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(UNDERSTANDING THE BEHAVIOR OF ICE AND WATER DURING PHASE CHANGES IS A FUNDAMENTAL ASPECT OF THERMODYNAMICS,
WITH NUMEROUS PRACTICAL APPLICATIONS IN CLIMATE SCIENCE, ENGINEERING, AND EVERYDAY LIFE. W/HEN ANALYZING PROBLEMS
INVOLVING THE MELTING OF ICE AND SUBSEQUENT TEMPERATURE CHANGES, IT’S CRUCIAL TO ACCOUNT FOR ALL RELEVANT
ENERGY EXCHANGES, INCLUDING LATENT HEATS AND SPECIFIC HEATS OF THE SUBSTANCES INVOLVED. HO\X/EVER, SOMETIMES IN
EDUCATIONAL SETTINGS OR SIMPLIFIED MODELS, ASSUMPTIONS ARE MADE THAT DO NOT FULLY CAPTURE THE PHYSICS OF THE
SITUATION. ONE SUCH ASSUMPTION IS TO CONSIDER THAT ALL THE ICE MELTS COMPLETELY AND THEN IGNORE THE SUBSEQUENT
TEMPERATURE ADJUSTMENTS OF THE RESULTING WATER.

THIS APPROACH CAN LEAD TO INCORRECT RESULTS, SUCH AS PREDICTING A FINAL TEMPERATURE OF T=-1 ().50(:, WHICH MAY
SEEM PLAUSIBLE AT FIRST GLANCE BUT IS FUNDAMENTALLY FLAWED IF THE PROBLEM’S INITIAL CONDITIONS AND ENERGY
BALANCES ARE NOT PROPERLY ANALYZED. IN THIS ARTICLE, WE WILL EXPLORE THE REASONING BEHIND SUCH ASSUMPTIONS, WHY
THEY ARE INCORRECT, AND HOW TO CORRECTLY APPROACH PROBLEMS INVOLVING ICE MELTING AND TEMPERATURE CHANGES.

UNDERSTANDING THE PROBLEM CONTEXT

IN MANY THERMODYNAMICS PROBLEMS, YOU ARE ASKED TO DETERMINE THE FINAL TEMPERATURE AFTER A CERTAIN AMOUNT OF ICE
IS MIXED WITH WARMER WATER OR EXPOSED TO A HEAT SOURCE. THE TYPICAL SCENARIO INVOLVES:

- A KNOWN MASS OF ICE AT A KNOWN INITIAL TEMPERATURE (UsuaLLy 0°C).
- A KNOWN MASS OF WATER AT A HIGHER INITIAL TEMPERATURE.
- THE GOAL: FIND THE FINAL EQUILIBRIUM TEMPERATURE AFTER HEAT EXCHANGE.

A COMMON MISTAKE IS TO ASSUME THAT ALL THE ICE MELTS INSTANTLY AND THEN TO ANALYZE THE TEMPERATURE CHANGE OF
THE RESULTING WATER WITHOUT CONSIDERING THE ENERGY REQUIRED FOR MELTING OR THE HEAT LOST OR GAINED DURING THE
PHASE CHANGE.

THe FLAWED AsSUMPTION: ALL ICE MELTS AND FINAL TEMPERATURE IS
-16.5°C

SUPPOSE SOMEONE ASSUMES THAT:

- ALL THE ICE MELTS COMPLETELY.
- THE TEMPERATURE OF THE RESULTING MIXTURE SETTLES AT —16.5°C.

THIS ASSUMPTION IS PROBLEMATIC BECAUSE IT NEGLECTS THE FOLLOWING:

- THE ENERGY REQUIRED TO MELT THE ICE (LATENT HEAT OF FUSION).

- THE FACT THAT WATER CANNOT EXIST BELOW O°C UNLESS IT IS UNDER PRESSURE OR SUPERCOOLED.

- THE CONSERVATION OF ENERGY PRINCIPLES, WHICH DICTATE THAT THE HEAT LOST BY WARMER WATER MUST EQUAL THE HEAT
GAINED BY THE ICE AND THE RESULTING WATER.



