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A SussTANCE Is AT 2 MpA Anp 17°C IN A RiGID T ANK. UsING ONLY THE CRITICAL PROPERTIES, CAN THE PHASE OF THIS
SUBSTANCE BE DETERMINED? THIS QUESTION TOUCHES UPON FUNDAMENTAL CONCEPTS IN THERMODYNAMICS AND PHASE
BEHAVIOR ANALYSIS, ESPECIALLY WHEN LIMITED TO THE CRITICAL PROPERTIES OF A SUBSTANCE. UNDERSTANDING WHETHER A
SUBSTANCE EXISTS AS A LIQUID, VAPOR, OR MIXTURE UNDER GIVEN CONDITIONS IS CRUCIAL FOR DESIGNING AND OPERATING
VARIOUS INDUSTRIAL PROCESSES, INCLUDING REFRIGERATION, POWER GENERATION, AND CHEMICAL MANUFACTURING. IN THIS
ARTICLE, WE WILL EXPLORE HOW CRITICAL PROPERTIES SERVE AS ESSENTIAL TOOLS FOR PHASE DETERMINATION, OUTLINE THE
THEORETICAL FOUNDATIONS, AND DEMONSTRATE PRACTICAL APPROACHES TO ASSESSING PHASE STATES IN A RIGID TANK AT
SPECIFIED PRESSURE AND TEMPERATURE CONDITIONS.

UNDERSTANDING CRITICAL PROPERTIES AND THEIR SIGNIFICANCE

WHAT ARE CRITICAL PROPERTIES?

CRITICAL PROPERTIES OF A SUBSTANCE INCLUDE ITS CRITICAL TEMPERATURE (T_C), CRITICAL PRESSURE (P_C), AND CRITICAL
VOLUME (\/_C>‘ THESE PARAMETERS DEFINE THE STATE AT WHICH THE LIQUID AND VAPOR PHASES BECOME INDISTINGUISHABLE,
FORMING THE SUPERCRITICAL FLUID REGIME. AT THE CRITICAL POINT, THE SUBSTANCE EXHIBITS UNIQUE THERMODYNAMIC
BEHAVIOR, WITH PROPERTIES SUCH AS DENSITY AND COMPRESSIBILITY REACHING SPECIFIC LIMITS.

IMPORTANCE OF CRITICAL PROPERTIES IN PHASE DETERMINATION

W/HEN ONLY THE CRITICAL PROPERTIES ARE AVAILABLE:

- THEY SERVE AS REFERENCE POINTS FOR UNDERSTANDING THE PHASE BEHAVIOR.

- THEY ENABLE ESTIMATION OF SATURATION CONDITIONS AND PHASE BOUNDARIES.

- THEY FACILITATE THE USE OF GENERALIZED CORRELATIONS AND EQUATIONS OF STATE TO DETERMINE PHASE PRESENCE.

HO\X/EVER, WITHOUT DETAILED PROPERTY DATA ACROSS THE ENTIRE PHASE DIAGRAM, THE CRITICAL PROPERTIES ALONE IMPOSE
LIMITATIONS ON PRECISE PHASE IDENTIFICATION. NONETHELESS, THEY PROVIDE VALUABLE INSIGHTS INTO THE POTENTIAL PHASES
AT GIVEN CONDITIONS.

ANALYZING THE GIVEN CONDITIONS IN CONTEXT

GIVEN PARAMETERS

- PReSSURE, P = 2 MPa
- TemperaTURE, T = 17°C (wWHicH 15 290 K)
- THE TANK IS RIGID, MEANING THE VOLUME IS CONSTANT AND DOES NOT CHANGE DURING THE PROCESS.

