189 140
1145 00248 539.9 20536 0.023 539.1 2.0480 00216 5183 26307 00203 5315 20318 45
150 00252 5452 20661 00235 S44.4 20587 000 5417 20515 00207 5428 20447 15
155 . 00256 5506 20109 00238 5498 20M4 00224 3491 20642 00210 5403 205T4 155
160 00260 5560 2094 00242 5552 20839 00221 5545 20768 60213 5539 20700 160
165 00264 5604 21038 00246 560.1 2.0964 G.0230 5509 20091 00217 5592 20026 1]
nw 0.0267 66,8 21161 00250 366.1 21008 0024 565.4 1o 0.0220 5647 20051 10
175 00 5723 21204 40253 116 2121 00237 5709 14 040223 sT02 21014 175
100 00215 5118 2 1406 00257 5111 21313 po241 Sied . 2.126) 00226 5758 1197 100
185 00219 5031 2152 00260 5826 2 1454 Goa44 5020 21185 00230 5813 21349 183
100 0.0202 308 8 FALYE) 00264 500 2 21515 00247 4816 21506 00233 5069 21440 130
1195 — — — 0.0267 5918 21694 0.0251 5911 2.1626 00216 5928 21561 195
‘200 = - - - = = — — = 0.0239 598.2 21681 200
1300.0 00 0 22000 24000
- 00 {s0.80T) (54700) {5040T) Tewe.
*c v " S v n s v ] H v ] 5 ‘c
[iL3hl:] {{aan (17452 po1y) [LELR] (1.7426) 0.0099) [434.4) {1111 10.0089) s [{RELE )
50 0.0119 4351 1.1495 — — — — — — - — — 50
55 0o 407 1.7665 46115 4388 1.1572 0.0092 447 1.1381 - - - 55
60 00129 446} 1.7831 00120 LLLE] 11742 001 4407 1.7563 £.0090 4366 1.7381 &0
65 00113 4515 17992 (L] 4493 1.7906 ¢.0108 465 11736 00095 420 1.7566 65
0 00137 456.9 1.814% 00128 4554 18066 60in 4522 1.7904 00099 “une 17142 i
15 00142 622 16303 00132 4608 1820 00y 4474 1 B0GE 00103 546 1192 15
- 80 00146 4615 18404 0.0136 4662 1.8376 00120 4634 1824 0107 604 18076 80
i85 00149 47128 10607 0.0140 LEAR 18527 G0 4699 18313 o010 4661 1.8236 85
| 90 00153 a1 18149 Q0144 4769 18675 00128 4143 18501 00114 ani 1.8392 90
95 o0 4834 1.8094 0.0u7 402.2 18821 00N 4798 1.5680 0.0117 ans3 1.8545 95
100 00161 4086 19036 [Tk 4875 1 6965 00134 48512 18827 o1 4929 1.8695 100
105 00164 4919 mmn 00155 N9 19106 0.0138 907 183N 00124 4004 18843 105
110 00160 4902 19116 00158 4982 19241 00141 4961 19114 a0121 4939 18908 110
15 001N 5045 1.9454 0161 5035 19385 0.0144 5015 19258 00130 4994 1913 115
120 0.0175 5098 19590 0.0165 5009 1.9522 00147 506.9 1.9394 00133 5049 19212 120
125 0010 515.2 19725 00160 5143 1.9658 00150 5124 18501 00136 5105 1941 125
130 0.0182 5209 19858 0011t 5196 19192 00154 5178 194067 00139 51690 19549 10
135 0.0105 4239 1.99%0 LY b 5230 1.9925 00157 213 19001 00142 5215 1.9685 135
140 0.0%60 5313 20022 00178 5304 2.0057 0.0160 5281 1.9935 00144 521.0 149620 140
145 0.0191 5367 20252 amm 5359 20588 00162 834.2 2.0067 00147 £128 1.9953 s
150 0.0195 5421 2.0381 00104 5413 20317 00165 5397 0197 0.0150 5381 20005 150
155 0.0190 5476 2.0500 001 5469 20446 090164 5452 20321 60153 5437 20016 155
160 00201 93¢ 20615 00190 4521 2057 000N 5508 20455 00155 5433 20345 160
165 00204 £50 5 20161 00193 5518 20100 o0 556.3 20583 40150 5549 2041 165
170 0.0201 564.0 2.0007 0.019%6 5633 2.08¢% ann 5619 20103 00161 5605 20601 110
175 0.0211 500.6 zon 0.0199 560.9 20050 00100 5515 20035 00163 566 1 20128 115
100 0.0214 1.1 211 0.0202 5144 2.30M 0.0182 5731 20959 00166 5718 20053 160
185 00217 5807 21257 0.0205 5800 21196 00183 58.1 21081 00158 £nA 200 10%
190 00220 5863 21376 0.0208 50317 FARIE] 00168 584.4 21106 00N 540 FA L] 190
195 0.0223 5919 2.1493 00211 5913 21440 00190 5901 21328 00173 5008 pAres] 195
00 00226 5916 2.1619 00214 5070 21560 0.0193 8958 2149 00116 594 6 21345 200
|‘ 205 —_ —_ - 0.0217 6027 21600 0.0196 601.5 21569 o 6001 2.M66 205
al) - - — e - - — — - 0.0181 606.1 2.1586 210
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Va Volume inm¥kg