ASSUMING THE FINAL TEMPERATURE IS = 16.5°C SUGGESTS THAT THE WATER COOLS BELOW O°C, WHICH IS PHYSICALLY
IMPOSSIBLE UNLESS THE WATER IS UNDER PRESSURE OR IN A SUPERCOOLED STATE. T HEREFORE, THIS CONCLUSION INDICATES AN
OVERSIMPLIFICATION OR MISAPPLICATION OF THERMODYNAMIC PRINCIPLES.

WHY Is THIS ASSUMPTION INCORRECT?

1. IGNORING THE LATENT HEAT oF FusioN

THE LATENT HEAT OF FUSION (L_F) FOR ICE IS APPROXIMATELY 334 kJ/kG. \WHEN ICE MELTS, IT ABSORBS THIS ENERGY
WITHOUT CHANGING TEMPERATURE. |[F YOU IGNORE THIS, YOU UNDERESTIMATE THE ENERGY NEEDED TO CONVERT ICE AT 0°C
INTO LIQUID WATER AT 0°C.

IMPLICATION: ASSUMING ALL ICE MELTS INSTANTLY AT THE SAME TEMPERATURE WITHOUT CONSIDERING THE LATENT HEAT
LEADS TO AN INACCURATE CALCULATION OF THE ENERGY EXCHANGE.

2. NEGLECTING THE TEMPERATURE CONSTRAINTS OF LIQUID WATER

W ATER CANNOT EXIST STABLY BELOW O°C IN AN OPEN SYSTEM, AS IT FREEZES UNLESS KEPT UNDER PRESSURE OR
SUPERCOOLED. THEREFORE, FINAL TEMPERATURES BELOW 0°C (SUCH AS —16.5°C) ARE PHYSICALLY IMPOSSIBLE FOR FREELY
EXISTING WATER.

IMPLICATION: THE ASSUMPTION IGNORES THE FUNDAMENTAL THERMODYNAMIC FACT THAT THE EQUILIBRIUM TEMPERATURE AFTER
MELTING AND MIXING CANNOT BE BELOW O°C UNLESS UNDER SPECIAL CONDITIONS.

3. VIOLATING CONSERVATION OF ENERGY

ANY HEAT LOST BY THE WARMER WATER MUST GO INTO MELTING THE ICE AND RAISING THE TEMPERATURE OF THE RESULTING
WATER. |F THE INITIAL CONDITIONS DO NOT PROVIDE ENOUGH HEAT TO MELT ALL THE ICE AND WARM THE MIXTURE TO
—=16.5°C, THEN THAT FINAL TEMPERATURE CANNOT BE ACHIEVED.

IMPLICATION: THE ASSUMPTION VIOLATES THE ENERGY CONSERVATION PRINCIPLE, LEADING TO PHYSICALLY IMPOSSIBLE RESULTS.

CORRECT APPROACH TO SOLVING THE PROBLEM

TO ACCURATELY DETERMINE THE FINAL TEMPERATURE AFTER MELTING ICE AND MIXING WITH \WARMER WATER, FOLLOW THESE
STEPS:

STep 1: DerINe KNOowN QUANTITIES

- Mass oF 1ce: \(M_{ice} \)
- InT1AL TEMPERATURE oF ICE: \( T_{ice, niTiaL} = 0°C \) (ASSUMING ICE AT MELTING POINT)
- Mass oF waTerR: \(M_{wATer} \)



- INITIAL TEMPERATURE OF WATER: \( T_{wATer, InTIAL} \) (GrREATER THAN 0°C)

STep 2: WRITE THE ENERGY BALANCE EQUATION

THE TOTAL HEAT LOST BY THE WARM WATER EQUALS THE HEAT GAINED BY THE ICE AND THE WATER FORMED FROM MELTED ICE:

\[
Q {Lost}=Q {caINeD}
\]

EXPRESSED MATHEMATICALLY:

\[
M_{waTer} c_{wATeR} (T_{waTer, INTIAL} - T_{FINALY) =M _{ice} L_F + M _{ice} c_{waTer} (T_{FiNaL} - 0°C)

\]

\WHERE!:

-\(c_{wATEr} \) = SPECIFIC HEAT CAPACITY OF WATER (~4.18 kJ/kG'K)
-\CL_F\) = LATENT HEAT OF FusioN (~334 kJ/kG)
-\( T_{FNAL} \) = FINAL TEMPERATURE OF THE MIXTURE (UNKNOWN)

NoTe: IF \( T_{FiNaL} \) Is BELOW 0°C, THIS INDICATES SUPERCOOLING OR OTHER SPECIAL CONDITIONS, WHICH ARE
GENERALLY NOT CONSIDERED IN STANDARD PROBLEMS.