GENERAL APPROACH TO PHASE DETERMINATION

TO ANALYZE WHETHER THE SUBSTANCE IS LIQUID, VAPOR, OR MIXTURE AT THE SPECIFIED CONDITIONS:



1. CONVERT THE GIVEN TEMPERATURE TO KELVIN IF NECESSARY.

2. COMPARE THE GIVEN PRESSURE AND TEMPERATURE WITH THE CRITICAL PARAMETERS.

3. USE THE CRITICAL PROPERTIES TO ESTIMATE THE SATURATION PRESSURE AT THE GIVEN TEMPERATURE.

4. DETERMINE IF THE ACTUAL PRESSURE IS ABOVE, BELOW, OR EQUAL TO THE SATURATION PRESSURE TO INFER THE PHASE.

UsING CrITICAL PROPERTIES TO DETERMINE SATURATION CONDITIONS

ESTIMATING SATURATION PRESSURE AT 17°C

THE SATURATION PRESSURE (P_SAT) AT A SPECIFIC TEMPERATURE CAN OFTEN BE CORRELATED TO THE CRITICAL PROPERTIES
VIA EMPIRICAL EQUATIONS SUCH AS THE ANTOINE EQUATION OR THE W AGNER EQUATION. W/HEN CRITICAL DATA ARE
AVAILABLE, GENERALIZED RELATIONS LIKE THE CLAUSIUS-CLAPEYRON EQUATION OR REDUCED PROPERTY CORRELATIONS ARE
OFTEN EMPLOYED.

Rebucep TEMPERATURE (T_R):
\[

T r=\rRAc{THT ¢}

\]

Repucep Pressure (P_Rr):
\[

P r=\rrAac{PXP c}

\]

THE PHASE STATE IS GENERALLY INFERRED BY COMPARING THE ACTUAL PRESSURE TO THE SATURATION PRESSURE AT THE GIVEN
TEMPERATURE:

-IF\(P <P_{sAT}\), THE SUBSTANCE IS SUBCOOLED LIQUID.

-IF\(P>P_{sAT}\), THE SUBSTANCE IS SUPERHEATED VAPOR.

- IF\( P \ApprOX P_{SAT} \), THE SUBSTANCE IS AT OR NEAR SATURATION.

ExAMPLE CALCULATION (HYPOTHETICAL DATA)

SUPPOSE THE CRITICAL PROPERTIES OF THE SUBSTANCE ARE:
-\(T_c=374"\crc C= 0647 K\)
-\(P_c=4.6MPa\)

CALCULATING THE REDUCED TEMPERATURE:

\[

T r=\rrAc{290 KX 647 K} \apProx 0.448
\]

ASSUMING THE SATURATION PRESSURE AT 17°C (or 290 K) 1s APPROXIMATELY 0.2 MPA FOR WATER (EXAMPLE), WHICH IS
SIGNIFICANTLY LOWER THAN 2 MPA. SINCE THE ACTUAL PRESSURE (2 MPA) EXCEEDS THE SATURATION PRESSURE AT THIS
TEMPERATURE, THE SUBSTANCE IS LIKELY IN THE SUPERHEATED VAPOR OR POSSIBLY COMPRESSED LIQUID STATE.



LiMITATIONS ofF UsING CRrITICAL PROPERTIES ALONE

W/HILE CRITICAL PROPERTIES PROVIDE VALUABLE GUIDANCE, THEY ARE INSUFFICIENT FOR DEFINITIVE PHASE DETERMINATION
WITHOUT ADDITIONAL DATA!

- THEY DO NOT PROVIDE DETAILED PHASE BOUNDARIES AWAY FROM THE CRITICAL POINT.

- THEY CANNOT DIRECTLY INDICATE WHETHER THE SUBSTANCE IS SATURATED, SUPERHEATED, OR COMPRESSED WITHOUT
SATURATION DATA.

- THEY ARE LESS RELIABLE FOR SUBSTANCES WITH COMPLEX PHASE DIAGRAMS OR THOSE EXHIBITING ANOMALOUS BEHAVIOR.

THEREFORE, SUPPLEMENTARY INFORMATION SUCH AS SATURATION TEMPERATURE OR PRESSURE CURVES, EQUATIONS OF STATE,
OR EMPIRICAL CORRELATIONS IS OFTEN REQUIRED FOR PRECISE ANALYSIS.