TABLE 2 {continued)
Suva® 407C Superheated Vapor—Constant Pressure Tables

H = Enthalpy In kJ/kg

S = Entropy In kJi{kg) (K}

{Saturation Praperties In parentheses)

| ABSOLUTE PRESSURE, kPa
‘ 26000 08 10000 2008
‘ ) 65, 800 030°T
TEWP. WAL w0 foeo0e) {nxt) TEMP,
< v i 5 v H s v H 5 v 1l 5 B
ooy | @ma | orsn | powa | e | pren | @oess Wy | o | @oesn | @i | (1064 ]
65 0.000) 4306 1730 | Doon ms [ v - - - - - &5
I'70 £.0007 4450 | 13578 | 000N 4408 | 1409 00060 4360 11226 - - - 10
75 00091 4512 1758 | oo ars | 10 a0o72 411 1138 | 00064 ame | 1062 15
80 00095 | 472 | 1m0 | ooons 538 | 11, 00076 501 17632 | 000co 416 1 1406 80
85 00009 | 4631 18096 | 00089 ©00 | 1795 00049 4567 17016 | o002 4530 | 17612 85
20 00102 | 4590 1025 | omen2 4660 | 18I 0.0003 4610 17904 | ooors | 4597 17651 80
95 00i6 | 4TI 18414 | 00095 aze | 186 0.0087 4691 18359 | 00079 466.1 10033 95
100 00wy | 4s0d 18568 | 0000 4778 | veud oo | 4352 1oz | oconz | ar2a 18202 100
105 oonz | ane1 189 | o002 @re | 1859 00033 | 4811 18481 ooogs | 4ras | 18365 105
fl1o 0ons | 4917 18067 | ooto4 4304 | 18750 00035 4870 18636 | 0o0O00D AD46 18524 110
115 oond | 4913 | 1o012 | oooI®? 051 | 18008 00004 29 18707 | 00090 406 10679 115
120 00121 5029 156 | ooilo 5000 | 1.9044 00101 1991 LS T 465 | 1881 120
125 0012 sons | veer | oo 5065 | 19188 00104 5045 19002 | DODY5 502 4 18900 125
130 00126 514.1 19411 { 00115 3122 | 1910 o0ioe | 5102 19226 | 00090 5002 19126 120
135 P12 197 19514 | 00110 5178 | 19469 0000 5160 10160 | 00300 5141 19210 135
1140 o1z | d83 | 19m | oo a8 | 10807 00111 811 19507 | oo 5199 10411 o
145 001 508 | 1sms | omz 9z | 1310 0.0114 5214 19645 { oows | 5257 14551 us
- 150 00131 | 535 | 19919 | ootz sug | 1070 00116 5312 19701 00107 5115 | 19689 150
155 00139 542.1 2001 | ooz 5105 | 2001 00118 5189 reo16 | sona 513 | 18825 5
160 0012 sarr | zomz | oome 5462 | 20143 00121 S44E 20000 | ooz | 54033 19960 160
165 0.0144 5504 | 2011 | o0 5519 | 20014 0.012) 5504 20181 0.0t 5409 20093 165
170 00147 190 | 2050 | 00135 5506 | 20403 00125 5561 rom2 | oone 554.1 102 10
115 0ous 5647 | 20627 | oomm 5633 | 20532 0012? 5619 20441 o018 5605 | 20155 15
190 00152 si04 | zons | oowme 5691 | 20650 00129 561.7 20569 | oo120 5663 | 20484 160
105 00154 5161 | zoss | o012 543 | 2075 00132 5735 20606 | 00122 5721 20612 185
19 Q0157 sl [ 21003 [ oo 5506 | 20910 001 5793 20022 | omas §100 | ZoT38 150
195 0.0159 se |26 | oow? 569 | 21014 0036 585.1 10041 | 0012 a1 | 200064 195
hoo 00161 5913 | 21M8 | oou 521 | 2 00138 5909 230 0.0129 5097 20909 200
205 0.0164 591 | 21 | oot 5079 | 21219 00D 5168 210 0083 5956 | 212 205
210 00166 | o8 | z2mm | oo 018 | 21401 00142 602 6 716 | eom | eobs | 21238 719
115 00163 | 607 | 21610 | 00155 66 | 215 00144 £08 § 2u3r | oo | oeord | 21082 215