Step 3: SoLve For \( T_{FiNaL} \)

REARRANGED:

\[
M_{waTer} c_{wATeR} (T_{waTer, NTIAL} - T_{FINAL}) =M _{ice} L_F +m™_{ice} c_{waTer} T_{FINAL}

\]
\l

M_{waTer} c_{wATER} T_{wATer, INTIAL} - M_{wATER} c_{wATer} T_{FNaL} =™ _{ice} L_F +m_{ice} c_{wATer}
T {FNAL}
\]

GROUP TERMS:

\[
M _{wATer} c_{waTer} T_{wATer, NTIAL} - M_{ice} L_F=T_{rnaL} (M_{waTer} c_{waTer} + M_{ice} c_{wATEr})

\]

SoLve For \( T_{FNnaL} \):

\[
T_{rnaL} = \rrac{M_{wAaTer} c_{wATer} T_{waTer, NTIAL} - M_{ice} L_FH(M_{waTer} + M_{ice}) c_{waTer}}

\]

THIS FORMULA PROVIDES THE PHYSICALLY MEANINGFUL EQUILIBRIUM TEMPERATURE CONSIDERING ALL ENERGY EXCHANGES.



IMPLICATIONS OF THE CORRECT SOLUTION

APPLYING THE CORRECT APPROACH OFTEN RESULTS IN A FINAL TEMPERATURE AT OR ABOVE OOC/ CONSISTENT WITH PHYSICAL
LAWS. IF THE CALCULATION YIELDS A TEMPERATURE BELOW OOCI IT INDICATES THAT NOT ALL THE ICE MELTS OR THAT THE
INITIAL ASSUMPTIONS NEED REVISION.

IN SCENARIOS WHERE THE INITIAL HEAT ENERGY IS INSUFFICIENT TO MELT ALL THE ICE AND RAISE THE TEMPERATURE ABOVE OOC,
THE SYSTEM WILL REACH AN EQUILIBRIUM WITH SOME ICE REMAINING UNMELTED, AND THE TEMPERATURE WILL BE EXACTLY 0°C.

CoMMON MISCONCEPTIONS AND How To Avoid THEM

- ASSUMING ALL ICE MELTS INSTANTLY WITHOUT CONSIDERING LATENT HEAT: ALWAYS INCLUDE THE LATENT HEAT IN
CALCULATIONS.

- |GNORING THE TEMPERATURE LIMITS OF WATER: REMEMBER, UNDER NORMAL PRESSURE, WATER CANNOT EXIST BELOW 0°C N
LIQUID FORM.

- OVERLOOKING ENERGY CONSERVATION: ENSURE THAT THE HEAT LOST BY WARMER WATER EQUALS THE HEAT GAINED BY ICE
AND MELTWATER.

- CALCULATING FINAL TEMPERATURE BELOW 0°C WITHOUT PRESSURE CONSIDERATIONS: RECOGNIZE THAT SUCH CONDITIONS
ARE PHYSICALLY UNREALISTIC IN OPEN SYSTEMS.

Concrusion: WHY THE AssUMPTION ofF —16.5°C I1s FLAWED

THE ASSUMPTION THAT, AFTER SOLVING THE PROBLEM, THE FINAL TEMPERATURE IS — 16.5°C BY CONSIDERING THAT ALL THE ICE
MELTS IS FLAWED BECAUSE IT NEGLECTS THE FUNDAMENTAL THERMODYNAMIC PRINCIPLES:

- ENERGY REQUIRED FOR MELTING (LATENT HEAT)
- PHYSICAL CONSTRAINTS ON WATER TEMPERATURE
- CONSERVATION OF ENERGY

PROPER ANALYSIS MUST INCORPORATE THE LATENT HEAT OF FUSION, THE INITIAL CONDITIONS, AND THE PHYSICAL LIMITS OF
WATER TEMPERATURE. \W/HEN CORRECTLY PERFORMED, THE CALCULATIONS TYPICALLY SHOW THAT THE FINAL TEMPERATURE
WILL BE AT OR ABOVE 0°C UNLESS UNDER SPECIAL PRESSURE CONDITIONS. ANY RESULT INDICATING A TEMPERATURE LIKE
-16.5°C SUGGESTS AN OVERSIMPLIFICATION OR MISAPPLICATION OF THERMODYNAMICS.

