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S1 Schematic diagram of thrust chamber heat transfer process
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Fig. S1 Schematic diagram of thrust chamber heat transfer process

S2 Expression of semi-empirical Bartz formula
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Dy is the throat diameter. xq4 is the gas dynamic viscosity. c,q is the gas specific heat at
constant pressure. Pr is the gas Prandtl number. ¢” is the gas characteristic velocity. o is the
correction factor for property variations across the boundary layer. R is the radius of curvature of
nozzle contour at throat. A; is the throat area of the nozzle and A is the area under consideration



along chamber axis. Tyq is the gas side wall temperature. T. and p. are respectively combustion
temperature and pressure. The subscript ‘NS’ represents the stagnation parameter. y is the specific
heat ratio of the gas and May denotes the local Mach number.

S3 Expression of dimensionless numbers
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Gt is the coolant mass flow rate. Dy, is the hydraulic diameter of cooling channel. &' is the
coefficient of surface tension. x is the mass quality. h¢; and g are respectively the coolant
latent heat of evaporation and heat flux. u, p and p are respectively dynamic viscosity, density
and pressure. And the subscript ‘gp’, ‘lp’, ‘f” represent gas-phase, liquid-phase and coolant,
respectively.

S4 Expression of frictional pressure drop and acceleration pressure drop
(1) Single phase calculation

The calculation formula for frictional and acceleration pressure drop in the single-phase
region is as follows:
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In the Eq. (S7) and (S8), the subscript ‘sp’ represents the single-phase parameters. Ggg, is the
mass flow rate of the single-phase coolant. pg, is the average density of the single-phase coolant,
and pspin and pspoue represent the inlet and outlet densities of the coolant, respectively. Dy, is the
hydraulic diameter of the coolant channel, and L is the length of the coolant channel. f, is the
single-phase friction factor, which can be determined using the Colebrook formula:
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Where the Ra is the regenerative cooling channel surface roughness.




(2) Two-phase calculation

In the two-phase region, a homogeneous model is used to calculate the frictional pressure
drop:
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Apfr = f

In the Eq. (S10), the subscript ‘tp’ represents the two-phase parameters. Gy, is the mass flow
rate of the two-phase coolant, py, is the average density of the two-phase coolant, and fy, is the
two-phase friction factor. The calculation formula for py, and fy, is as follows.

plppgp

= " P® S11
pgp(l_x)+plpx ( )

Py

L _ ppog| R/D., 251

\/ﬁ 3.7  Re|f, '

(S12)

Where the p, and pg, represent the densities of the liquid phase and gas phase coolant in the
two-phase region, respectively. x is the coolant dryness fraction, and Ra is the regenerative cooling
channel surface roughness.

The acceleration pressure drop can be expressed as follows:
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Where the &'is void fraction. The calculation formula for &' is as follows:

5': plp /pgp )
1 x+(p, ! £y =)

(S14)

S5 Different gas film mass flow comparison schemes

Table S1 Different gas film mass flow comparison schemes

Gas film mass flow rate  Gas film mass flow (kg/s)  Gas film introduction position ~ Gas film introduction coordinate (m)

10% 0.101 Thrust chamber head Z=0
15% 0.152 Thrust chamber head Z=0
20% 0.202 Thrust chamber head Z=0
25% 0.253 Thrust chamber head Z=0

S6 Comparison of different gas film introduction positions

Table S2 Comparison of different gas film introduction positions

Gas film introduction Gas film introduction Gas film mass

hem . .
Scheme position coordinate (m) flow rate

case 1 head of the thrust 720 20%
chamber




S7 Comparison of double row hole schemes
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Table S3 Comparison of double row hole schemes

Coordinates of the first

Flow rate of the first

Coordinates of the second

Flow rate of the second

Scheme row of holes (m) row of holes row of holes (m) row of holes
case 1 Z=0 20% / /

case 5 Z=0 10% Z=0.043 10%
case 6 Z=0 10% Z=0.075 10%
case 7 Z=0 10% Z =0.150 10%

S8 Nomenclature
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Nomenclature

channel width, m

area

rib width, m

boiling number

characteristic velocity, m/s

specific heat at constant pressure, J/kg K
diameter, m

friction coefficient

gravitational acceleration, m/s?

mass flow rate, kg/m? s

convective heat transfer coefficient, W/m? K

latent heat of evaporation, ki/kg

rib height, m

dimensionless pressure parameter
cooling channel length, m

mass flow rate, kg/s

blowing ratio

Mach number of gas flow

oxidizer to fuel mixture ratio

number of calculation nodes

number of regenerative cooling channels
Nusselt number

pressure, MPa

frictional pressure drop, MPa

local pressure drop, MPa

acceleration pressure drop, MPa

gravity pressure drop, MPa

Prandtl number

heat flux, W/m?

Radius, m

surface roughness, um

Reynolds number

bottom surface areas of cooling channel, m?
side surface areas of cooling channel, m?
total surface area of the gas side wall, m?
the total rib surface area, m?
temperature, K

z axial coordinates of thrust chamber, m

Zyt non-dimensional distance downstream of the
cooling film

Zyio non-dimensional location of the cooling film
effective leading edge

0 thickness, m

) density, kg/m?

I dynamic viscosity, Pa s

y specific heat ratio of gas

o’ coefficient of surface tension

Oct correction factor for property variations
across the boundary layer

& nozzle expansion ratio

g’ void fraction

4 coefficient of thermal conductivity, W/m K

n cooling efficiency

Subscripts

aw adiabatic wall of gas-side

c combustion chamber

co coolant

f coolant

fr friction

g mainstream gas

ap gas-phase

h hydraulic

i inlet

Ip liquid-phase

max maximum value

ns stagnation parameter

p propellant

rc regenerative cooling channel

sp single phase

t throat

tp two phase

w wall of thrust chamber

wg gas-side wall

0 initial condition of gas film




velocity, m/s

Weber number

dryness fraction

calculation step length, m
Martinelli number

distance from the gas film inlet, m

Acronyms

RCC regenerative cooling channel
RPL rated power level

HTD  heat transfer deterioration
LPV local peak value




