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AOC Air Oil Cooler

BRG Bearings

GTF Geared Turbofan

GRB Gearbox

FOC Fuel Oil Cooler

IPP IntegratedPower Package
T™MS Thermal Management System
MEA More Electric Aircraft
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Name | AirOiCooler_1 | units | Description
fiuid_in Default Select Fluid Model for Component. Default = GlobalFluidModel set in Component General
FluidModelFile  defaultFluidModelFile Fluid Model file option if fiuid_in is NOT th... fiuid model file in @ TURBO @/maps /FluidModels
fiuidModelPath  "@TURBO@/ma.. noDiss. xml" Fluid Model Filepath for userFluidModelFile option
LiquidType A2427 Select Oil Liquid Type
WcDes_in 100 ka/s Design point inlet corrected air mass flow rate
WLDes_in 1 kafs Design point inlet oil mass flow rate
switchEffect INPUTEffect Select the effectiveness calculation option
Effect_in 0.8 - Air Oil heat effectiveness
UADes 0.5 WK Total Thermal Conductivity of AOC at design point
Rwall 0 Kw Thermal Resistance of due to wall conductivity
del_thet 1.2 - Dimensionalized inlet prssure to dimensionalized inlet temperature at design point
AirThermaRes  Calculate Select the Air thermal resistance calculation option
nl 0.8 - input exponent for Thermal Resistance calculation
AirTransequat  eql Select the equation to compute the heat transfer of air
UADesair 0.5 WK Airside Thermal conductivity at design point
Aexch_air 1 m~2 Wetted Surface area of air
OilThermaRes  Input Select the Oil thermal resistance calculation option
n2 0.8 - input exponent for Thermal Resistance calculation
OilTransequat  eq2 Select the equation to compute the heat transfer of air
UADesoil 0.5 WK Oil Thermal conductivity at design point
Aexch_oil 1 mA2 Wetted Surface area of oil
switchdPgPi INPUTdPQPi Select the fractional pressure loss calculation option
dPgPi_air_in 0 - Fractional pressure loss for coolant stream
nfl 1.75 = input exponent for air pressure loss calculation
Ain 0.8 m*2 Air oil coller inlet effective area
H 0.1 m Air Oil Coller fin height
Lfin 0.4 m Length of fins
a 0.2 m fin Pitch
Num_fin 1 - Number of parallel fin
switchdPgPL  InputdPgPiL Select the fractional pressure loss calculation option for coolant
dPgPi_oil_in 0 - Fractional pressure loss
nf2 175 - input exponent for oil pressure loss calculation
Oillossmodel Fanning Select theequation for the pressure loss
LD 20 - Length to diameter of the oil duct
D 0.02 m Diameter of duct
Num_du 10 - Number of ducts
K 0 - Oilloss factor due to change of flow

FcegdB o@liseysU Usthieg AOBs oUxeUUyaUd osU Uess

FUs U heUse aU¥Uod®ddBpedefddUUcg ecUdde UUs o
dqd Ude osac gartitianU Héag 38 Uy eglosyYeesUUs 85 6)sUay
U

"UsUgi 3UUs 295U Uds eUddeUUsse U aaglidq Usg

BOUNDARY
This component has more variables than equations.
Please select the boundary variables from the list on the right
Boundary variables Partition variables
Needed: |10 Categories: ISuggested as boundaries
pending: |0 Filter: I‘
Name Description I Name IDesa-‘pﬁon
- [] AirQilCooler_1.F_in.Ang Flow angle relative to the engine axis -swirl angle < Select |
#- [ AirCiCooler _1.F_in,FARE Burnt Fuel Air Ratio
- [] AirOilCooler_1.F_in.,FARU Unburnt Fuel Air Ratio << Select All
[ airQilCooler_1.F_in.Pt  Total Pressure
] AirOilCooler_1.F_in.Tt  Total Temperature
- [] AirQilCooler_1.F_in.W  Total Mass Flow
[#- [ AirCilCooler_1.F_in.WAR Water Air Ratio
[ AiroiCooler Liquid Pressure
- AirCilCooler_1.L_i Liquid Temperature
- ] AirQiCooler_1.L_in.W  Liquid Mass Flow Unselect >
Unselect All >> |
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Name | FuelOiCooler_1 units | Description

fluid_in Default Select Fluid Model for Compon...odel set in Component General
| FluidModelFile  defaultFluidModelFile Fluid Mode! file option if fiui..ile in @TURBO@/maps/FluidModels
I fluidModelPath  "@TURBO@/ma...noDiss.xml" Fluid Model Filepath for userFluidModelFile option

