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Parker‘s Solar Wind Model | Concept
▪ Observational and theoretical need for non hydrostatic model for the solar corona

▪ 1958: E.N. Parker introduced a hydrodynamic solar wind model

▪ Assumptions: one Fluid, radial symmetrical with central mass M, isotherm, stationary

▪ Mass and momentum continuity equation leads to:               
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▪ When  𝑣𝑐 = 𝐶𝑠  the denominator is 0, thus:            𝑟𝑐=
𝐺𝑀

2𝐶𝑠
2

▪ Critical point: Transonic Solutions have to go through this point
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Parker‘s Solar Wind Model | Solution 
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Discontinuous Solar Wind Solutions | Basic Idea
▪ Same basic assumptions

▪ Not isotherm → polytropic temperature behavior 
𝑑

𝑑𝑟

𝑇

𝜌𝛾−1
= 0

▪ Literature (i.e. Shi et al. 2022): transonic solar wind solutions only for 𝛾 < 3/2

▪ Set of differential equations analytically solvable for adiabatic expansion 𝛾 = 5/3

Idea:

▪ Two solutions before and after the transonic point

▪ With continuous Mach-number

▪ But jumps in number density, velocity and temperature

▪ Non explicit heat source at the critical point
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Discontinuous SW Solutions | Analytic Solution
Idea:

▪ Two solutions before and after the transonic point

▪ With continuous Mach-number

▪ But jumps in number density, velocity and temperature

▪ Non explicit heat source at the transonic point 𝑟∗

We get two (upstream/downstream) analytically solvable quartic equations for 𝜂 = 𝑟/𝑟𝑐

3𝜂4 − 1 ∓ 𝐶∗ ± 1
𝑟

𝑟∗
𝜂3 + 𝐶∗

2 = 0
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Discontinuous SW Solutions | Slow Wind Result
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Quasi-discontinuous SW Models | Basic Idea
▪ Implicit heating at the transonic point → explicit heating function 

▪ Discontinuous solar wind model → continuous with steep gradients
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With 𝐶:= 𝑘𝐵/(𝜇𝑚𝑝) and with a bell-like heating function:

𝑄𝐻,𝑇 𝑟 =
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Qd SW Models | Slow Wind | Flow velocity v
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im Menü über: 

Start > Absatz > 

Listenebene 

Qd SW Models | Slow Wind | Temperature T
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Qd SW Models | Fast Wind | Temperature T
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Qd SW Models | Time-asymptotic model
To check, if these solutions are stable in time, we look if the solar wind relaxes into these 

flow structures by simulating it with the CRONOS code (Kissmann et al. 2018) 
𝜕𝜌

𝜕𝑡
+
1

𝑟2
𝜕

𝜕𝑟
𝜌𝑣𝑟2 = 0

𝜕(𝜌𝑣)

𝜕𝑡
+
1

𝑟2
𝜕

𝜕𝑟
𝜌𝑣2𝑟2 +

𝜕𝑝

𝜕𝑟
= −

𝐺𝑀𝜌

𝑟2

𝜕𝑒

𝜕𝑡
+
1

𝑟2
𝜕

𝜕𝑟
𝑒 + 𝑝 𝑣𝑟2 = 𝜌𝑄𝐻,𝐸 𝑟, 𝑡 −

𝐺𝑀𝜌𝑣

𝑟2

With  𝑄𝐻,𝐸 𝑟, 𝑡 =
𝐶𝑣0 𝑟

𝛾−1
𝑄𝐻,𝑇 𝑟    and    𝑒 =

𝑝

𝛾−1
+

𝜌𝑣2

2

ISWI 2024 Neustrelitz | Models of quasi-discontinuous solar wind streams | Lukas Westrich | lukas.westrich@rub.de15 



im Menü über: 

Start > Absatz > 

Listenebene 

Time-asymptotic model | Temperature T 
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Two-fluid solar wind with heat conduction
▪ High temperature gradients in quasi-discontinuous solar wind structures

➢ Is heat conduction a non negligible physical quantity?

▪ Westrich et al. 2024: Estimation of the Influence of heat conduction and thermoelectric 

field on the flow structures

▪ First Estimation: Effect on flow structure, but steep gradients were sustained

▪ However, a more physical consistent model is needed

▪ First step: Hartle & Sturrock‘s (1968) solar wind model with different electron and 

proton temperature and heat conduction

➢ Expanding with our localized heating function
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Two-fluid solar wind | Flow velocity v | Preliminary
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Two-fluid solar wind | Temperatures | Preliminary
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Outlook

Analytical Work

▪ Possible heating 
sources

▪ Idea: Reflection and 
damping of acoustic 
waves in a localized 
area

▪ Acoustic Wave 
Pressure Term

Simulation

▪ Transient Structures

▪ More physical
consistent model

▪ Expanding to 
2D/3D, magnetic 
fields, etc.

Observation

▪ Remnants in the 
solar wind?

▪ Faster Solar Wind
produce Switch-
backs?

▪ Gradients produce
unusual Radio Type 
III bursts?
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Summary
▪ Shergelashvili et al. 2020: Introduction of a new type of discontinuous solar wind 

solutions

▪ Implicit heating source

▪ Quasi-discontinuous solar wind streams bridge the gap to a more physical consistent 

model

▪ Localized heating reproduce flow structures

▪ Stable in time

▪ Heat conduction reshapes but not destroys flow structures with high gradients

▪ Possible realisation as a transient structure

▪ Different possible observation models 

▪ Much work to do
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