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UNDERSTANDING THE BEHAVIOR OF GASES WITHIN COMBUSTION SYSTEMS IS ESSENTIAL IN FIELDS SUCH AS CHEMICAL ENGINEERING
ENVIRONMENTAL SCIENCE, AND ENERGY PRODUCTION. ONE KEY CONCEPT IN THIS REALM IS PARTIAL PRESSURE, WHICH DESCRIBES
THE PRESSURE EXERTED BY A SPECIFIC GAS WITHIN A MIXTURE. IN PARTICULAR, CALCULATING THE PARTIAL PRESSURE OF
CARBON MONOXIDE (CO) AT A GIVEN TEMPERATURE AND VOLUME PROVIDES INSIGHTS INTO COMBUSTION EFFICIENCY,
POLLUTANT LEVELS, AND SAFETY MEASURES.
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IN THIS ARTICLE, WE WILL EXPLORE THE DETAILED PROCESS OF DETERMINING THE PARTIAL PRESSURE OF COINA 25.0-LITER
COMBUSTION VESSEL AT A TEMPERATURE OF 468.2 K. WE WILL INTRODUCE RELEVANT PRINCIPLES, EQUATIONS, AND STEP-BY~
STEP CALCULATIONS TO PROVIDE A COMPREHENSIVE UNDERSTANDING OF THIS CHEMICAL PHYSICS PROBLEM.

UNDERSTANDING PARTIAL PRESSURE IN GASES

WHAT |Is PARTIAL PRESSURE?

PARTIAL PRESSURE REFERS TO THE PRESSURE CONTRIBUTED BY A SINGLE GAS IN A MIXTURE OF GASES. ACCORDING TO DALTON’S
LAw oF PARTIAL PRESSURES/ THE TOTAL PRESSURE EXERTED BY A GAS MIXTURE IS THE SUM OF THE PARTIAL PRESSURES OF
EACH INDIVIDUAL COMPONENT:

P =P +P,+ . +P,

TOTAL

W/HEN GASES BEHAVE IDEALLY, EACH GAS'S PARTIAL PRESSURE CAN BE CALCULATED USING THE IDEAL GAS LA, CONSIDERING
THE AMOUNT OF MOLES, TEMPERATURE, AND VOLUME.

FUNDAMENTAL PRINCIPLES FOR CALCULATING PARTIAL PRESSURE

THE IpeaL GAs LAW

THE IDEAL GAS LAW IS EXPRESSED AS:
PV =nRT

\X/HERE:

- P = PRESSURE IN ATMOSPHERES (ATM)
-V = voLuMe IN LITers (L)
- N = NUMBER OF MoLES (MoL)



- R = IDEAL GAS CONSTANT, 0.0821 L*aTM/(MoL"K)
- T = TeMPERATURE IN KeLVIN (K)

THIS LAW DESCRIBES THE BEHAVIOR OF GASES UNDER IDEAL CONDITIONS, WHICH IS A GOOD APPROXIMATION AT MODERATE
PRESSURES AND TEMPERATURES.

CALCULATING PARTIAL PRESSURE OF A GAS

To FIND THE PARTIAL PRESSURE OF CO, YOU NEED TO KNOW:
- THE NUMBER OF MOLES oF CO PRESENT
- THE TEMPERATURE

- THE VOLUME OF THE VESSEL

ONCE THESE ARE KNOWN, THE PARTIAL PRESSURE PCO CAN BE CALCULATED USING THE IDEAL GAS LAW:

Po=WNoRT)/V

DeTERMINING THE MoLES oF CO IN THE VESSEL

THE CALCULATION HINGES ON KNOWING HOW MANY MOLES OF CO ARE PRESENT IN THE VESSEL AT THE SPECIFIED CONDITIONS.
SEVERAL SCENARIOS CAN LEAD TO THIS:

1. GIveN THE MASS ofF CO: IF YOU HAVE THE MASS, CONVERT TO MOLES USING MOLAR MASS.

2. GIVEN THE TOTAL PRESSURE AND COMPOSITION: |F THE TOTAL PRESSURE AND MOLE FRACTION OF CO ARE KNOWN.

3. FROM THE COMBUSTION REACTION: IF THE INITIAL QUANTITIES OF FUEL AND OXIDANT ARE GIVEN, AND THE COMBUSTION
REACTION IS BALANCED.