120 - - - - - - 0.0ME 6144 2187 | o016 | 6133 | 2177 20
l2s — - — - - - — - — | oum £192 21597 115
| 100.0 3000 M0 40000
TEMP. 11600} {15.20C) gL 1m0t} TEMP.
T v " S v H 5 v H 5 v H ) <
\ ©oost) | (7 | (6 | Mooy | uma | (16808 | msn o | o) | posw |z | (16606
75 00056 | 4329 | 17065 | 00035 073 | 16276 — — — - — - %
80 0.0661 s1s | 1730 | ooos a0 | 1 000G | 4292 1.6%01 - — — 80
A 00063 | &4dd 11523 | 00050 e | rnes 0.0052 435 1792 | o000 a4 15993 85
90 00068 | 4562 17120 | 00062 4523 | 11519 00056 | 4481 1Ml | enose | aaad 11210 %
! o072 | 4629 | 17905 | 00065 a8 | 116 0.0060 4559 17642 {00054 a5t 1,150 85
100 ooors | 4ess | 1m0 | ooote a664 | 150 00063 1611 11837 | 00058 #5961 1M 100
105 oo | 4158 1825 | 00071 130 | 18138 00066 4700 18021 00061 1569 1.1905 106
110 0001 821 1edid | 0000 ard | 18308 0.0069 4767 18196 | ©00063 | 4730 10007 10
s 0.0003 wiz | resiz | ooonn sy | roe 60t 012 18365 | 00066 400§ 18262 ns
120 ooodt | 4342 18128 | ooom ols | 1068 0.00M 295 1850 | 0.0069 4011 18429 120
125 0.0068 sooz | 1seos0 | ooom2 131 | 18182 00076 1958 18687 | 000N 4935 | ves92 125
130 0.001 5062 19029 | ooom so41 | 19 0.0079 5020 1.8841 00073 4999 18750 130
135 0.0003 5121 19135 | 00087 5102 | 19083 00041 506 | 16092 | 00026 506 1 15904 175
40 00095 £190 | 1a11% | 00033 5161 | 19228 00083 5142 19140 | 00078 5123 19054 1
145 0.0090 59 | 180 | o009 w21 | 19m 0.0083 5201 19286 |  0.0000 519.4 19202 s
150 00100 sz20 | 19000 | ooom 5280 | 19513 0.0087 5263 19429 | 00082 5245 | 19341 150
‘155 0.0102 5156 1979 | 00095 540 | 19652 00009 5323 19570 | 60004 506 | 19190 155
160 00104 5415 19073 | 00097 s199 | 19190 000H 5301 19100 | poods 5166 19610 160
165 00106 | 5413 | 20007 | 00090 5458 { 19925 00093 5042 18046 | 00009 5427 19169 165
0 0.0t09 5532 | 20mM0 | oo 517 | 2.008 00075 550.2 19001 00090 sz 19906 170
[175 pone | 5599 202 | omor | ssre | 20192 00097 556.2 200115 | 00om 5547 20010 175
'm0 oonz | ks | 20402 | 00105 5635 | 20023 0.0099 5621 2007 | 00033 5607 | 2011 180
185 00114 5708 2053 00107 569 4 2045) Qo0 5681 10118 ¢ 0095 566 1 20106 185
: 190 00116 | 5767 | 20658 | 0010 3154 | 20582 0010 5141 20508 | 00097 5121 20436 150
195 ooiio | se2s | 2ems | oo 5513 | 20K9 00104 5000 20036 | 00099 §207 | z0%65 195
200 00120 sea5 | zooo | oonns 5012 | 20035 00106 5060 2006 | oowo | sup | 20693 200
208 00122 sold | 21018 | oons 5937 | 20060 00108 592 0 20089 | o0z | swom | 20820 205
210 oo (o3 | 215 | 0617 a1 | 21004 ooio 5900 23011 | DOIOA ee | 2005 210
25 00126 | 6062 | 21200 | 0OID 6051 | 2100 oot 604 0 21132 oons | 6029 | 21069 215
220 ooizs | 122 | 2uoz | oor (i1 | 212 00113 6100 Zie0 | 007 oy | 2.H93 20
225 omde | sz | 21522 | oz 611 | 21450 o0Is | 6160 21m 00109 g150 | 2135 225
230 - - — - - - 001 6211 29810 | octie | 6210 | 21436 0
235 - - - - - - - - — | oomz | e 21556 235