PrACTICAL METHODS FOR PHASE IDENTIFICATION WITH LIMITED DATA

1. Use oF EQUATIONS ofF STATE (EOS)

EQUATIONS LIKE THE VAN DER W/ AALS, REDLICH-KWONG, SOAVE-REDLICH-KWONG, OrR PENG-RoBINSON EOS INCORPORATE
CRITICAL PROPERTIES AND PROVIDE ESTIMATES OF PHASE BEHAVIOR ACROSS THE ENTIRE PHASE DIAGRAM.

ExaMpLE: PENG-RoBINsON EOS

- INPUT CRITICAL PROPERTIES, TEMPERATURE, AND PRESSURE.

- CALCULATE COMPRESSIBILITY FACTORS AND PHASE STATES.

- DETERMINE WHETHER THE FLUID IS IN VAPOR, LIQUID, OR SUPERCRITICAL STATE.

2. ConsULTING GENERALIZED CORRELATIONS AND CHARTS

MANY SUBSTANCES HAVE GENERALIZED VAPOR PRESSURE EQUATIONS OR PHASE DIAGRAMS THAT, COMBINED WITH CRITICAL
DATA, ALLOW APPROXIMATE PHASE DETERMINATION.

3. Use oF ReEDUCED PROPERTY DIAGRAMS

PLOTTING THE REDUCED TEMPERATURE AND PRESSURE ON REDUCED PHASE DIAGRAMS CAN HELP VISUALIZE THE PHASE STATE
RELATIVE TO THE CRITICAL POINT.

Concrusion: CAN THE PHASE Be DeTERMINED UsING ONLY CRITICAL
PROPERTIES?

SHORT ANSWER:

USING ONLY THE CRITICAL PROPERTIES, IT IS NOT POSSIBLE TO DEFINITIVELY DETERMINE THE PHASE OF THE SUBSTANCE AT THE
GIVEN CONDITIONS OF 2 MPA AND 17°C. CRITICAL PROPERTIES PROVIDE THE ESSENTIAL REFERENCE POINTS FOR UNDERSTANDING
THE LIMITS OF PHASE BEHAVIOR BUT DO NOT OFFER COMPLETE INFORMATION ABOUT THE ACTUAL PHASE AT SPECIFIC
TEMPERATURES AND PRESSURES.

HOWEVER, WITH REASONABLE ASSUMPTIONS AND STANDARD CORRELATIONS:
- IF THE SATURATION PRESSURE AT 17°C IS LESS THAN 2 MPA, THE SUBSTANCE IS LIKELY IN A COMPRESSED OR SUPERCRITICAL



STATE.
- |F 1T EXCEEDS 2 MPA/ THE SUBSTANCE COULD BE A SUBCOOLED LIQUID, OR THE PHASE MAY BE UNCERTAIN WITHOUT
ADDITIONAL DATA.

IN PRACTICE:
ENGINEERS AND SCIENTISTS RELY ON A COMBINATION OF CRITICAL PROPERTIES, SATURATION DATA, EQUATIONS OF STATE, AND
PHASE DIAGRAMS TO ACCURATELY DETERMINE THE PHASE OF A SUBSTANCE UNDER SPECIFIED CONDITIONS.

FINAL REMARKS

ACCURATE PHASE DETERMINATION IS CRITICAL IN THERMODYNAMICS AND PROCESS ENGINEERING. W/HILE CRITICAL PROPERTIES ARE
FUNDAMENTAL AND SERVE AS KEY REFERENCE POINTS, THEY MUST BE COMPLEMENTED WITH OTHER DATA FOR PRECISE ANALYSIS.
FOR THE SCENARIO OF A SUBSTANCE AT 2 MPA aND 17°C IN A RIGID TANK, A COMPREHENSIVE ASSESSMENT WOULD INVOLVE
CALCULATING OR REFERENCING SATURATION PRESSURE AT THE GIVEN TEMPERATURE, POSSIBLY EMPLOYING EQUATIONS OF
STATE, TO DEFINITIVELY ESTABLISH THE PHASE. UNDERSTANDING THESE PRINCIPLES ENSURES SAFER, MORE EFFICIENT PROCESS
DESIGN AND OPERATION ACROSS INDUSTRIES DEALING WITH FLUID SYSTEMS.