| LiquidType A2427 Select Oil Liquid Type

| switchEffect INPUTEffect Select the effectiveness calculation option

I WFdes_in 2 ka/s Design point inlet fuel mass flow rate

I WLDes_in 1 ka/s Design point inlet oil mass flow rate

| Effect_in 1 - Fuel Oil heat effectiveness

I UADes 0.5 wkK Total Thermal Conductivity of FOC at design point

| Rwall 0 K/w Thermal resistance of solid walls
| FuelThermaRes Input
| ni 0.2 - input exponent for Fuel Thermal Resistance calculation
| FuelTransequat eql
I UADesfuel 0.5 wkK Thermal Conductivity of fuel at design point
| Aexch_fuel 1 m~2 Wetted Surface area of fuel
| QilThermaRes Input
| n2 0.4 input exponent for Oil Thermal Resistance calculation
| OilTransequat  eql
| UADesoil 0.5 wkK Thermal Conductivity of oil at design point
I Aexch_oil 1 m*2 Wetted Surface area of ol
| switchdPgPiL InputdPgPiL Select the fractional pressure loss calculation option for coolant
| dPgPi_oil_in 0 Fractional pressure loss
| Shellossmodel custom
| nfi .87 input exponent for fuel pressure loss
-K2 0 - Oil loss factor due to change of flow
| Dshen 0.25 Diameter of Helical Shel
| B 0.1 Baffiee Length
IS 0.012 tube pitch
| switchdPgPiFu InputdPgPiFu Select the fractional pressure loss calculation option for coolant
| drgpPi_fuel_in ] - Fractional pressure loss for coolant stream
| Qillossmodel Fanning
| MNum_du 10 - Number of ducts
| nf2 1 - input exponent for Oil pressure loss
| LD 20 - Length to diameter of the duct
| D 0,02 m Diameter of ol duct
j K1 ] - Fuel loss factor due to change of flow
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mRY W]ZAR.D
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Pleasesdectﬂve bmmdarvvaﬂablesfromthelistonﬂ'lem
Boundary variables Partition variables
Needed: |rf Categories: |Suggested as boundaries
Pending: |-i Filter: =
Name Description | Name [Desupnun
[] FuelOilCooler_1.Fu_in.P Fuel Pressure < Select
] FuelgiCooler_1.Fu_in.T Fuel Temperature
(- [ FuelOiCooler _1.Fu_in.W Fuel Mass Flow << Select All
[ FueloicCooler_1.L _i Liquid Pressure
[ FueloiCooler_1.L n.T Liquid Temperature
- [] FuelOiCooler_1.L_in.W Liquid Mass Flow
Unselect >
Unselect All >>
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3.3.4 Mixer-spliters
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BOUNDARY WIZARD
This component has more variables than equations.
Please select the boundary variables from the list on the right
Boundary variables Partition variables

Needed: IlO Categories: ISuggested as boundaries
Pending: |0 Filter: I’

Name Description I
[#-[] deserator_1.L_in.P Liquid Pressure < Select
#- [] deaerator_1.L_in.T Liquid Temperature
[] deaerator_1.L_in.W Liquid Mass Flow
[ ciPump_1.L_in.P  Liquid Pressure
[ ciPump_1.L_in.T  Liquid Temperature
- [] ciPump_1.L_in.W  Liquid Mass Flow
[] ciTank_1.L_in.P  Liquid Pressure
OilTank_1.L_in.T Liquid Temperature

OilTank_1.L_in.W  Liquid Mass Flow
[ oilTank_1.L_out.W Liquid Mass Flow Unselect >

Unselect All >>

Name | Description

j

Variables: 10 Check | Filtered Variables: 0
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< Pressure relief valve

Oil rel e \y M
R _ll_f:lll_m_lll_lt ----------- 2, Manual valve
O - e
{(hl inlet line |- ~- -‘l-mgh_l Ilm_ ~A o;
Y ! l
P@ g‘i @X BP, (needle valve)
back pressure
| P e =
1 1 Reservoir > Pui
a8’ O
2)FOo1 !
Bypass line 1
T01 5 PO2 (%)

I 1 PF2 TF2
PO1 T02 =
f '
I &
Fcoc . | _HOI

Cold room (-40 degC) @X X© g
Q

X@ Fuel pump Chiller Reservoir

P) Pressure sensor

I Temperature sensor

l' Flow meter

")
é] Pressure reducer
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moil (kg/s) | P (kPa) from chart | P (kPa) from PROOSIS | " f 8 a9 {
0.1 14.81 14.99 1.186
0.2 34.41 34.67 0.746
0.3 56.35 56.63 0.489
0.4 79.96 80.21 0.307
0.5 104.89 105.07 0.166
0.6 130.94 131.00 0.051
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BOUNDARY WIZARD
This component has more variables than equations.
Please select the boundary variables from the list on the right

Boundary variables Partition variables
Needed: |11 Categories: ISuggested as boundaries
pendng: [0 Fiter: =