ty of Jordan - Center of Thesis Deposit

ivers

All Rights Reserved - Library of Un



- Pressure (MPa)

1Isote@ Sisay L JO e - ueplor Jo AYIseAIUN JO Aleld!T - paARSSY SIYDIY ||V

100 150 200 250 300 350 400 450 500 550 600
Mo- [ 4 Ty T X & I Fy 3.7 1 10y W‘ -
5. H QA SifE
6. H DruPoat Fluorochemicals I,NO. ._
«H Suvas407C bl
3 H Pressure-Enthalpy Diagram
- {S] Unhs) ‘
mmmmﬁ__il_,,_..l.m !
: w _ Sh ol m __ |
_ .m __ m o __N -4
gl i . 2 \m\
0.8 ||m. rm.oo .n.w| Lol b 2 ~< 1
o.m \p.u-—l-mﬁl _[..ulv. 0 c.l-.\~ s \\“ . f f v \K r \ v } 443 r— ‘—\z - ._.I.m -4 m
_ 3|t e Vi A1 .uo_.ﬂvo_.n:no.ncnﬂ _\ i \ \\ \\ - lﬂ k y. /] c.omo_.\.\ = =
OA " ._I — ._ .W R [} .\l_s. —-\ il { \\\\m\__\ N\ 4 4 'y v\’ All—l -*‘h. D:»n_.-l I.___.l.ll“ L.
¢ ! ' . i L & F ] AT . K
os I T RAL 3 WL VI oA A A A e P VL (L
VL VA T AT A s A T LML L L
0. - ¥ - 1 T PO B - " =TS0 h
I pr v e Ay AN % ey M AN S D
_ 1 _ _pw.m _\O.‘ *02 .n.uc., \4. \& \m hq_..\/q " vy \ nn_.‘.lv._ﬂ\ﬂ\ ﬁ-‘ A .Ilh..o.wo ..VII 4
' Sl o ; s ¥ o A .\ y [ 4 i ¢ p
01 - VAW Sy anan ¥ == S INAIN W[ VAT ..wnm LA LAAP o_.;ral-ul-lA
0.08 HE i f R I A AN D10 AR 717 agiare T Faxs ﬂm.ot 7 08
- Lt .~ alt rampA _M ! M FAN / N ~ A= 4 1 - n\.ll ) 4 1 s_ﬂ_* y \D.wll
0.06 |2 w # I 7 __.5\ T _‘%!%ar ._, A=Y 1 A .wmzomwmfmmmumx 0.6
) rem Al ARTARTININIEY. R T LrM.Ln&.m%-mmm.mnm,hlnhm-- 0.4
0o TV T T R L AT ] A e s e i e M LT
0.03 3 IR Y - ur,T LA TR e b 2 SO e 54 A o0
. H + [ [T \.\ ® .15 T .
| _._L \_.\.&. \_\ .k _ \ :‘ \\1‘\ g \T 4 ‘\;.\.‘.‘.W%‘m J“h_v A L\
0.02 : - ! ' .l‘ +.lur. 7 —_L u-VW.. i \ 1! £ -‘ —r _..ﬁJ -: _u\ ||\I.\.‘ nﬁ..,or._l\ m 2 0 F.ll y 0.2
T L e e e A
gairlelzigigielz|oicleRlist Pl iols Blfole bl eS|« T AL I s
0.01 bR e e T N N B v 81 A N _S_\_ 2042l A o1
100 i 150 200 250 300 350 400 0 450 0 5000 850 _6BQDO

Pressure (bar)



:Qﬁjwemumqjgobh 8y slo 5 po slal dost

(YY) Ayt 38 o N (@£ V)

Alaed

39915 Wb 3 g

N

S 5 g0 Al

a b el i e Al

(YY) 2

.. - < . "o- il ol o 2
J_tﬁ;;l\éﬁ;j}l\iﬂbd\‘}p\)d\bbbwwpswjba._&;uer:J..L;\:xlu‘JL& j"(

e Ao el Bl 5l o folan SN oS Shakdlall £ 260 - 32 SaLtal b galall

. . L . st 2
.(CE-V)JU‘-{\.};'._:..-\.,\;pil:.,-‘__.“_o\p__-.:j\da.quz-_,c»“ﬁJU—\)\S‘L};J\uJ_m(W €

R T .. N i
L S S O s LAl o (1Y S ot o (0 V) s o o b

1.5\.:_)..45': 3 i._l)‘}:L‘ claall s iy ey ,Ja.il__.:_,i-\ ot

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1S00e@ S1Say L JO e - Ueplor JO AYSBAIUN JO Akeid!T - paARSSY SIYDIY ||V

{2)°1L

Chapler Six / Discussion, Conclusions, and Recommendations,

2.0%d

ey

27 pue 2204y 10} 8L SA 83ey mold ssel :(0zZ'9) ainbid

Zro

Ero

P70

SPe

oro

L0

690

(s/6y) ayey mol4 ssen

80



Chapter Six / Discussion., Conclusions, and Recommendations.

1Isote@ Sisay L JO e - ueplor Jo AYIseAIUN JO Aleld!T - paARSSY SIYDIY ||V

(:o)°L

ey

040vY

ZZY bue 920ty 10} 81 SA Juanng Jossaidwon :(1z'g)2inbi

Sve

Sse

Sec

e

gic

(v) 3uauing

1

8



7- Yeferences

- Air-Conditioning and Refrigeration Institute (AC&R) news (1998), England,

“Refrigerant propertics of CFC Alternatives™ 50-55.

—! Al- Shaafe’i  Maher,1997. An extended equation of state for thirty
refrigerants and its utilization to some refrigerant mixtures. Proc. of the
Sccond Jordanian International Conference for Mechanical Engineers. Amman,

|
Jordan. (1); 570-583.

- American Society of Heating Refrigeration and Air Conditioning Engineers
Jf\ssociation. (ASHRAE) Handbook Compact Disc (CD) (1999), Fundamentals
of HVAC Systems. Atlanta, U.S.A.