FREQUENTLY ASkeD QUESTIONS

CAN THE PHASE OF A SUBSTANCE AT 2 MPA AND 17°C IN A RIGID TANK BE DETERMINED
USING ONLY ITS CRITICAL PROPERTIES?

YES, BY COMPARING THE PRESSURE AND TEMPERATURE TO THE CRITICAL PROPERTIES, YOU CAN INFER WHETHER THE SUBSTANCE
IS SUBCRITICAL OR SUPERCRITICAL, THUS DETERMINING ITS PHASE.

\WHAT IS THE SIGNIFICANCE OF THE CRITICAL PROPERTIES IN IDENTIFYING THE PHASE OF A
SUBSTANCE IN A RIGID TANK?

CRITICAL PROPERTIES (CRITICAL TEMPERATURE AND PRESSURE) DEFINE THE POINT BEYOND WHICH THE DISTINCTION BETWEEN
LIQUID AND VAPOR PHASES DISAPPEARS, HELPING TO DETERMINE WHETHER THE SUBSTANCE IS IN A COMPRESSED LIQUID,
SUPERCRITICAL, OR VAPOR STATE.

IS IT POSSIBLE TO DETERMINE IF THE SUBSTANCE IS IN A SUPERCRITICAL STATE AT 2
MPA AND 17°C USING ONLY CRITICAL PROPERTIES?

YES/ IF BOTH THE PRESSURE AND TEMPERATURE ARE ABOVE THE CRITICAL VALUES, THE SUBSTANCE IS SUPERCRITICAL,
OTHERWISE, IT IS SUBCRITICAL, AND THE PHASE CAN BE INFERRED ACCORDINGLY.

GIVEN THAT THE CRITICAL TEMPERATURE AND PRESSURE ARE KNOWN , HOW DO THESE
VALUES HELP IN IDENTIFYING THE PHASE AT THE GIVEN CONDITIONS?

BY COMPARING THE CURRENT PRESSURE AND TEMPERATURE TO THE CRITICAL VALUES, YOU CAN DETERMINE IF THE CONDITIONS
ARE BELOW, AT, OR ABOVE THE CRITICAL POINT, INDICATING WHETHER THE SUBSTANCE IS SUBCRITICAL, SUPERCRITICAL, OR IN A
MIXTURE.

\WHAT LIMITATIONS EXIST WHEN ONLY USING CRITICAL PROPERTIES TO DETERMINE THE



PHASE OF A SUBSTANCE IN THIS SCENARIO?

USING ONLY CRITICAL PROPERTIES DOES NOT ACCOUNT FOR SPECIFIC SUBSTANCE BEHAVIOR AT GIVEN CONDITIONS, SUCH AS
THE ACTUAL PHASE BOUNDARIES OR THE PRESENCE OF SUPERHEATED OR COMPRESSED LIQUID STATES, LEADING TO POTENTIAL
AMBIGUITIES.

IF THE CRITICAL TEMPERATURE OF THE SUBSTANCE IS HIGHER THAN 17°C, CAN THE
SUBSTANCE BE IN A SUPERCRITICAL STATE AT 2 MPA?

NO, BECAUSE AT 17°C (BELO\X/ THE CRITICAL TEMPERATURE), EVEN IF THE PRESSURE IS ABOVE CRITICAL PRESSURE, THE
SUBSTANCE CANNOT BE SUPERCRITICAL, IT WOULD BE IN A SUBCRITICAL STATE.

How DOES THE RIGID TANK ASSUMPTION INFLUENCE THE PHASE DETERMINATION AT
THESE CONDITIONS?

SINCE THE TANK IS RIGID, THE VOLUME REMAINS CONSTANT, SO THE PHASE DEPENDS SOLELY ON PRESSURE AND TEMPERATURE
RELATIVE TO CRITICAL PROPERTIES, SIMPLIFYING THE ANALYSIS TO A THERMODYNAMIC STATE ASSESSMENT.

