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Equations Used & Program Outline

References Materials and Methods
• Preliminary literature review: To understand the thermodynamics and science behind the 

intended research 
• Multi-Phase Multi-Component (MPMC) model for the Enceladus Plumes: the new model of 

the plumes being developed; shows how as the pressure decreases, bubbles form, which 
there causes the upward flow of the plumes through the conduit (1)

• MATLAB: To numerically implement model to predict thermodynamic properties of the 
Enceladus conduit mixture
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Figure 1: Enceladus Moon

Ongoing Work
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Figure 2: Enceladus Plumes

Introduction & Objective

Figure 3: Illustration of the conduit-vent system that produces the plumes on Enceladus

Image credit: NASA-JPL/Caltech Exobiology extant Life Surveyor (EELS) team

Conservation of Energy: 𝑻𝒅𝒔 − 𝑷𝒅𝒗+ σ𝒊𝝁𝒊𝒅𝑵𝒊 + 𝒖𝒅𝒖+ 𝒈𝒅𝒛 = 𝟎
• 𝑇𝑑𝑠 = heat; 𝑃𝑑𝑣 = mechanical work; σ𝑖 𝜇𝑖𝑑𝑁𝑖 = chemical potential 

• All terms represent specific internal energy (J/kg)
• 𝑢𝑑𝑢 = Kinetic energy; 𝑔𝑑𝑧 = Gravitational potential energy

• All terms represent specific external energy (J/kg)

Conservation of Mass: 𝝆 ∙ 𝒖 = 𝒄𝒐𝒏𝒔𝒕
• 𝜌 = density; 𝑢 = velocity

Henry’s Law: 𝑪 = 𝒌 ∙ 𝑷
• 𝑘 = Henry’s constant; 𝑃 = pressure (1)

• Shows relationship between the amount of dissolved gas in a liquid with its partial pressure

Calculations progress from descending height (z) valueObjective: Determine how the plumes erupt on Enceladus through 
the relationship between their velocity, pressure, concentration of 

𝐻2, and mass flow rate as they travels through the conduit
Graph 1: Mach Number vs. Depth (m) Graph 2:  Velocity (m/s) vs. Depth (m)

From the resulting graphs, it is clearly shown that as the plume travels upward 
through the conduit, the velocity significantly increases, causing the Mach number to 
increase to approximately Mach 1 at 0 meters. This means that the velocity must be 

at its maximum at this point. Based on these results, the Mach 1 assumption has been 
clearly shown: For a multi-phase mixture (containing liquid-gas droplets), the speed of 
sound is considerably slower compared to a primarily gaseous mixture. Therefore, for 

the model, the boundary condition of Mach 1 at 0 meters has been prescribed. 
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To further clarify these results, the next step is to implement these 
values into a program and to test them within specified boundary 
conditions. Over the summer, I have been working on coding this 

model in MATLAB, which will test the varying values of the velocity 
as the height and pressure decrease while the mass flow rate, and 

Mach number increase. This program will allow for future 
sensitivity and uncertainty quantification studies.

During the Cassini mission, pictures of the Saturn moon Enceladus, via 
close fly-by in July 2005, showed plumes erupting from craters, called 
“tiger stripes”, of the South Pole (2). Upon closer examination, non-
water components, including volatiles like 𝐻2, were found in these 

plumes, which are primarily gaseous water vapor and solid particles 
(mostly ice) once they erupt out of the conduit. This concluded that 

these plumes emerged via eruption from jets underneath the icy 
surface in a subsurface liquid ocean(1).

Motivation: Determine if the composition of the plume measured in 
space is representative of the subsurface ocean

Results
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