Key TAKEAWAYS:

- ALWAYS INCLUDE LATENT HEAT IN PHASE CHANGE CALCULATIONS.

- RECOGNIZE PHYSICAL LIMITS OF WATER TEMPERATURE.

- USE ENERGY BALANCE EQUATIONS TO ENSURE PHYSICALLY VALID RESULTS.

- BE CAUTIOUS WITH ASSUMPTIONS THAT OVERSIMPLIFY COMPLEX PROCESSES.

BY UNDERSTANDING THESE PRINCIPLES, STUDENTS AND PROFESSIONALS CAN ACCURATELY ANALYZE THERMODYNAMIC PROBLEMS
INVOLVING ICE MELTING AND AVOID ERRORS LIKE ASSUMING A FINAL TEMPERATURE OF = 16.5°C WITHOUT PROPER
JUSTIFICATION.

MeTA DESCRIPTION:
LEARN WHY ASSUMING ALL ICE MELTS AND THE FINAL TEMPERATURE IS = 16.5°C IS INCORRECT IN THERMODYNAMICS PROBLEMS.



DISCOVER THE PROPER APPROACH TO CALCULATING FINAL TEMPERATURES AFTER ICE MELTING, INCLUDING ENERGY BALANCES AND
PHYSICAL CONSTRAINTS.

FREQUENTLY ASkeD QUESTIONS

\WHAT ASSUMPTIONS ARE MADE WHEN CALCULATING THE FINAL TEMPERATURE
ASSUMING ALL THE ICE MELTS?

THE CALCULATION ASSUMES THAT ALL THE ICE MELTS COMPLETELY, THAT THE HEAT EXCHANGE OCCURS WITHOUT LOSSES,
AND THAT THE FINAL TEMPERATURE T = -16.5°C IS REACHED WHEN THE SYSTEM REACHES THERMAL EQUILIBRIUM.

WHY MIGHT ASSUMING ALL THE ICE MELTS LEAD TO AN INACCURATE FINAL
TEMPERATURE ESTIMATE?

BECAUSE IN REAL SCENARIOS, SOME ICE MAY NOT MELT COMPLETELY OR HEAT TRANSFER MAY BE INCOMPLETE, LEADING TO A
DIFFERENT FINAL TEMPERATURE, ASSUMING COMPLETE MELTING SIMPLIFIES THE CALCULATION BUT CAN OVERLOOK THESE
FACTORS.

How DOES THE SPECIFIC HEAT CAPACITY OF WATER INFLUENCE THE FINAL TEMPERATURE
AFTER ICE MELTING?

THE SPECIFIC HEAT CAPACITY DETERMINES HOW MUCH ENERGY IS NEEDED TO CHANGE WATER'S TEMPERATURE, AFFECTING THE
FINAL EQUILIBRIUM TEMPERATURE ONCE THE ICE HAS MELTED AND MIXED WITH OTHER SUBSTANCES.

\WHAT ROLE DOES THE LATENT HEAT OF FUSION PLAY IN CALCULATING THE FINAL
TEMPERATURE WHEN ALL ICE MELTS?

LATENT HEAT OF FUSION IS THE ENERGY REQUIRED TO TURN ICE INTO LIQUID WATER WITHOUT CHANGING TEMPERATURE; IT IS
CRITICAL IN ENERGY BALANCE CALCULATIONS TO DETERMINE HOW MUCH HEAT IS ABSORBED DURING MELTING.

Is THE TEMPERATURE T = -16.5°C REALISTIC FOR A SYSTEM WHERE ALL ICE MELTS,
AND WHY MIGHT THIS VALUE BE CONSIDERED 'WRONGLY' ASSUMED?