For THIS EXAMPLE, ASSUME THAT THE TOTAL NUMBER OF MOLES OF GAS IN THE VESSEL IS KNOWN OR CAN BE DEDUCED FROM

THE INITIAL CONDITIONS. SUPPOSE THE VESSEL CONTAINS ONLY CO GAS, OR THE PARTIAL PRESSURE CORRESPONDS TO A
KNOWN MOLE FRACTION OF CO IN A MIXTURE.

STeP-BY-STEP CALCULATION OF PARTIAL PrRESSURE oF CO

LET'S ASSUME THAT:

- THE VESSEL CONTAINS oNLY CO GAs.
- THe NUMBER OF MOLES OF CO, NCO, IS DERIVED FROM INITIAL CONDITIONS OR MEASUREMENTS.

SAMPLE DATA FOR CALCULATION:

- TEMPERATURE, T = 468.2K

- VoLumg, V=250L

- MoLes oF CO, NCO = 10.0 MoL (HYPOTHETICAL VALUE FOR ILLUSTRATION)

CALCULATING PCO:

USING THE IDEAL GAS LAW:



PCO=(NCORT)/V

PLUGGING IN THE VALUES:

PCO =(10.0 MoL 0.0821 L-aTM/(MoLK) 468.2K) [ 25.0 L
CALCULATIONS:

- NumeraTOR: 10.0 0.0821 468.2 = 10.0 38.43 = 384.3
- DIviDE BY VOLUME: 384.3 / 25.0 % 15.37 ATM

RESULT:

THE PARTIAL PRESSURE OF CO IN THIS SCENARIO IS APPROXIMATELY 15.37 ATM.

FACTORS AFFECTING PARTIAL PRESSURE IN REAL SCENARIOS

W/HILE THE ABOVE EXAMPLE ASSUMES IDEAL BEHAVIOR AND A KNOWN NUMBER OF MOLES, REAL-WORLD SITUATIONS MAY
INVOLVE ADDITIONAL COMPLEXITIES:

- NON-IDEAL GAS BEHAVIOR: AT HIGH PRESSURES OR LOW TEMPERATURES, DEVIATIONS FROM IDEALITY OCCUR.
- MIXTURES OF GASES: THE PARTIAL PRESSURE DEPENDS ON THE MOLE FRACTION OF CO RELATIVE TO OTHER GASES.
- REACTION DYNAMICS: COMBUSTION REACTIONS MIGHT CHANGE THE AMOUNT OF CO PRESENT OVER TIME.

- LEAKAGE OR CONTAMINATION: EXTERNAL FACTORS CAN ALTER THE GAS COMPOSITION.

[T IS ESSENTIAL TO CONSIDER THESE FACTORS WHEN DESIGNING EXPERIMENTS OR INTERPRETING DATA.

APPLICATION OF PARTIAL PRESSURE CALCULATIONS IN FUEL COMBUSTION
ANALYSIS

UNDERSTANDING THE PARTIAL PRESSURE OF CO DURING COMBUSTION PROCESSES HAS SEVERAL PRACTICAL APPLICATIONS:
- EMission conTrRoOL: MONITORING CO LEVELS TO ENSURE COMPLIANCE WITH ENVIRONMENTAL STANDARDS.
- EFFICIENCY OPTIMIZATION: ENSURING COMPLETE COMBUSTION TO MINIMIZE CO FORMATION.

- SAFETY PROTOCOLS: DETECTING HIGH CO CONCENTRATIONS THAT COULD POSE HEALTH HAZARDS.
- ENGINE AND REACTOR DESIGN: CALCULATING PARTIAL PRESSURES TO OPTIMIZE COMBUSTION CHAMBER CONDITIONS.

ADDITIONAL CONSIDERATIONS AND ADVANCED T OPICS

- DALTON’s LAW IN MIXTURE ANALYSIS: WHEN MULTIPLE GASES ARE PRESENT, PARTIAL PRESSURES ARE PROPORTIONAL TO
THEIR MOLE FRACTIONS:

P

TOTAL

\WHERE XI IS THE MOLE FRACTION OF GAS I.



- EFFECT OF TEMPERATURE V ARIATIONS: AS TEMPERATURE INCREASES, GAS PRESSURE TENDS TO INCREASE IF VOLUME AND
MOLES REMAIN CONSTANT.

