9

Supplementary

Climate impact of contrail cirrus from hydrogen aircraft
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S1

Karcher et. al. (2015)

To implement and run the model developed by Kércher et. al. [1] (subsequently referred to as K15) it needs to
be parametrized. The chosen parameter values are listed in Table S1 below with short remarks, followed by the
expressions mentioned in the remarks.

Parameter settings for implementation of model developed by

Table S1: Parameter settings needed for the K15 model and our base setting.

’ Parameter \ Notation\ Value \ Unit \ Comment
Water mass emission index for Hy | Ely,0.u, | 8.96 kg (kg fuel)~!
Water mass emission index for jet | Ely,0.5 1.23 ke (kg fuel) !
Lubrication oil mass emission in- | EI, 2 mg (kg fuel) ™!
dex
Specific combustion heat Hy Qu, 122.8 | MJ (kg fuel)~!
Specific combustion heat jet Al Qs 43.2 MJ (kg fuel) !
Propulsion efficiency hydrogen n 0.44 - 2|, correspondence with Carlos Xisto
Air-to-fuel ratio at engine exit hy- | Ny 110 - 2|, correspondence with Carlos Xisto
drogen
Temperature of exhaust at time | Ty 660 K [2], correspondence with Carlos Xisto
zero hydrogen
Geometric mean radius of ambient | i, 15 nm 1], 3], [4]
aerosols
Standard deviation of ambient | o, 2.2 nm [1]
aerosols
Density of water Puw 999.8 | kgm™ Used for Kelvin radius in 74, at 273 K
Surface tension of water Os/a 0.0723 | J m™2 5], used for Kelvin radius in 7.
Hygroscopicity parameter lubrica- | x, 0.0006 | - 6
tion oil
Hygroscopicity parameter ambi- | kg 0.5 - (3], [1]
ent aerosol
Ambient aerosol number concen- | n, 1000 | m™3 high concentration
tration
Density of lubrication oil Po 925 kg m—3 [7], [8] used for number emission index
Molar mass air My 0.0290 | kg mole~!
Initial plume radius ro 0.5 m [9], [1], used for plume cooling rate
Turbulent diffusivity € 0.0285 | - from experimental data [1] ([10]), used
for plume cooling rate
Exit speed of exhaust Uug 400 m st [1], used for plume cooling rate
Dilution parameter 15} 0.9 - [11], used for plume cooling rate
Kelvin radius:
- 4Js/aMwater (S].)
g RpyTpy

10  where, Myqter is the molar mass of water (18.01528 x 1073 kg Mole’l) and R the universal molar gas constant
(8.314463 J (Mole K)~!). We have used a constant value of the Kelvin radius, fixing the temperature in the
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above expression to T' = 273K and corresponding density of water to p,, = 999.8 kg m~3. This gives the Kelvin
radius r; ~ 2.30 x 1072, In Kércher the Kelvin radius is set to 1 nm and in [5] it is set to the expression
according to Eq. (S1) with T' = 298.15K. We chose a fixed value of the Kelvin radius as in K15 for simpler
implementation. At our chosen temperature of T' = 273K water droplet formation takes place in the plume as
it is cooling to ambient conditions. The equation for plume cooling rate mentioned in Table (S1) can be found
in [1] Eq. (10) and (14).

We calculate the number emission index for lubrication oil as in Eq. (7) in [1]

Elon = 743E Ioge-@/?)L“z% (S2)
TPokly

where i, is the median of the lubrication oil lognormal size distribution and o, the standard deviation.

Further comments:

Ambient aerosol size distribution properties are chosen in line with the literature for similar models ([1], [3],
[4]). Ambient aerosols come in a large span of sizes, hygroscopicities and ambient concentrations. We model
ambient aerosols as a single mode lognormal size distribution with a quite large standard deviation to account
for the large variation in ambient aerosols, in addition we choose a quite high hygroscopicity parameter value of
kg = 0.5 and fixed ambient concentration of 1000 cm~3 to not underestimate the influence of ambient aerosols
on ice particle formation.

Other relations needed to implement the K15 model and which approximations we have used are found in
Table (S3) (all other formulas needed found in [1])

Table S2: Relations needed for implementation of K15 and which approximations we have used.

Phenomenon ‘ Notation ‘ Name ‘ Reference
Saturation water vapour pressure ew(T) Goff - Gratch approximation (12, 13]
Mean thermal speed of water molecules u(T) Maxwell-Boltzmann
Molar volume of supercooled water M, (T) -
Latent heat evaporation L,(T) - [14]

S2 Activation radius correction

We added a factor to the expression for "dry” activation radius in Kércher et. al. [1] to account for the worse
fit for small k-values like that of lubrication oil,

_—2/3_ Tk ar —2/3 Tk
Tact = 8 ()13 = apr™s (5an) 17" (S3)

where 7y, is the Kelvin radius from Eq. (S1). The functional form agk®* was found by visual inspection from
corrections to improve the approximation to the actual relation which is at the local maximum (critical saturation
ratio) of the Kappa-Kohler equation

3 — 3 404/ M,

S(r) = 3 —r3(l— k) P RTpyr

(S4)

The local maxima for varying dry radii, r4, was found using Wolfram Mathematicas FindMaxima function.
With the functional form the parameters oy = 1.16788 and a; = 0.186086 where then found with Wolfram
Mathematica function FindFit which uses a least squares solution. The fit was calibrated such that the cgr®* =~ 1
at k = 0.5 since no correction is needed for larger values of k. Figure S1 below shows our fit compared to the
original approximation in Eq. (S3) and the critical saturation ratio found from the x-Kohler equation S4.