3] L] AOC67.F_in.Ang Flow angle relative to the engine axis -swirl angle

22} AOQC67.F_in.FARB Burnt Fuel Air Ratio

B AOC&7.F_in FARU Unburnt Fuel Air Ratio < Select

] aocs7.F_in.Pt Total Pressure

[0 AoCs7.F_in.Tt Total Temperature

& [] AOC67.F in.W Total Mass Flow Q« SeietMl

e H ADCE7.F_in,WAR Water Air Ratio

Iy FOCS56 Fu_in.P Fuel Pressure

FOCS56.Fu_in.T Fuel Temperature
+ FOCS56 Fu_in.W Fuel Mass Flow

] oilPump01.5_in.signal[1] Analog signal values

- ——

Fcesldt BysUoayd GgasdedMsy osU UU e63UyaU

ALGEBRAIC WIZARD
A non-linear algebraic equation system (a non-linear box) has been detected.
This wizard helps you to select the minimum set of algebraic variables to solve this box

Algebraic variables Non-linear box variables

Boxes: |2 Categories: ISuggeshed
Box: |1 Filter: I‘

Name Description I N |De otion
*[]iAOCS8.F_out.Tt: Total Temperature :

i

<< Select All

Fecesh zUUUbadqUe 209U Uds Ujycsesoec salddcd Urs UesoUbysal 3
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ALGEBRAIC WIZARD
A non-linear algebraic equation system (a non-linear box) has been detected.
This wizard helps you to select the minimum set of algebraic variables to solve this box

Algebraic variables Non-linear box variables
Boxes: |2 Categories: [Suggested
Box: |2 Filter: [‘

Name Description ‘ Name |Desaiph'on

] FOC87.Fu_out.T Fuel Temperature

< Select

<< Select Al |

FcesB zUUUbadqUe 209U Uds Ujycoesoec saldcd Uxs UeoUbysal 3

Initialize and Closure Equations
Summary anct |
~ General options
WV calailate steady state after calculation
~ Set data and boundary values
Name Value Units Category Description
|1 AOCS6.F_in.Ang 0 deg BOUNDARY Flow angle relative to the engine axis -swirl angle
L AOCS6.F_in.FARB 0 = BOUNDARY Burnt Fuel Arr Ratio
13 | AOCS6.F_in.FARU 0 = BOUNDARY Unburnt Fuel Air Ratio
4 |AOCS6.F_in.Pt 101325 Pa BOUNDARY Total Pressure
5— AOCS6.F_in.Tt 300 K BOUNDARY Total Temperature
T AOCS6.F_in.W 14 kafs BOUNDARY Total Mass Flow
z AOCS6.F_in.WAR 0 = BOUNDARY Water Air Ratio
18 | FOC67.Fu_in.P 200000 Pa BOUNDARY Fuel Pressure
9 |FOC67.Fu_in.T 300 K BOUNDARY Fuel Temperature
; FOC67.Fu_in.W 0.79 ka/s BOUNDARY Fuel Mass Flow
T Heat_load23.Qt 60000 w BOUNDARY Heat flow for casing
Z QilPump0 1.s_in.signal[1] 0.3 - BOUNDARY Analog signal values

Fcesll ¢oseyd Urxs 63 9Us13 Ggasddet s TJMU Usdg Uy UeU0U) 9o

ZFUd GgsycUsU, ~“YU0ellcs spegiaslapwllg oaUs o:-
e UU0UbYaae3U0UUd Uds “"Uyece Uesg Uy U o

52 YUy Ue U@ &g diyltdf o o jex0ldy o ¥ 3

Bs " UjUeUU)jseayd eUayUUd " @69 }j Uoe UUs BoeE
aUglaeeg oaUs Usg Uy U U K Ue GdeUae GeUlaUC
GisU oaYdU usyYUUzd yos93Usz “~ ;100U "“UyUeU0Ujooy
GoUGey) UUsayd Useyd Udd dUyeseed ostciasad Us
"Uy Ue0U0pPdqaygUgB®ece Uesg oaUglaceag A atdd aUd:
yo93Us 29U UyaU uUsUGey UUsoay¥Y GdeUaU GeUuaUbcC
aYdU Uz UsaayvYalU(q Je GdeUae GeUUaUGdd zU0 Ug!l

' ] aUs Yzyr 0Uec oi ¥e o (
3 o 5 ’ a ’



U1 Ue OV soyiiobawWdd c e 3 Uy a¥ 355

GoaU 30U UasUs tgasUUe aUs d Gioesaysld U
9693Y dUjecolgExskesd)oyY gWoydadU (Gde VUaU GaeUU qd
dU o2a3e6g3 299U GgooaUeyoseysU "egulaslGUY yiszdd U
dU; ehUdUU "6g Usly) cUUUs sidzsUsal grar e Uz 5 Hu rWs
eU Usd 6 6alUd g easoaslUUUs d dUy229>aks Uosxvoos
(2.25) 2 5 U AQI®, 30 3 .29 U230)0 s U FACs 3 G @ 68y fZc e 619
GUase3UUs UU U egUUeayGelUUU 025U Uds silei yi =
UoYUMSId a UEBc 8 820y gz e €531 0 Ubc e 632y £ 6 e 5480 s U

Co (Q

G
a

cc@

Usd

U gnMs2y srtiesy Us Uad Ussc U.