TYPICALLY, MELTING ICE COOLS THE SYSTEM TO AROUND 0°C, SO ASSUMING A FINAL TEMPERATURE OF - 16.5°C Is
UNREALISTIC UNLESS ADDITIONAL COOLING FACTORS ARE INVOLVED; HENCE, IT'S CONSIDERED A WRONGLY ASSUMED VALUE.

How CAN INACCURACIES IN THE INITIAL TEMPERATURES OF THE COMPONENTS AFFECT
THE FINAL TEMPERATURE CALCULATION?

INCORRECT INITIAL TEMPERATURE ASSUMPTIONS CAN LEAD TO ERRORS IN ENERGY BALANCE CALCULATIONS, RESULTING IN AN
INACCURATE ESTIMATE OF THE FINAL TEMPERATURE, ESPECIALLY IF THE INITIAL TEMPERATURES ARE SIGNIFICANTLY DIFFERENT.

\WHAT ARE THE PRACTICAL IMPLICATIONS OF ASSUMING THE FINAL TEMPERATURE T =
-16.5°C IN REAL-WORLD SCENARIOS?
ASSUMING SUCH A LOW FINAL TEMPERATURE COULD MISLEAD ENGINEERS OR SCIENTISTS ABOUT THE THERMAL BEHAVIOR OF

SYSTEMS INVOLVING ICE AND WATER, POTENTIALLY LEADING TO DESIGN FLAWS OR INCORRECT INTERPRETATIONS OF THERMAL
PROCESSES.



How SHOULD ONE PROPERLY APPROACH CALCULATING THE FINAL TEMPERATURE WHEN
ALL ICE MELTS IN A MIXTURE?

ONE SHOULD PERFORM AN ENERGY BALANCE CONSIDERING THE HEAT REQUIRED TO MELT THE ICE (LATENT HEAT) AND THE HEAT
EXCHANGED TO REACH THERMAL EQUILIBRIUM, ACCURATELY ACCOUNTING FOR INITIAL TEMPERATURES AND HEAT CAPACITIES.

ADDITIONAL RESOURCES

[cE MELTING AND FINAL TEMPERATURE: ANALYZING THE ASSUMPTION THAT ALL THE ICE MELTS To REacH T =-16.5°C

INTRODUCTION

THE STUDY OF THERMAL PROCESSES INVOLVING PHASE CHANGES, PARTICULARLY THE MELTING OF ICE AND SUBSEQUENT
TEMPERATURE ADJUSTMENTS, IS FUNDAMENTAL IN THERMODYNAMICS. IN MANY EDUCATIONAL AND PRACTICAL CONTEXTS,
SIMPLIFIED ASSUMPTIONS ARE MADE TO FACILITATE CALCULATIONS—ONE SUCH ASSUMPTION BEING THAT ALL ICE MELTS
COMPLETELY BEFORE THE SYSTEM REACHES THERMAL EQUILIBRIUM. W/HILE CONVENIENT, THIS ASSUMPTION CAN SOMETIMES LEAD
TO INACCURACIES IF THE ACTUAL PHYSICAL SCENARIO DIFFERS.

IN THIS REVIEW, WE EXPLORE THE IMPLICATIONS OF ASSUMING THAT ALL THE ICE MELTS, SPECIFICALLY ANALYZING A
HYPOTHETICAL FINAL TEMPERATURE T = -16.5°C. WE WILL EXAMINE WHETHER THIS ASSUMPTION HOLDS TRUE UNDER TYPICAL
CONDITIONS, THE PHYSICAL PRINCIPLES INVOLVED, AND THE CONSEQUENCES OF SUCH AN APPROXIMATION. THE GOAL IS TO
UNDERSTAND THE DEPTH OF THIS ASSUMPTION, ITS VALIDITY, AND THE DETAILED THERMODYNAMIC REASONING BEHIND THE
ACTUAL BEHAVIOR OF THE SYSTEM.

CONTEXT AND TYPICAL SCENARIO

SUPPOSE WE HAVE A SYSTEM CONSISTING OF;

- AN INITIAL QUANTITY OF ICE AT A TEMPERATURE BELOW 0°C.