- Use oF Gas LAwS IN COMBUSTION MODELING: ACCURATE MODELING OF COMBUSTION SYSTEMS REQUIRES INTEGRATING
PARTIAL PRESSURE CALCULATIONS WITH THERMODYNAMIC DATA.

CoNcCLUSION

CALCULATING THE PARTIAL PRESSURE OF CO AT A GIVEN TEMPERATURE, VOLUME, AND AMOUNT OF SUBSTANCE IS
FUNDAMENTAL IN ANALYZING COMBUSTION SYSTEMS AND GAS BEHAVIOR. USING THE IDEAL GAS LA, ONE CAN DERIVE THE
PARTIAL PRESSURE PROVIDED THE AMOUNT oF CO (IN MOLES), TEMPERATURE, AND VOLUME ARE KNOWN OR CAN BE ESTIMATED.
THIS CALCULATION INFORMS ENVIRONMENT AL MONITORING, SAFETY ASSESSMENTS, AND EFFICIENCY IMPROVEMENTS IN ENERGY
SYSTEMS.

UNDERST ANDING THESE PRINCIPLES ENABLES ENGINEERS AND SCIENTISTS TO OPTIMIZE COMBUSTION PROCESSES, REDUCE
EMISSIONS, AND DESIGN SAFER, MORE EFFICIENT ENERGY DEVICES. ALWAYS CONSIDER THE SPECIFIC CONDITIONS AND POTENTIAL
DEVIATIONS FROM IDEAL GAS BEHAVIOR FOR MORE PRECISE RESULTS IN PRACTICAL APPLICATIONS.

Keyworps: PARTIAL PrRessUre, CO GAs, IbeaL Gas Law, ComBusTION VESSEL, GAS LAw CALCULATIONS, FUEL
CoMBuUSTION, GAS MIXTURE, THERMODYNAMICS, ENVIRONMENTAL SCIENCE, ENERGY PRODUCTION

FREQUENTLY AskeD QUESTIONS

WHAT IS THE PARTIAL PRESSURE oF CO AT 468.2 K IN A 25.0 L VESSEL DURING
FUEL COMBUSTION?

TO DETERMINE THE PARTIAL PRESSURE, USE THE IDEAL GAS LAW: P = (NRT)/V. You neeb THE AMOUNT oF CO (IN MOLES)
PRESENT TO CALCULATE THE PRESSURE ACCURATELY.

W/HICH GAS LAW IS USED TO CALCULATE THE PARTIAL PRESSURE OF CO IN THE
VESSEL?

THe IDEAL GAS LAW (PV = NRT) IS USED TO CALCULATE THE PARTIAL PRESSURE OF CO, ASSUMING IDEAL BEHAVIOR.

\WHAT ADDITIONAL INFORMATION IS NEEDED TO FIND THE PARTIAL PRESSURE oF CO IN
THE VESSEL?

Y OU NEED TO KNOW THE NUMBER OF MOLES (N) ofF CO PRESENT IN THE VESSEL AT THE GIVEN TEMPERATURE AND VOLUME.

How DOES TEMPERATURE AFFECT THE PARTIAL PRESSURE OF CO IN THE VESSEL?

AN INCREASE IN TEMPERATURE INCREASES THE PARTIAL PRESSURE OF CO, ASSUMING THE NUMBER OF MOLES AND VOLUME REMAIN
CONSTANT, BECAUSE P T.



IF THE AMOUNT OF CO IN MOLES IS KNOWN, HOW CAN YOU CALCULATE ITS PARTIAL
PRESSURE?

Using P = (NRT)/V, wHere R = 0.0821 L'aTM/(MoL'K), N 1s MoLes oF CO, T1s 468.2 K, anp V 1s 25.0 L.

\WHAT ARE TYPICAL UNITS USED FOR PARTIAL PRESSURE IN SUCH CALCULATIONS?

PARTIAL PRESSURE IS COMMONLY EXPRESSED IN ATMOSPHERES (ATM), BUT CAN ALSO BE IN KPA OR MMHG DEPENDING ON
CONTEXT.

How DOES THE VOLUME OF THE VESSEL INFLUENCE THE PARTIAL PRESSURE OF CO?

