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Basic Concepts

" Heat exchanger air duct and propulsor are combined
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" The fan compression increases the efficiency of the | 1038 Nozzle
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Basic Concepts

Comparison of Pressure loss vs Nusselt number
plotted versus flow velocity in a pipe
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" Pressure losses outgrow the advantage of the increased Nusselt number:

L : : Indicates how much
Nusselt numbers with increasing flow velocity. A T

. i exchanged over a
" |t is advantageous to decrease the flow velocity and T

hdndecby increase the HX air side surface area instead. 3
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Basic Concepts

® Heat exchanger inclined arrangement following F1 example

" Flow cross section area is increased in order to reduce local flow velocities while large frontal areas

are avoided. Diffuser Heat exchanger

Static Static
Velocity Pressure Temperature

Data curves

345 m/s show develop-
ment of average

230 m/s 308K annular duct

251 K properties.
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Basic Concepts

=  Model of an installed HX with no losses and

simplifications: 04 . ‘ ‘ — ‘ ‘
1-y —M,;; =0
Kin.power recov. P15\ 7 PR No HX losses!
g ju— — —_—
H ™ Total heat added P o 03

0.25

=  Effectiveness of rejected heat conversion into
kinetic jet power depends on nozzle pressure

ratio!

Heat-cycle efficency Ty
o
e o
w N

=  Recuperated kinetic jet power depends on heat 0.1
rate Qpgyrc, NOt on temperature el
O 1 1 1 1 1 1 1
1 1.5 2 2.5 3 3.5 4 4.5 5
Pressure Ratio (PS 15/PS 0)
e Source: J. V. BECKER und D. D. BAALS, , The Aerodynamic Effects of Heat and Compressibility in Internal Flow 5
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Parameter Study - Assumptions

General settings

Focus on thermodynamics of heat propulsor!
OD-Modell for the heat propulsor except HX
Not considered yet:
= Fuel cell system ancillaries power vari-
ation with height, flight Mach, etc.
= Nacelle external drag
= System masses
Single engine of a twin engine SMR-aircraft
(A320 size)
Sizing mode study:
= Component sizes are adapted to
operating conditions
= “Rubberized” model
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Heat Propulsor

The Heat Propulsor
consits of the
internal flow-path
(diffusor, fan, nozzle)
and the heat
exchanger



u=u,T="T, 9=39(xy2)
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Present
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[~ z study

plate (aka tubes => liquid
coolant channels)

HX air side settings

= Friction losses in the HX, Polytropic efficiency of fan stage
1D model
HX assumptions

Counter flow compact plate and fin HX (real HX may be crossflow )
Two fluid, direct transfer, single pass

Blockage due to coolant plate/tubes is neglected
1D-Modelling of the air side flow (based on hydr. diameter)
Fully developed turbulent flow

et

Source: Sekulic D.P., Shah R.K.: Fundamentals of heat exchanger design, Wiley, 2003
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Parameter Study - Results

" Transfer efficiency
" contains fan and HX losses as well as ram jet effect
® can be > 1 due to ram jet effect of the HX
" Best ram jet performance at high fan pressure ratios (FPR’s)
" Above 11km
" T, =const.; pressure further decreases according to ISA

" no further reduction in HX size due to decreasing
temperature difference (HX coolant entry and ambient)

Fuel cell and electric drive combined efficiency 0.5
30
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Parameter Study - Results

® Ram jet effect is improved with FPR but overall propulsive
efficiency decreases

— Lower FPR better for the performance of the heat propulsor

— Heat propulsor performs best close to the tropopause (11km)

Fan Shaft Power P,
Ntrans Fan, Meredith Effect, Noizle

° . _ o 2 2
Jet Kinetic Power P; = Em(v]- — vo)
nj

. i ‘ Propulsive Power

_ 1.
Nprop,p=MNtrans * 1j P,, = Em(v]- —vg) - Vg
|
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Parameter Study - Results
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Parameter Study - Results

B HX losses decrease with hot side inflow

0.45
temperature because of reduced HX size
" Efficiency gains (A15/A1 = 2, FPR = 1.2, 85°C):
" 14.5% w.r.t. “w/o HX” case or
" 5.5% points w.r.t. total efficiency & 04
5
0
Take Off HE’ w/o HX — heat rejection elsewhere
Flight altitude in ft 0.0 35000 «g “““““ @rEmTERAn e PrEIIIETT S S 9
ISA temperature deviation in K 0.0 035 l
Freestream Mach number 0.22 0.78 Loz | o b ol
Fan polytropic efficiency 0.85 " FPR=12w/HX 8 FPR=12w/oHX
Fuel cell and electric drive combined os [ vo---h--- y-------- Ll A A R aEh bbb ¥
efficiency ' o3 90 100 110 120 130 140
Fan total pressure ratio (FPR) 1.2-1.6 Hot side inflow temperature (°C)
120.143 23.020
Fan Inlet Mach number 0.5
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Parameter Study - Results
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Conclusions and Outlook

Conclusions
= Thermodynamic sweet spot This is an “artists
"= Heat in fan flow and ram jet effect reward impression” of a na-

celle type integration

increased FNPR’s (and hence FPR’s for fixed M,)
= This partially offsets the trend towards lower
FNPR’s for increased propulsive efficiency

=  Qperation at tropopause altitude Outlook
= Nacelle integration: Principally possible! * Enhanced models include
= Net benefits by ram jet effect even when pressure = Advanced compact HX features (offset strip
losses have been taken into account fin, louvers, bionic designs)
= Challenge: Match sea level take off and cruise = Fuel cell system ancillaries power variation
requirements = Nacelle external drag and system masses

= Aircraft performance (fuel mileage, costs, LCA)
= Propulsion system airframe integration and

snowball effects
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»1he challenges of the industry are
huge, but so are the opportunities.”
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