- A GIVEN AMOUNT OF WARM WATER OR OTHER HEAT SOURCE.

- AN INSULATED ENVIRONMENT TO PREVENT HEAT EXCHANGE WITH SURROUNDINGS.

THE COMMON PROBLEM INVOLVES DETERMINING:

- THE FINAL TEMPERATURE AFTER HEAT EXCHANGE.

- \WHETHER ALL THE ICE MELTS OR REMAINS PARTIALLY SOLID.

- THE PHASE AND TEMPERATURE STATE OF THE SYSTEM AT EQUILIBRIUM.

IN MANY TEXTBOOK PROBLEMS, THE ASSUMPTION THAT ALL ICE MELTS SIMPLIFIES CALCULATIONS BECAUSE IT ALLOWS ONE TO

FOCUS SOLELY ON THE HEAT REQUIRED FOR MELTING (LATENT HEAT) PLUS THE HEATING OF THE RESULTING WATER TO THE FINAL
TEMPERATURE.

THe AssUMPTION: ALL Ice MeLTs To ReacH T =-16.5°C

THE SPECIFIC ASSUMPTION UNDER SCRUTINY IS THAT, EVEN AFTER HEAT EXCHANGE, THE SYSTEM REACHES A FINAL TEMPERATURE
oF T=-1 ().5°C, WITH THE ENTIRE ICE MASS MELTED AND EQUILIBRATED AT THIS TEMPERATURE.

KEY POINTS OF THIS ASSUMPTION:

- THE ICE HAS FULLY MELTED, TURNING INTO LIQUID WATER AT THE FINAL TEMPERATURE.
- NO RESIDUAL ICE REMAINS IN SOLID FORM.



- THE ENTIRE SYSTEM (WATER AND MELTED ICE) IS AT THERMAL EQUILIBRIUM AT T = -16.5°C.

CRITICAL ANALYSIS OF THE ASSUMPTION

1. PHYSICAL PLAUSIBILITY OF THE FINAL TEMPERATURE

THE FIRST QUESTION TO ASK IS: IS T = -16.5°C A PHYSICALLY CONSISTENT FINAL TEMPERATURE?

- |F ALL ICE MELTS, THE SYSTEM'S TEMPERATURE CANNOT BE BELOW 0°C UNLESS IT IS A MIXTURE OF WATER AND ICE IN
EQUILIBRIUM, WHICH IS COMMON AT THE MELTING POINT.

- AT TEMPERATURES BELOW 0°C, THE SYSTEM WOULD BE IN A MIXED PHASE (ICE + WATER), WITH THE ICE IN PARTIAL OR
COMPLETE SOLID FORM.

- FOR ALL ICE TO BE MELTED AND THE SYSTEM TO SETTLE AT - 16.5°C, THE WATER MUST BE COOLED BELOW 0°C, WHICH
WOULD ONLY BE POSSIBLE IF THE WATER'S TEMPERATURE DROPS BELOW ITS MELTING POINT, IMPLYING THE PRESENCE OF ICE
STILL IN THE SYSTEM OR THE NEED FOR SUPERCOOLING.

CONCLUSION: |T IS PHYSICALLY INCONSISTENT FOR A SYSTEM WITH ALL ICE MELTED TO HAVE A FINAL TEMPERATURE BELOW
0°C UNLESS THE SYSTEM CONTAINS SUPERCOOLED WATER OR OTHER ANOMALOUS CONDITIONS, WHICH ARE NOT TYPICAL IN
STANDARD THERMODYNAMIC PROBLEMS.

2. THERMODYNAMIC CONSTRAINTS

ACCORDING TO THE PRINCIPLES OF THERMODYNAMICS:

- HEAT TRANSFER OCCURS FROM W ARMER PARTS OF THE SYSTEM TO COOLER PARTS.

- PHASE CHANGE (MELTING) REQUIRES INPUT OF LATENT HEAT, \(L_F\), AT 0°C.

- COOLING OF WATER BELOW 0°C REQUIRES REMOVAL OF HEAT, BUT LIQUID WATER CANNOT EXIST STABLY BELOW 0°C
UNLESS SUPERCOOLED.