THE PARTIAL PRESSURE IS INVERSELY PROPORTIONAL TO VOLUME, INCREASING VOLUME DECREASES PRESSURE, ASSUMING MOLES
AND TEMPERATURE STAY CONSTANT.

CAN DALTON'S LAW BE APPLIED TO FIND THE PARTIAL PRESSURE OF CO IN A MIXTURE?

YES, DALTON'S LAW STATES THAT THE PARTIAL PRESSURE OF A GAS IS PROPORTIONAL TO ITS MOLE FRACTION TIMES THE
TOTAL PRESSURE IN THE MIXTURE.

\WHAT ASSUMPTIONS ARE MADE WHEN CALCULATING PARTIAL PRESSURE USING THE
IDEAL GAS LAW?P

[T IS ASSUMED THAT GASES BEHAVE IDEALLY, MEANING NO INTERACTIONS BETWEEN MOLECULES AND THAT THE GAS PARTICLES
OCCUPY NEGLIGIBLE VOLUME.

IN A FUEL COMBUSTION VESSEL ;, WHAT FACTORS COULD CAUSE DEVIATIONS FROM THE
IDEAL GAS LAW WHEN CALCULATING PARTIAL PRESSURE?

FACTORS INCLUDE HIGH PRESSURE OR TEMPERA TURE CONDITIONS, GAS INTERACTIONS, NON-IDEAL BEHAVIOR, OR PRESENCE OF
OTHER GASES AFFECTING THE SYSTEM.

ADDITIONAL RESOURCES

WHAT Is THE PARTIAL Pressure (IN ATM) OF CO AT 468.2 K IN A 25.0 L FueL ComeusTioN VESSEL IF IT CONTAINS

IN THE REALM OF CHEMICAL ENGINEERING AND ENVIRONMENT AL SCIENCE, UNDERSTANDING THE BEHAVIOR OF GASES DURING
COMBUSTION PROCESSES IS CRUCIAL. ONE FUNDAMENTAL CONCEPT THAT OFTEN EMERGES IN SUCH CONTEXTS IS THE PARTIAL
PRESSURE OF INDIVIDUAL GASES WITHIN A MIXTURE. SPECIFICALLY, THE PARTIAL PRESSURE OF CARBON MONOXIDE (CO) IN
COMBUSTION SYSTEMS CAN HAVE SIGNIFICANT IMPLICATIONS—FROM EFFICIENCY ASSESSMENTS TO ENVIRONMENTAL IMPACT
EVALUATIONS. THIS ARTICLE EXPLORES THE CONCEPT OF PARTIAL PRESSURE, FOCUSING ON A PRACTICAL PROBLEM: DETERMINING
THE PARTIAL PRESSURE OF CO AT 468.2 K wITHIN A 25.0 L VESSEL CONTAINING COMBUSTION GASES.

UNDERSTANDING PARTIAL PRESSURE IN GAS MIXTURES

WHAT |Is PARTIAL PRESSURE?

PARTIAL PRESSURE IS A TERM ROOTED IN DALTON’S LAW OF PARTIAL PRESSURES. |T REFERS TO THE PRESSURE THAT A SINGLE
COMPONENT OF A GAS MIXTURE WOULD EXERT IF IT OCCUPIED THE ENTIRE VOLUME ALONE AT THE SAME TEMPERATURE. |F A



MIXTURE CONTAINS MULTIPLE GASES—SAY, OXYGEN, NITROGEN, CARBON MONOXIDE, AND OTHERS—THE TOTAL PRESSURE IS
THE SUM OF THE PARTIAL PRESSURES OF EACH CONSTITUENT. MATHEMATICALLY:

\[
P {totaL}=P {O 2}+P _{N 2}+P {CO}+ \LboTs
\]

EACH PARTIAL PRESSURE CAN BE EXPRESSED AS:

\l

P {cas}=v_{cas} \TiMes P_{TOTAL}

\]
wHERe \( Y_{GAs} \) IS THE MOLE FRACTION OF THE GAS IN THE MIXTURE.

W/HY IS PARTIAL PRESSURE IMPORTANT? |T DIRECTLY RELATES TO THE RATE OF REACTIONS, GAS DIFFUSION, AND EQUILIBRIUM
STATES, ESPECIALLY IN COMBUSTION AND ENVIRONMENTAL MODELING.