- Asa Wahlstrom and Lennart Vamling. 2000. Development of models for
prediction of solubility for HFC working fluids in pellnaeryhritol ester

compressor oils. International Journal of Refrigeration, 23 (8): 597- 608.

-'- Association of European Refrigeration Compressor Manufacturers

ﬁASERCOM), (1997) “Substitution of R22 in new Air-conditioning systems”

"ublished by: ASERCM, C/O Jochen A Winkler ,Motzstasse 91,1779 Berlin.

- Building Research Establishment (BRE), (1998) “ The Choice of

Refrigerants”. Published by: BRE, David Butler, London.

\ 82

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



- Du-pont Fluorochemicals, Suva refrigerants manufacturer productions

catalogue, 1998. U.S.A.

! German compressors manufacturing company (BITZER), 1998 catalogue,
‘iSubstitutes for R22”. Published by BITZER Kuhhmaschinenrbau Gmbh
Germany.

1 Genman compressors manufacturing company (BITZER), R(1999)
‘E‘Refrigerant report 5. Published by BITZER Kuhhmaschinenrbau Gmbh

Germany.

- Klas Berglof. 1999. Replacing R22 in existing air-conditioning and heat
\

ﬁump systems. AKA Nordic Refrigeration, Stockhohn, Sweden.

- Kramer D. E.. 1999. CFC to HFC conversion issues: why not mineral oil.
ASHRAIZ Journal, 41 (11): 55-61.

— Kruse, H. 1994. European Research Concerning CFC and HCFC
Substitution. International Journal of Refrigeration, 17 (3) : 149-155

. Morely J.R. Refrigerants of the future: a practical evaluation of R22 phase

out. Koude Luchtbehandel., 92 (12): 19-23.

- Richardson, R. and Buttervath, J (1995). The performance of traditional
and non-traditional Refrigerants in vapour compression refrigeration systems.
| .

International Journal of Refrigeration. 18(1): 58-62.

83

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Tominaga S. 1998. Current trend of refrigeration oil for alternative

refrigerants. Refrigeration, JP, 74 (862): 2-7
“

- Toshiba Air-Conditioning Company Catalogue, 1999, Surrey, England -

84

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



2R A A T Y |
N i . & e -

%

= R TR

i R T T e P O I A R A N S PO
i Z .’.
g e B R T g T L Y I g T R L T v B g R e e TN e T

;\PPENDIX (A): General performance data, condenser air

inlet temperatures.

APPENDIX_ (B): Mullier charts results for Te, Tc variation

|
tests, and R22 test.

APPENDIX (C): Refrigerant R407C, thermodynamic tables.

85

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



APPENDIX (A): General performance data, condenser

air inlet temperatures.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1Isote@ Sisay L JO e - ueplor Jo AYIseAIUN JO Aleld!T - paARSSY SIYDIY ||V

(/2= aJmeiadwa) 1a|ul Jie Jasuapuod) ejep souewlouad [eisuag (1Y) S|ge.L

..... of i /9L . 85k i Ge i G i GE 1 GE |
..... 6¢ €€l i vel i ye i G i GE i ¥E |
..... o¢ [ 6¢L . G i g i g€ i GE i G
Cog ;oL igSh i g | S i S€ : GE |
gee EUL i yoL i6e ioge i GE i GE |
89 i 18l i ¢/l i GE i 66 i ge i 6t |
AN mv.mﬁwr.mrm ¥e i GE . GE i GE
(v) D) (D) [s)) o) (%)) ()
dure “dwog el Gl Al tl ¢l L
€2V | O 986Gl 986l [98%GL 986Gl | voy :689L 1 LVl i @9l i /8 i T
TeEE Ve T el ogGl (o8l foeGl i v 1899k 6/ 1 9¢ch ! o i lT
Civ S5y 108Gl 986Gl | 986l $98'GL | ¥y 689V i YOl i §SL i € i JC
TIEY 8 T GE'SY o8l |98l i 98GL | Jev 689 vl L Gel i e [ g
yEv 189 (098Gl 198Gl |98°GL 198Gl i ¥EY 1689L | €Cl i ¥/l | L& i [T
VeV Te0 T og'sy T ogsl (oGl i 9esl | ¥EY (GGl i vel T o8l [ Je i Jg
pev L 89y :2/Gl i o8GL 986l i98G6L: YEY (689l 8Vl | 66 i LE i /2
(Jeq) (Jeq) (Jeq) (eq) (4eq) (1eq) (Jeq) (req) D) ) [#s)) [Ke)]
od cd ¥e £d Zd 1d 1duogang | ad oBieyeosia |ino soieiodesg | i oiessdens [no sesuspuoy | i sesuapuon