IMPLICATION: TO REACH A FINAL TEMPERATURE OF - 16.5°C, EITHER:

- THE WATER MUST BE SUPERCOOLED, WHICH IS A METASTABLE STATE AND NOT TYPICAL IN EQUILIBRIUM CALCULATIONS.
- OR THE INITIAL ASSUMPTIONS ARE INCORRECT, AND SOME ICE REMAINS UNMELTED.

THEREFORE, THE ASSUMPTION THAT ALL ICE MELTS AND THE SYSTEM STABILIZES AT T =-16.5°C IS PHYSICALLY
INCONSISTENT UNDER NORMAL CONDITIONS.

THErRMODYNAMIC CALCULATIONS AND THE CORRECT APPROACH
1. ENERGY BALANCE EQUATIONS

IN TYPICAL PROBLEMS INVOLVING MELTING ICE AND TEMPERATURE CHANGE, THE ENERGY CONSERVATION EQUATION IS:

\[
8_{IN} =Q {ourt}

\WHERE:

- \(Q_{iN}\): HEAT suppLIED (E.G., FROM WARM WATER).
-\(Q_{out}\): HeaT LosT (E.G., TO COLD SURROUNDINGS OR INITIAL ICE).

\W/HEN CONSIDERING PHASE CHANGE:

\[



Q_{meLting} = m_{ice} \TiMes L_F

\]

AND FOR TEMPERATURE CHANGE:

\[
Q_{sensiBLe} =M \TiMes ¢ \TiMes \DeLTa T

\]

WHERE:
- \(M\): MASS OF WATER OR ICE.

- \(c\): SPECIFIC HEAT CAPACITY.
- \(L_F\): LATENT HEAT oF FusIoN (~334 kJ/kG FOR ICE).

2. TYPICAL SOLUTION STEPS
- CALCULATE HEAT REQUIRED TO RAISE ICE FROM INITIAL TEMPERATURE \(T_{ice, mimiaL}\) To 0°C.
- ADD THE LATENT HEAT TO MELT ALL ICE.

- USE REMAINING HEAT TO WARM THE MELTED ICE (Now WATER) FRoM 0°C To THe FINAL TEMPERATURE \(T_{FINAL}\).

MATHEMATICALLY:

\[
Q _{rotaL} =m {ice} c_{ice} (O - T_{ice, nTiaL}) +M_{ice} L_r+M_{waTer} c_{waTer} (T_{FnaL} - O)

\]

THE SYSTEM REACHES EQUILIBRIUM WHEN THE HEAT SUPPLIED EQUALS \(Q_{ToTAL}\).

IMPLICATIONS OF THE ASSUMPTION ON FINAL TEMPERATURE

ASSUMING THAT ALL ICE MELTS AND THE SYSTEM REACHES T =-16.5°C:

- CONTRADICTS PHYSICAL LAWS BECAUSE THE LIQUID WATER CANNOT EXIST STABLY AT - 16.5°C WITHOUT FREEZING OR
SUPERCOOLING.

- SUGGESTS AN UNDERLYING MISCONCEPTION—POSSIBLY THE ASSUMPTION IS MADE FOR THE PURPOSE OF AN IDEALIZED
CALCULATION, IGNORING PHASE STABILITY.

ReaLIsTIC FINAL TEMPERATURES

IN REALITY, THE FINAL TEMPERATURE:

- |Is aBoVE O°C IF ALL ICE MELTS AND THE SYSTEM REACHES EQUILIBRIUM.
- CaN Be BELOW 0°C IF SOME ICE REMAINS UNMELTED, RESULTING IN A PHASE EQUILIBRIUM AT O°C, WITH RESIDUAL ICE.

THE RoLE OF SUPERCOOLING AND SUPERCOOLING LIMITATIONS
SUPERCOOLING IS A METASTABLE STATE WHERE WATER REMAINS LIQUID BELOW ITS FREEZING POINT, BUT:

- |T IS NOT A STABLE EQUILIBRIUM.
- THE SYSTEM WILL TEND TO FREEZE SPONTANEOUSLY IF NUCLEATION SITES ARE AVAILABLE.