CAN THE PHASE BE DEFINITIVELY DETERMINED WITHOUT ADDITIONAL PROPERTY DATA ’
SUCH AS SPECIFIC VOLUME OR QUALITY?

NO, WITHOUT ADDITIONAL DATA LIKE SPECIFIC VOLUME OR QUALITY, THE PHASE CANNOT BE DEFINITIVELY IDENTIFIED SOLELY
BASED ON CRITICAL PROPERTIES AND THE GIVEN P-T CONDITIONS.

ADDITIONAL RESOURCES

A SussTANCE Is AT 2 MPA AND 17°C IN A RiGID TANk. UsiNg ONLY THE CRITICAL PROPERTIES, CAN THE PHASE OF THE
SUBSTANCE BE DETERMINED? THIS QUESTION TOUCHES ON FUNDAMENTAL PRINCIPLES IN THERMODYNAMICS AND FLUID PHASE
BEHAVIOR, ESPECIALLY WHEN WORKING WITH LIMITED DATA. UNDERSTANDING WHETHER A SUBSTANCE EXISTS AS A LIQUID,
VAPOR, OR IN A TWO-PHASE STATE UNDER GIVEN CONDITIONS IS CRUCIAL FOR APPLICATIONS RANGING FROM CHEMICAL
PROCESSING AND STORAGE TO SAFETY ASSESSMENT AND SYSTEM DESIGN. BY LEVERAGING THE CRITICAL PROPERTIES OF THE
SUBSTANCE—CRITICAL PRESSURE, CRITICAL TEMPERATURE, AND CRITICAL VOLUME—ENGINEERS AND SCIENTISTS CAN INFER
PHASE INFORMATION EVEN WITHOUT DETAILED PROPERTY TABLES OR EQUATIONS OF STATE.

IN THIS ARTICLE, WE WILL EXPLORE THE METHODOLOGY TO ANALYZE THE PHASE OF A SUBSTANCE CONFINED IN A RIGID TANK AT
SPECIFIED PRESSURE AND TEMPERATURE, USING ONLY ITS CRITICAL PROPERTIES. W/E WILL BEGIN BY REVIEWING CRITICAL
PROPERTIES AND THEIR SIGNIFICANCE, THEN DISCUSS THE IMPLICATIONS OF A RIGID TANK CONSTRAINT, FOLLOWED BY AN
ANALYTICAL FRAMEWORK TO PREDICT PHASE BEHAVIOR. FINALLY, WE WILL CONSIDER PRACTICAL EXAMPLES AND LIMITATIONS
OF THIS APPROACH.

UNDERSTANDING CRITICAL PROPERTIES AND THEIR ROLE IN PHASE
DETERMINATION

THE CRITICAL PROPERTIES OF A SUBSTANCE—CRITICAL TEMPERATURE (TC), CRITICAL PRESSURE (PC), AND CRITICAL VOLUME
(\/C)_ARE INTRINSIC PHYSICAL CONSTANTS THAT DEFINE THE UNIQUE POINT ON A PHASE DIAGRAM WHERE THE DISTINCTION
BETWEEN LIQUID AND VAPOR PHASES CEASES TO EXIST. AT THIS CRITICAL POINT, THE SUBSTANCE EXHIBITS PROPERTIES OF
BOTH PHASES IN A SUPERCRITICAL FLUID STATE.



DerINITION AND SIGNIFICANCE OF CRITICAL PROPERTIES

- CRITICAL TEMPERATURE (TC)I THE HIGHEST TEMPERATURE AT WHICH A SUBSTANCE CAN EXIST AS A LIQUID, REGARDLESS OF
PRESSURE. ABOVE TC, NO AMOUNT OF PRESSURE CAN LIQUEFY THE GAS.

- CRITICAL PRESSURE (PC)Z THE PRESSURE REQUIRED TO LIQUEFY A SUBSTANCE AT ITS CRITICAL TEMPERATURE.