1S00e@ S1Say L JO e - Ueplor JO AYSBAIUN JO Akeid!T - paARSSY SIYDIY ||V

(ngz=]1 ‘aimesadwia} 12|l JIB JaSapUoD ) Blep souewiopad |essusg (2'Y) 8|qel

(98'GE [ ¥z ol 182G i G€ 1 9¢ i G¢ i St |

| 2o i €L gl i 9e i /€ i 98 i 9 |

Zoe T 6ZL i ZL i9e b e i 9 1 9¢ |

[ €9c i 68l i vl i Ge i 9 i SE | GE |

[ Z9g fogl [g/L i g i 9 ! SE | G€ |

| g¥e i 9cl gLl i ve G i SE | GE |

A AT I

96e : /vl i g€l i 6 i GE | G i GE

(W) Ke) #e), [Re)] o)} )] %))

due dwod gl Gl vl el ¢l Ll
Tiv : 2GP 1609 [ LIOL I vI'9L P LLOb i 8l 19891 i8LiLi Ol i [E i 8C
v 89 16991 18901 (8991 1890l | JZv 1689k i 61l | [L i 86 I 8T
JgY i 89% | ZOL [ g6l [ col ic9ol i ¥eYy :689): 6¢Cl | 6/ i 86 i 82
Uy 89% 1 29k i cOl i ToL gL i vey €Ll L€l i 98l I LB | 8C
Ty ey L SL el e oL vey i€e/h Lyl i €el i /e 8T
€6 | Jgw ;98Gh ;98GL 98°GL {986l i vy 1899L: ¢l ! 8Ll I L& | 8C
Y UyE TosGLiogsL . oL el iy i6g9Li 98 fvElL i JE 1 8T
v i ey :98GL: 9L :909L:98GL: ¥ IGG9Li €6 :E€VyL | L& i 8C
(Jeq) (Jeq) (Jeq) (Jeq) {1eq) (Jeq) (1eq) {(Jeq) D) [s)} (D) (D)
8d Gd 4 td Zd ld d uonsng  |'xd eBieyessiq [1no Joresodeng | wiiojesodeag |0 aesuRpuRl | W sSSUSPUCS




1Isote@ Sisay L JO e - ueplor Jo AYIseAIUN JO Aleld!T - paARSSY SIYDIY ||V

(Dez=1 ‘ainjeiadws) 19|ul Jie Josuapuod ) Bjep souewlopad [2ieud9 (g'y) s|1qel

[90¢ | @Gl 1 8yL i 9€ i 9F i 9of i 9E |
..... 8 [ c¢8l | yil i O i G i 88 i OF |
..... € VIV o9l i9e ioGE i L8 i 9B
AT AU I I - -
666 i 9cl i gl i Ge i 9¢ i 9€ : 9t |
VoE iielL ieel i 98 i /€ i 9E i SE |
E9E iyL i L€L L 9¢ i JE i 9€ i 9t
8'0e 1 GGL P9yl i 98 i 9¢ i 9 i 9€ |
Zoc Yol Vel e g i et Toe
2 ,2) (o)) (D) o)) (2) (D)
due ‘dwod oL cl 1 £l cl 1L
¥y 9v 1669ri ool T g9l [gol I8y PG/ VL Ol i 88 [ 6z
C9v [ E0S egiyieS il iee i VL i g9y i/e8l 8wl i 0c i Ov i 6C
Gy T8y (689l 1GGO)L GGl G991 | GGy icell i G€L i 88l | 6E | 6C
TZeY Ve T CI G €01 {689l [GLOl i ¢ov 1¢64b i 8L 1 Oc i 6E | 6T
g€ T Z¥ ioz9l i C9) icol ic9l i 98¢ i€0LL i VL i L1L P 8 i B2
TE6E T ¥Eh VEGI I VEOL (vEOL ivEOL L ¥ i €Cih i L8 i 6¢Ch i 8 | 6T
TEUv T 2o T peoL I vEOL 1 VEQL i YEOQL | yI'y i€g Ll 6 i 6€L i 8 i BZ
TV Sy Ve [ vEOL [ veoL i vESL  Jgy i€clh i 66 8yl 1 88 ! 6T
5 TEe Y TRe el TR el T vE Sl T Pe 9l Y iec /i i 801 i 86l {8 i 62
(Jeq) (eg) (1eq) (seq) (120} (aeq) (1eq) (Jeq) )] [s)) [Ke)) )
od 6d d td zd ld ud uogong | -ad efuryeosiq ino Jojesedeag | uiioleiodesl |ino sesudpuog | utiesupuod