THe IbeaL GAs LAW As A TooL

CALCULATING THE PARTIAL PRESSURE OFTEN INVOLVES THE IDEAL GAS LAW:

\[
PV =nNRT

\]

\WHERE:

-\(P\) I1s THE PRESSURE (ATM),

-\(V \)1s THe voLume (L),

-\(nN'\) IS THE NUMBER OF MOLES,

-\(R\) Is THE UNIVERSAL GAS CONSTANT (0.082057 L aTM/(MoL'K)),
-\(T\) i1s THe TemPerATURE (K).

THIS LAW PROVIDES A STRAIGHTFORWARD WAY TO CONNECT THE AMOUNT OF GAS IN MOLES WITH ITS PRESSURE, GIVEN FIXED
VOLUME AND TEMPERATURE.

SETTING UP THE PROBLEM

SUPPOSE WE HAVE A COMBUSTION VESSEL OF VOLUME 25.0 LITERS CONTAINING GASES AT 468.2 K. THE QUESTION IS:
W/HAT IS THE PARTIAL PRESSURE OF CO IN THIS VESSEL? TO ANSWER THIS, CERTAIN INFORMATION MUST BE SPECIFIED OR
ASSUMED:

- THE TOTAL NUMBER OF MOLES OF GASES IN THE VESSEL.
- THE MOLE FRACTION (OR AMOUNT) ofF CO WITHIN THE MIXTURE.

IN TYPICAL COMBUSTION SCENARIOS, THE COMPOSITION MAY VARY, BUT FOR THE PURPOSE OF THIS CALCULATION, WE WILL
ASSUME THAT THE TOTAL MOLES OF GASES ARE KNOWN OR CAN BE ESTIMATED BASED ON COMBUSTION CHEMISTRY.



CALCULATING THE PARTIAL PrReESSURE oF CO

ST1ep 1: DETERMINE TOTAL MoLES oF GAS IN THE VESSEL

THE TOTAL PRESSURE EXERTED BY THE GASES DEPENDS ON THE AMOUNT OF GAS PRESENT. SUPPOSE, FOR ILLUSTRATION, THE
TOTAL MOLES OF GASES IN THE VESSEL IS \( N_{ToTAL} \).

IF THIS IS UNKNOWN, IT CAN BE ESTIMATED BASED ON THE COMBUSTION REACTION AND THE INITIAL FUEL AND OXIDIZER
QUANTITIES. For THIS EXAMPLE, ASSUME THAT THE TOTAL MOLES OF GASES IN THE VESSEL ARE 2.0 MoL (A TYPICAL VALUE
FOR ILLUSTRATIVE PURPOSES).

STep 2: FIND THE MoLE FRACTION oF CO

THe MoLE FRACTION ofF CO, \( v_{CO} \), is DEFINED AS:

\[
v_{CO} = \rrac{n_{COJ}nN_{TOTAL}}
\]

ASSUMING FROM COMBUSTION CALCULATIONS, THE CO consTITUTES 0.3 MoL ouT OF THE TOTAL 2.0 MoL:

\[
v_{CO} =\rrAc{0.3}{2.0}=0.15
\]

THIS MOLE FRACTION INDICATES THAT 15% oOF THE TOTAL MoLES ARE CO.

STeP 3: CALCULATE ToTAL PrResSURE UsING THE IDEAL GAS LAW

APPLYING THE IDEAL GAS LAW:

\[
P_{toTaL} = \rrAc{N_{TOTAL}R THV}
\]

PLUGGING IN THE VALUES:

\[

P_{totaL} = \rrac{2.0 \TexT{ MoL} \TiMes 0.082057 \Text{ L-aAT™/(MoLK)} \TiMes 468.2 \TexT{ K}}{25.0
\text{ L}}

\]

CALCULATING NUMERATOR:

\[
2.0 \TiMes 0.082057 \TiMes 468.2 \approx 76.756 \TexT{ L-aTM}

\]

DIVIDING BY VOLUME:

\[
P_{toTAL} \APPrOX \FrRAC{76.7563{25.0} \aprrox 3.07 \TeEXT{ ATM}



\]

ST1eP 4: FIND PARTIAL PRessURe oF CO

UsING DALTON’s LAW:

\[
P {CO}=v_{CO}\TiMes P_{ToTAL} =0.15 \TiMes 3.07 \approx 0.4605 \TexT{ ATM}

\]

RESULT: THE PARTIAL PRESSURE OF CO IN THE VESSEL IS APPROXIMATELY 0.46 ATM.