- CRITICAL VOLUME (VC)I THE VOLUME OCCUPIED BY ONE MOLE OF A SUBSTANCE AT THE CRITICAL TEMPERATURE AND
PRESSURE.

THESE PROPERTIES ARE FUNDAMENTAL BECAUSE THEY NORMALIZE THE BEHAVIOR OF FLUIDS AND ENABLE THE USE OF GENERALIZED
CORRELATIONS SUCH AS THE PRINCIPLE OF CORRESPONDING STATES, WHICH ASSUMES SUBSTANCES AT THE SAME REDUCED
TEMPERATURE AND PRESSURE EXHIBIT SIMILAR BEHAVIOR.

UsINnG CrITICAL PROPERTIES TO INFER PHASE

W/ ITHOUT DETAILED PROPERTY CHARTS OR EQUATIONS OF STATE, THE CRITICAL PROPERTIES SERVE AS BENCHMARKS:

- IF THE TEMPERATURE (T) IS BELOW TC, THE SUBSTANCE CAN EXIST IN LIQUID OR VAPOR FORM DEPENDING ON PRESSURE.
- |F THEe PReESSURE (P) Is BELOW Pc AT T < TC, THE SUBSTANCE TENDS TO BE VAPOR.

-IFP>Pc AT T < TC, THE SUBSTANCE TENDS TO BE LIQUID.

- AT T > Tc, THE SUBSTANCE IS SUPERCRITICAL AND EXISTS AS A SINGLE PHASE.

USING REDUCED TEMPERATURE AND PRESSURE:

\[
T r=\RAC{THT_c} \qQuap,\quab P_r = \rrac{P}{P_c}
\]

wHERE \(T_r\) AnD \(P_R\) ARE THE REDUCED TEMPERATURE AND PRESSURE, RESPECTIVELY.
GENERALLY:
-\(T_r< 1\) anD \(P_R < 1\): VAPOR OR TWO-PHASE REGION DEPENDING ON SPECIFIC VOLUME OR QUALITY.

-\(T_r< T\) anD \(P_r > 1\): LIQUID OR COMPRESSED LIQUID.
-\(T_r> 1\): SUPERCRITICAL FLUID.

THe RiGID TANK CoONSTRAINT: WHAT |IT MEANS FOR PHASE BEHAVIOR

A RIGID TANK IMPLIES CONSTANT VOLUME. UNLIKE SYSTEMS WHERE VOLUME CAN ADJUST (E.G., PISTONS)/ THE VOLUME OF THE
TANK IS FIXED, AND THE SUBSTANCE'S STATE MUST CONFORM TO THAT VOLUME AT GIVEN TEMPERATURE AND PRESSURE.

IMPACT oF FixeD VOLUME oN PHASE EQUILIBRIUM

IN AN ISOCHORIC PROCESS (CONSTANT VOLUME), CHANGES IN TEMPERATURE AND PRESSURE AFFECT THE PHASE DISTRIBUTION
DIFFERENTLY THAN IN ISOBARIC OR ISOTHERMAL CONDITIONS. FOR A GIVEN MASS OF SUBSTANCE:

- |F THE VOLUME IS LESS THAN THE CRITICAL VOLUME AND TEMPERATURE IS BELOW TC, THE SUBSTANCE IS LIKELY COMPRESSED
LIQUID.

- |F VOLUME EXCEEDS CRITICAL VOLUME AND TEMPERATURE IS BELOW TC, VAPOR OR TWO-PHASE MIXTURE IS POSSIBLE.

- |F TEMPERATURE EXCEEDS TC, THE SUBSTANCE IS SUPERCRITICAL, EXISTING AS A HOMOGENEOUS PHASE REGARDLESS OF
VOLUME.



PHASE DETERMINATION REQUIRES SPECIFIC V OLUME

W/HILE PRESSURE AND TEMPERATURE ARE GIVEN, THE SPECIFIC VOLUME (VOLUME PER UNIT MASS) IS CRUCIAL FOR PHASE
DETERMINATION. SINCE THE TANK IS RIGID, THE TOTAL VOLUME IS CONSTANT, AND GIVEN THE MASS, THE SPECIFIC VOLUME IS
FIXED.