YasUalldgoeyd Udd steciasad Uesg a¥YdU Uz Usa¥YalUd o250 Us
Design Point 50/50 20/80 80/20
0 60000 60000 60000
0 30000 12000 48000
0 30000 48000 12000
Uiy d U¥s ~ Uy UeU0U; 9013 UasUs

Ud s

= =

gelh dU;ehUdMUd 20 yrvd 80

YU} eUsye2y v2P kg/s

"bUjece oaUglakgsg O.

e Uos¥Yas

dge’

ZUd dU; ehU0dUU yiadd Uesg
} UUastUsose
Gi 0d U@ solUddfg UseUUYaoalUgidd
Uj sdeT§gas UUUs
aUs
aUsdUGeysU
GO0Ueeys3@iTdokefUallexd) UgUe

ee3UUas’
Yy Usjad
Gg3U0aUG0e
Uy Yae UOU

y¥d 0. 8

a¥YdU Uz Usa¥YalUd d
aUai UUy
UUas Us

saduid

ayYUs
eUO0YuaslGdd
29U Uegd
aUgldaeacg.

dU0; ephU0dquUU
O3 UaayYa UU



FAO] s13B

U1 Ue OU; 5 o yTMISIU

oyBEWS0 d g

3 s se
3
UI 2
8 ? pe ® o < - 3 °
< «
15000
10000 °
.-
5000
0
0 10 15 20 25

—&— Qload=20000W

Qload=80000W

 mair (kg/s)

#— Qload=40000W

®— DP_AOC

FcesB zU0U0Ubsae

10 15
mair (kg/s)
#— Qload=40000W

®— DP_AOC

FcesBd zUUUbgae

70000

60000

50000

40000

30000

AOC_Q(W)

20000

10000

0

Fceslilr z00Ubeae

0,9999

0,99988

-
.
0,99972
0,9997
0,99968
0 02

—&— Qload=20000W

Qload=80000W

Fceslin: zz0U0Ubeae

aUglacsag

mfuel (kg/s)
#— Qload=40000W
#— DP_AO(

04 0,6
mfuel (kg/s)
#— Qload=40000W

Qload=60000W

Udi Od 8Byl U )8 U@ o Yo Uq

20 25

#— Qload=60000W

Ues g

Qload=60000W

UQd Ud By RIU Q3 Ug-aYoa Uq

08

Qload=60000W

Us g

FOC_Q (W)

20000

FOC_Q (W)

15000

10000

0 5 10 15 2

mair (kg/s)
000W —e— Qload=40000W ®— Qload=60000W

3 - . B © * ° o v
= = *— < v
10 15 20

mair (kg/s)
d=20000W @ Qload=40000W

d=80000W *— DP_FO(

-
o—o
v
—2*
S
-
‘ . o—o—*
T
0 0,2 0,4 ),6 08
mfuel (kg/s)
#— Qload=40000W ®— Qload=60000W
Qload=80000W #— DP_FO(

)6
0,5
04
03
o' 0
o
=
02
),1
0 02 04 0,6 08 1
mfuel (kg/s)
—&— Qload=20000W #— Qload=40000W ®— Qload=60000W
Qload=80000W —DP_FO(

bUde @i

UOseUUYaaUgldd

U

o

GdgsUj UelGUs

G0

Udd

ayYdU



UL UeOU) soyiZi oBawWdd c e 3 Uy a¥ 357

gU; Ue U0, 5 o yTHIS1U sy 20/80d d

Aoc_Q(w)
FOC_Q (W)

mair (kg/s)

mair (kg/s)

®—DP F

Fcesliz 0U0Ubseae UQdUdBadRUHE UdoayvYolUd GgsUy UedUs Udd

e e e e

FOC_e(-)

AOC_e(-)

ki
mals (ka/s) o —e—Qload-2 load-RAHE/)

—o— ad OOW ° v 10 =6 W
®— DP_AOC Mload=80000W ©

Feeslid z00Ubesae Usg bUdeesi UselUUyvealUglidd U U a¥YdO

Uy, U

Fee s GUUbsoae UddQuld;enydly UllgUaayva Ud Gga3 Uy UeadlUs Udd

Feesls z00Ubeae Usg bUdesi UsaceUUYeaalUglidd U U oaYdU

aUglacsag

































































































