Hsote@ SiIsey L JO BaD - Ueplor Jo AYiseAIuN JO AkeidIT - PaAIRSSY SIYDIY ||V

(n0e=1 ‘ainjesadwa) 19jul Jie Jasuspuod) elep souswlouad jeisuan) ($'y) 3|ge L

..... 8¢ iEepoL i cegl i Je i 9¢ i 8 | Lf |
e i ESL Vb ioJE i 9e toBE i JE ]
..... 8¢ [ §9b i TGL i le i 9 I 8 I lE |
8 | G/L i €9l | & i 9¢ : 8 i /¢
(v} (e )] L,2) o) (D) [Ke))
die duog 91 Gl j AR £l cl (3
By i 8V I yLiL 1TOLL | €G/L i8ELL Ovy P G8L i €L 118l i Oy i O0E
My 9Ly i€ELL 18S/L | 8GLL L LELL D by (8y8L Y 9Ll 99l i O i 0
Wy 9Ly tvyll i8Sl [ wy'lL f€€U) Ty fevel i €€l | vl | OF i 0E
BY'vy | BV vy AL i LLAL|8SAL by LL 29V (L98L: Lyl P Z6L ¢ OF | OF
(deq) (eq) (teq) (Jeq) (Jeq) (Jeq) (Jeq) (Jeq) () ;) () (D)
od Sd vd £d Zd Ld ad uopsng  |'ud ebieyeosiqg | ino Jojesodeag [ urscieiodeaz |ino Jesuspuos | il Jesuspucs




1Isote@ Sisay L JO e - ueplor Jo AYIseAIUN JO Aleld!T - paARSSY SIYDIY ||V

(D1e=1 ‘ainjesadwa) 19Ul Jie J13SUSpUod) Bjep aouewlioyad [eiauan (§Y) djgeL

[ G9e iceh i Q0L i /€ 1 98 i 8E i [E |
..... O¢ 0L i ee i ee i 9g 1ose i /]
..... 9¢ LUV i 66 i J¢ i 9 i 8t i LE |
..... 26 IR VL L ae e 1ee b Je ]
e 8¢l gL i [E i 98 : BE A
(v} (D) (D) (D) o) (.2) (D)
dwe “dwiog ol Gl vL el cl 11
v 1 vy iec/l i8S/l [€TLL i €L Vv i6Z8Li S8 izel | Oy ! LE
BTy VS RS €2 L L U eee 908k L UL Tyl Toov e
..... v U vev recil i8gib[eg i VAL iy i908bi 8 1Geh i Oy i 1€
ELY Uevy T eei) (89U [J€4V €L i yby tlgel i 6 L€ i O i Ve
L'y i 66 162/l i 8GAL €TV IEZTLL 22 1198L: LOL i 6FL i O i L€
(1eq) (Jeq) (eq) {1eq) (+eQ) (1eq) (seq) (1eq) D) %)) ()] (D)
od cd +d td Z2d id ‘Wl uogong  fad eBieyeosiq (ino Joresodeny | w) Jojesodes] |ino sesuspued | Ul IeSuspUOD




1Isote@ Sisay L JO e - ueplor Jo AYIseAIUN JO Aleld!T - paARSSY SIYDIY ||V

(Dee=1 ‘asmesadws) 19jul Jie JaSUSPUOD ) Biep aoueuioyad (eleuan (9'Y) 3|det

..... v i 8L i ZL i O ! BE i 2y i OF
..... Oy [ 6vL i velL | 66 | 6E I v I OF |
[ Gly b8l i ZL Oy i8S i Th | OF |
| 80y {geL fLeL i bk i Oy i &y Il ]
or w 0 i ¢6L i O | BE i P i OF
(v) D) [#s)) D) o) [#s)) D)
duwe duiog oL 51 vl €l Z1l bl
¥8¥v i cl's 196’8l L6l 1968, (€L8L 28y | Oz 69F i €lC I ¥r I €€
¥y ie8v ioe'gl i €6l 968l (190Gl i 8yy | 1G6L: 6€EL i 28l i Gy i €€
8% i VG 6.8l :968L i96%8) 198} i 8% | 0c i ¥OlL i 1l i Wy i €E
WS 1/l Toe'8l iol'6lL {968l i968L | 96V i Oc 8/ i cc i Er i €€
€0'G i 8E'S (968l 968l :96'8L 628l E0G i 0Z 6L : vZ i v¥ | €€
{1eq) (1eq) (+eq) (1eq) {1eq) (2eq) (eq) (Jeq) )] (D) D) )
od Cd vd ¢d 2d ld uduopeng | id ebieyeosig linc sogesodesg | vl sojerodeag hino Jesuspuony | vl sesuspuos




1Isote@ Sisay L JO e - ueplor Jo AYIseAIUN JO Aleld!T - paARSSY SIYDIY ||V

(Dpe=1 ‘ainjeiadlus] 1a|uUl Jie JOSUSPUOD) Bjep aouewIoped [eseuan (L'Y) ajgel

| L8E i wb kel i 6E 1 6 M i OF
..... L€ i yLL i 96 i 6 i 6E ! My i OF
..... 8 . 8EL i 8k i o€ . 6e M i.0%
VW, i ZL 9GO0y i oy i ev i b
(v) (,0) (%)) (0) () (O ()
duwe “dwod gl §1 A8 £l Zl LL
ey i v9y i €8l i g8l | 2ev iz6l i &l iyl i Sy i vE
JEBE (elY ichL) 908l 7. iH98LE O0L el fooy i vE
ANV AT cy 1€l ¢l bAL Sv i ¥E
6% i L'G {988l €6} | P9y 1696LE 9GL F 02 i Gy i PE
(1eq) (eq) (Jeq) (1eq) (1eq) (eq) (2 ) &) (o)
od cd vd td ad vogong | -Jd eBieyessiq jine Josesodeag | wJoiesodeny |no Jesuepuns | W JesUSpUDD