IF MASS IS UNKNOWN, PHASE DETERMINATION IS CHALLENGING—THIS IS A KEY CAVEAT WHEN USING ONLY CRITICAL PROPERTIES
AND GIVEN P, T IN A RIGID TANK.

ANALYTICAL APPROACH TO PREDICT PHASE UsING ONLY CRITICAL
PROPERTIES

GIVEN ONLY PRESSURE, TEMPERATURE, AND CRITICAL PROPERTIES, WHAT STEPS CAN BE TAKEN TO INFER PHASE?

ST1ep 1: CALCULATE ReEDUCED TEMPERATURE AND PRESSURE

CALCULATE:

\[

T_r=\RAC{THT_c} \@Quap,\Quab P_r = \rrRac{P}{P_c}
\]

Compare \(T_R\) anD \(P_R\) TO UNITY TO CLASSIFY THE GENERAL PHASE REGION.

STeEP 2: Use CORRESPONDING STATES OR GENERALIZED DIAGRAMS

THE PRINCIPLE OF CORRESPONDING STATES AND GENERALIZED COMPRESSIBILITY CHARTS CAN BE USED TO ESTIMATE THE
COMPRESSIBILITY FACTOR \(Z\):

\[
7 =\rrac{P V_M}R T3
\]

wHere \(V_M\) 1s MoLAR voLUME, \(R\) IS UNIVERSAL GAS CONSTANT.

From \(Z\), ESTIMATE MOLAR OR SPECIFIC VOLUME. IF \(Z\) INDICATES VOLUMES CLOSE TO SATURATED LIQUID OR VAPOR
VOLUMES (RELATIVE TO CRITICAL VOLUME), PHASE CAN BE INFERRED.

STeP 3: CoMPARE SPECIFIC VOLUME TO SATURATED LIQUID AND VAPOR VOLUMES

AT\(T < T_c\), Look UP OR ESTIMATE THE SATURATED LIQUID AND VAPOR VOLUMES (THESE ARE GENERALLY KNOWN
FRACTIONS oF \(V_c\)).

- |F SPECIFIC VOLUME < SATURATED LIQUID VOLUME, LIQUID PHASE PREDOMINATES.
- |F SPECIFIC VOLUME > SATURATED VAPOR VOLUME, VAPOR PHASE PREDOMINATES.

- |F SPECIFIC VOLUME LIES BETWEEN, MIXTURE (T\X/O‘PHASE) EXISTS.

IN THE ABSENCE OF EXACT VALUES, APPROXIMATE RELATIONSHIPS OR CORRELATIONS CAN BE USED.



STeP 4: ConsIDER THE EFFECT OF RIGID VOLUME

BECAUSE THE VOLUME IS FIXED, IF THE GIVEN \(P\) AND \(T\) CORRESPOND TO A POINT IN THE TWO-PHASE DOME FOR THE
SUBSTANCE, THE SUBSTANCE WILL SEPARATE INTO LIQUID AND VAPOR PHASES UNTIL EQUILIBRIUM IS REACHED.

PrRACTICAL ExXAMPLE: HYPOTHETICAL SUBSTANCE IN A RIGID TANK AT 2
MPA aND 17°C

LET’S ASSUME A SUBSTANCE WITH THE FOLLOWING CRITICAL PROPERTIES:
-\(T_c=31°C=304K\)

-\(P_c=4MPa\)

-\(V_c=0.2\,M"3/kmoL\)

GIVEN CONDITIONS:

-\(P=2MPal)
-\(T =17°C=290K\)

STeP 1: CALCULATE REDUCED PROPERTIES

\[

T r=\rrAc{290}{ 304} \arprox 0.95
\]

\[

P r=\rrac{2}H4}=0.5

\]

Since \(T_r < 1\) AND \(P_rR < 1\), THE SYSTEM IS LIKELY IN VAPOR OR TWO-PHASE REGION.