IMPLICATIONS AND PRACTICAL CONSIDERATIONS

UNDERSTANDING SUCH CALCULATIONS HELPS ENGINEERS AND SCIENTISTS OPTIMIZE COMBUSTION PROCESSES, CONTROL
EMISSIONS, AND DEVELOP CLEANER ENERGY SOLUTIONS. THE PARTIAL PRESSURE OF CO DIRECTLY INFLUENCES:

- REACTION KINETICS: HIGHER PARTIAL PRESSURES CAN ACCELERATE OR INHIBIT REACTIONS.
- ENVIRONMENTAL IMPACT: CO IS A TOXIC POLLUTANT, KNOWING ITS PARTIAL PRESSURE AIDS IN EMISSION CONTROL.
- SAFETY PROTOCOLS: ELEVATED CO LEVELS IN CLOSED SYSTEMS POSE HEALTH RISKS.

FACTORS AFFECTING THE CALCULATION:
- ACTUAL GAS COMPOSITION: V ARIATIONS IN REACTION CONDITIONS ALTER MOLE FRACTIONS.

- TEMPERATURE FLUCTUATIONS: DEVIATIONS FROM ASSUMED TEMPERATURE IMPACT PRESSURE.
- INCOMPLETE COMBUSTION: NOT ALL FUEL CONVERTS TO COQ, MORE CO MIGHT BE PRODUCED UNDER CERTAIN CONDITIONS.

ADVANCED SCENARIOS AND REAL-\W ORLD APPLICATIONS

IN REAL-WORLD APPLICATIONS, SEVERAL COMPLEXITIES ARISE:

- NON-IDEAL GAS BEHAVIOR: AT HIGH PRESSURES OR LOW TEMPERATURES, DEVIATIONS FROM IDEALITY OCCUR.
- DYNAMIC SYSTEMS: GAS COMPOSITION CAN SHIFT OVER TIME, REQUIRING REAL-TIME MONITORING.

- MULTI-COMPONENT ANALYSIS: ADVANCED MODELS INCORPORATE PARTIAL PRESSURES OF MULTIPLE GASES FOR
COMPREHENSIVE ANALYSIS.

For EXAMPLE, IN DESIGNING CATALYTIC CONVERTERS OR EMISSION CONTROL SYSTEMS, ACCURATELY MEASURING AND

PREDICTING THE PARTIAL PRESSURE OF CO ENABLES BETTER SYSTEM PERFORMANCE AND COMPLIANCE WITH ENVIRONMENTAL
STANDARDS.

CoNCLUSION

DETERMINING THE PARTIAL PRESSURE OF CO AT A SPECIFIC TEMPERATURE WITHIN A COMBUSTION VESSEL INVOLVES
FUNDAMENTAL PRINCIPLES OF GAS LAWS AND CHEMISTRY. BY UNDERSTANDING THE RELATIONSHIPS BETWEEN MOLES, PRESSURE,



TEMPERATURE, AND VOLUME, SCIENTISTS AND ENGINEERS CAN ACCURATELY ASSESS THE BEHAVIOR OF GASES DURING
COMBUSTION PROCESSES. IN THE EXAMPLE PROVIDED, ASSUMING TYPICAL VALUES, THE PARTIAL PRESSURE OF CO AT 468.2K
INA 25.0 L VESSEL IS APPROXIMATELY 0.46 ATM. THIS KNOWLEDGE NOT ONLY ADVANCES SCIENTIFIC UNDERSTANDING BUT
ALSO HELPS IN DESIGNING SAFER, CLEANER, AND MORE EFFICIENT COMBUSTION SYSTEMS.

IN THE BROADER CONTEXT, MASTERING SUCH CALCULATIONS IS VITAL FOR ENVIRONMENTAL MANAGEMENT , ENERGY PRODUCTION,
AND SAFETY PROTOCOLS—UNDERSCORING THE IMPORTANCE OF GAS LAWS IN PRACTICAL AND INDUSTRIAL APPLICATIONS.
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