1so0e@ SS9yl Jo BIue) - ueplor Jo AlsiBAIUN JOo AkeiqiT - PaAISSaY SIYDIY |1V

(Dse=1 ‘aimeradws) 19Ul Jie JaSUSPUOD) BlEP aouewIouad [BJauURD) (8'Y) 9|g.e L

| £¢y 8 i lg ioey o2y 1 Sy i €V |
Sy i ST i ve i €y Ty i Sy 1 ey |
| vey 8¢ o le i€y Lo2v i ovy i e |
ey | 0 | 6¢ | e¥ v er Tew
(v) )] 0} [#s)) (D) (D) (D)
dwe ‘dwey o1 Gl (AR £l el Ll
SVS i ¥SS 1 596) i 110C:G9%6) :C96L i gTS | ThC i €SZ i Ve i v i SE
L96¥%  1eG 1986l ;20 : 07 :86lL: BES | /EVC i €CCc | 8C i lv i GE
_¥TS 1 8SS 1696L 1 0Z 996k ivvyelL | €0S 1890¢ i IS¢ T e ly i GE
PZ'G i ¢/S (yv6lL (€L0Z: €61 1G96BL ! PCS JELC: 82 ! v¥E i Ly | GE
(1eQ) (req) (eq) (Jeq) ({eq) (Jeq) {(Jeq) (eq@) Ks)) (D) [#s)] (D)
Sd Sd 4 ¢d Zd 1d ad uogang | ad eBieyessiq |ane sneiodeay | uloesodaag |inc Jasuepuon | wisesuepuon




1so0e@ SS9yl Jo BIue) - ueplor Jo AlsiBAIUN JOo AkeiqiT - PaAISSaY SIYDIY |1V

(H9g=] ‘siniesadws) Jajul Jie Jasuapuod ) ejep souewloyed [ei1auad (V) SlqEL

| L0V ;P ¥oL 8yl i ey iSey i Sy | th |
..... 6E 1 6Ll i 66 | ey i v i ¥r i &Y
| 16c i gel i cb i ey i ey i Sy i &%
(vey el i yaL ey ey 1Sy i€y |
€Zy t 1z i 0Z i vy i €y i G | €F
() (D) Ke)) [Ks)} )} [¥e)) D)
‘dwe ‘duiod a1 Sl ¥l ¢l FA R (MR
9y | 6 1zl0ziSe0zi 10c i O0c i 9y i Ve | lel i €L i 8y i 9F
YTV (€00 L g0 ¢ 0z ig96k €Iy 1890c i 18 T Zel i 8y i 9
Loy i e9y i 0 i2lOc : 0T | Go6) | VeV :680C: 66 1 EVh i 8y ! 9€
-..mp..m..m...m.m..m...m..wm”@m--mmm“@m..m,...N.“@.N....M....@m....m,-...@..w...m..mo...om.w...m..ﬁ...Lm,.-m..m.v....m....mw ..... |9
1’61 gES T 02 | ve0Z iE€L0Z:i OC : ZVG iJelei 8LV i eC i 8y i 9F
(Jeq) (Jeq) (se0) (Jeq) (1eq) (eq) (eq) (Jeq) ) (o)} [0eY) (o)
od Gd +d ed 2d ld ad uogong  |ud #B1eyeasiq [Ine sojesodeagz | waojesodeal |3no Jesuspuos | ulsesuspuoy




1S00 SS9y JO BIUs)D - Ueplor Jo AlsIBAIUN JO AkeiqiT - PaABSSY SIYDIY |1V

(0/e=1 ‘ainjeladuis) 19)ul JIB JSSUSPUOD ) BlEp aduewiopad |essuas) ((01°Y) 8jqeL

| 86 i ZyL i GCL i ey i €y i Sv i ¥v |
AR R 22 L A i
€0V { 86l : Z¥L i vp i E€F i 9F i ¥
(v) () (D) (D) ) o) (D)
dwe "dwoy Gl Gl (AR £l rAa Ll
LBV i v ie6L | v0c iszOC: 0C i yry iTlC | vOL : BVl i 6F : L€
¥ eG T0¢ | €l0c i Oc iG96L i 6cy ic80ci 68 iTEL i 8y i L€
vy @ 28V 826l 8902 :870C: Y02 89V i 1GLe i 6Ll i 69l i BF | LE
(Jeq) (eq) (Jeq) (1eq) (Jea) (Jeq) (Jeq) (4eq) (D) (,0) [%e)) )]
ad cd td td 2d 1d -id uopong  |ud sbueyessig [ine amesedesy | viopesoden] [ino Jasuspuos | Ul ISSUIPUDD




|
|
J‘\PPENDIX (B): Mullier charts results for Te, Tc

| .
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