STEP 2: ANALYZE PHASE POSSIBILITIES

AT \(T_r=0.95\), THe saTurATION PRESSURE \(P_{sAT}\) is cLosE BUT LEss THAN \(P_c\). Since \(P = 0.5 P_c\)
IS BELOW CRITICAL PRESSURE, THE SUBSTANCE COULD BE VAPOR OR TWO-PHASE.

IF THE TANK VOLUME IS SUFFICIENTLY LARGE (RELATIVE TO THE MASS), THE SUBSTANCE MAY BE VAPOR. IF VOLUME IS SMALLER,
LIQUID OR MIXTURE IS POSSIBLE.

STeP 3: ConsIDER VOLUME AND MASS

\W/ITHOUT MASS OR VOLUME DATA, PRECISE PHASE DETERMINATION IS NOT POSSIBLE. HOWEVER, GIVEN \(P\) anp \(T\), AnD
ASSUMING TYPICAL SATURATION BEHAVIOR, THE SUBSTANCE IS LIKELY IN VAPOR OR VAPOR-LIQUID EQUILIBRIUM.

LIMITATIONS AND CHALLENGES OF USING ONLY CRITICAL PROPERTIES

\W/HILE CRITICAL PROPERTIES PROVIDE POWERFUL SCALING PARAMETERS, RELYING SOLELY ON THEM HAS LIMITATIONS!



- LAck oF SPecIFIC VOLUME orR MASS DATA: W/ITHOUT KNOWING MASS OR VOLUME, PHASE BOUNDARIES CANNOT BE
PRECISELY LOCATED.

- APPROXIMATE NATURE OF CORRESPONDING STATES: REAL SUBSTANCES MAY DEVIATE SIGNIFICANTLY FROM IDEAL OR
GENERALIZED BEHAVIOR.

- CoMPLEX MIXTURES: FOR MIXTURES, CRITICAL PROPERTIES ARE NOT ADDITIVE OR EASILY DEFINED.

- ABSENCE OF SATURATION DATA: CRITICAL PROPERTIES DEFINE THE CRITICAL POINT BUT DO NOT PROVIDE DETAILED
SATURATION CURVES NEEDED FOR PRECISE PHASE IDENTIFICATION.

IMPORTANCE OF SUPPLEMENTARY DATA

FOR RIGOROUS PHASE DETERMINATION, ENGINEERS TYPICALLY REQUIRE:

- SATURATED LIQUID AND VAPOR SPECIFIC VOLUMES OR DENSITIES AT GIVEN TEMPERATURES AND PRESSURES.
- EQUATIONS OF STATE (E.G., PENG-ROBINSON, SOAVE-REDLICH-KWONG).
- EXPERIMENTAL P-V-T DATA OR PROPERTY CHARTS.

Concrusion: CAN THE PHASE BE DETERMINED UsING ONLY CRITICAL
PROPERTIES?

IN SUMMARY, WHILE CRITICAL PROPERTIES ALLOW FOR A FIRST-ORDER ASSESSMENT OF THE PHASE REGION OF A SUBSTANCE AT
SPECIFIED PRESSURE AND TEMPERATURE, THEY DO NOT PROVIDE SUFFICIENT INFORMATION TO DEFINITIVELY DETERMINE THE EXACT
PHASE IN A RIGID TANK WITHOUT ADDITIONAL DATA SUCH AS SPECIFIC VOLUME OR MASS.

KEY TAKEAWAYS:

- |F TEMPERATURE EXCEEDS CRITICAL TEMPERATURE, THE SUBSTANCE IS SUPERCRITICAL AND SINGLE-PHASE.
- |F TEMPERATURE IS BELOW CRITICAL TEMPERATURE:

- AT PRESSURES BELOW CRITICAL PRESSURE, VAPOR OR VAPOR-LIQUID MIXTURE IS POSSIBLE.

- AT PRESSURES ABOVE CRITICAL PRESSURE, LIQUID IS
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