IN THERMODYNAMIC EQUILIBRIUM, THE FINAL TEMPERATURE OF A MELTED ICE-WATER SYSTEM IS AT OR ABOVE 0°C UNLESS



SUPERCOOLING CONDITIONS ARE ARTIFICIALLY MAINTAINED.

THUS, ASSUMING A FINAL TEMPERATURE OF - 16.5°C FOR A SYSTEM WHERE ALL THE ICE IS MELTED INDICATES AN UNPHYSICAL
SCENARIO UNLESS SUPERCOOLING IS EXPLICITLY INCORPORATED, WHICH COMPLICATES THE ANALYSIS SIGNIFICANTLY.

PrAcCTICAL CONSIDERATIONS AND COMMON MISTAKES

- ASSUMING ALL ICE MELTS WITHOUT CONSIDERING THE INITIAL TEMPERATURE OF THE ICE.

- |GNORING THE PHASE CHANGE HEAT: NEGLECTING THE LATENT HEAT \(L_F\) CAN LEAD TO INCORRECT CONCLUSIONS ABOUT
THE TEMPERATURE.

- MISINTERPRETING THE FINAL TEMPERATURE: ASSUMING THE FINAL EQUILIBRIUM TEMPERATURE CAN BE BELOW O°C wITHOUT
ACCOUNTING FOR THE PHASE STATE.

COMMON ERRORS INCLUDE:

- TAKING THE FINAL TEMPERATURE AS GIVEN WITHOUT CHECKING PHASE STABILITY.
- USING SIMPLIFIED FORMULAS WITHOUT CONSIDERING THE PHASE DIAGRAM CONSTRAINTS.
- ASSUMING SUPERCOOLED STATES ARE STABLE EQUILIBRIA IN STANDARD CONDITIONS.

SuMMARY AND CONCLUSIONS

- THE ASSUMPTION THAT ALL ICE MELTS AND THE SYSTEM REACHES A FINAL TEMPERATURE OF T = -16.5°C IS PHYSICALLY
INCONSISTENT UNDER NORMAL THERMODYNAMIC CONDITIONS.

- THE PHASE STABILITY OF WATER IMPLIES THAT LIQUID WATER CANNOT PERSIST BELOW 0°C UNLESS SUPERCOOLING OR
OTHER SPECIAL CONDITIONS ARE PRESENT.

- IN TYPICAL SYSTEMS, IF ALL ICE MELTS, THE FINAL TEMPERATURE IS AT OR ABOVE 0°C.

- TO ACCURATELY DETERMINE THE FINAL TEMPERATURE, ONE MUST PERFORM AN ENERGY BALANCE CONSIDERING:

- INITIAL TEMPERATURES.

- PHASE CHANGE HEAT (LATENT HEAT).
- SPECIFIC HEATS.

- \WHETHER RESIDUAL ICE REMAINS.

- THE INCORRECT ASSUMPTION SIMPLIFIES CALCULATIONS BUT MISREPRESENTS THE PHYSICAL REALITY. [T MAY BE USEFUL AS AN
APPROXIMATION IN SOME CONTEXTS, BUT ONLY WHEN EXPLICITLY JUSTIFIED.

FINAL REMARKS

\X/HEN APPROACHING PROBLEMS INVOLVING PHASE CHANGE AND TEMPERATURE EQUILIBRIA, IT IS CRITICAL TO:

- USE PHASE DIAGRAMS AND THERMODYNAMIC PRINCIPLES.

- RECOGNIZE THE LIMITS OF ASSUMPTIONS.

- CROSS-VERIFY WHETHER THE ASSUMPTIONS ALIGN WITH PHYSICAL LAWS.

UNDERSTANDING THE NUANCES OF MELTING, SUPERCOOLING, AND PHASE STABILITY ENSURES ACCURATE AND MEANINGFUL

THERMODYNAMIC ANALYSES, PREVENTING OVERSIMPLIFICATIONS THAT LEAD TO UNPHYSICAL CONCLUSIONS SUCH AS A FINAL
TEMPERATURE OF - 16.5°C AFTER COMPLETE MELTING OF ICE.

If This Problem Is Solved Assuming Wrongly That All The Ice
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