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BSPL battery thermal comfort products

AGO1 series — Off-highway ACO7 series — On-highway AGO?2 series — Off-highway
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ACO7 configuration

e Active cooling based on refrigerant cycle

* Passive cooling based on coolant to air heat exchanger

* Heating based on electric heater
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Test results
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Tests in few steps:

- Component verification

- BTMS parameters at different conditions
with manual control

- BTMS control algorithm in automatic mode
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First step of KULI model — component models

Data from supplier
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@ Compressor [BM80_comp_ac_test BW_2_1.kulicom]

2COM File Extras

02a 8

Data needed in KULI

In Out [2) General data Charac. curves Control characteristic

@ Characteristic curves based model
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ol x 13D Data
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(O Analytical based model

Compressor Volumetric Isentropic
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Model of AC circuit only

Simulation parameters

6.TUB 7.BND 1CND[l]  6.BND 5TUB 1.nFan
5.7UB 4 BND
47UB
S - ) AR_condenser1
2. nFan
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2ACPHE[] 2TUB"

t: superheating |
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Ot ]
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Example of results for model of AC circuit

log(pressure) p [bar]

f

(Condenser [Candenser_BW.cnd]
File Extras
Iteration no. 15 e
[ General data T Connections B Geametric properties Inner side &5 Geometric properties Outer side 4§ Outer flow T§ Adjustment
successfully balanced! et e
: Geometry of Tube Examples Tube  Pipe
P Number of pipe rows 1 1 Pipe Row: 4 Pipe Rows @ Wall Thickness
o Wall Thickness [mm] 03 2 Pipe Rows, 2 Fins/Pipe
\
\ 2 Pipe Rows, 4 Fins/Pipe O
p 1
’
/
/ G try of Pi
/ eometry of Pipe
| O Circular ® Non circular
h " 461 6 Fin not divided
| Pipe cross-section [mm?] 795 No. of longitudinal fins n [-] 22 8 n=2
! p: 13.97 Wetted perimeter [mm 1766 Fin thickness s [mm| 01 =
Inner tube height [mm] 24
I
/ Pipe roughness [mm] 0002
| ‘ ‘
f
< Fitting value for inside heat transfer -] 06
| Fitting value for inside pressure loss [ [ 1
/
| v
|

h:278.5
p: 2.62

spec. enthalpy

[ h:398.4

p: 2.19

m™ 184.5

h [kJ/kg]

Fitting value for inside heat transfer [-]

Fitting value for inside pressure loss [-]

m” [kg/h], T [°C]
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3.CND [I]

log(pressure) p [bar]

Iteration no. 13
successfully balanced!

p ~

| h: 461.7
p:13.12

h:262.3"
p:2.21

h: 396.0

p: 1.89
| m:162.4

spec. enthalpy h' [kJ/kg]

m’ [kg/h], T [°C]




Model of whole BTMS circuit

CND 1]

8.BND

Simulation parameters
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Model of whole BTMS vs AC circult

1.4/C "[R134a ECS]: AC

log(pressure) p [bar]

h:270.6 /

p:14.81 /

55,

50,
Condenser 2

v

45,
40,

35,

Condenser 1

successfully balanced!

/

e

h: 463.9
p: 14.91

h: 2706 /

h: 398.1
p:2.14
m:227.6

} >

bspl.

spec. enthalpy h [kJ/kg]
m’ [kg/h], T[°C]
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30,

25,

20,

15,

10,

o

2,43

8,14
I 573 649

System with radiator

46,8 46,9
Condenser 2

«

Condenser 1

<

598 58 602 611

System without radiator

M Exit temperature IM [C] 52,3 46,8
M Exit temperature IM [C] 46,6 46,9
M Subcooling temperature IM [K] 2,43 5,98
B Subcooling temperature IM [K] 8,14 58
B Thermal output IM [kW] 5,73 6,02
B Thermal output IM [kW] 6,49 6,11

Superheating temperature K 5,2 3,3

PHE Entry vapour quantity - 0,37 0,35

Thermal output kW 8,06 8,01

evaporator
Entry temperature OM °C 16,8 15,9
Exit temperature OM °C 10,8 9,9

log(pressure) p [bar]

successfully balanced!

h: 266.7 h:462.7
p: 14.09 p:14.19
h:266.7°

p:2.74

spec. enthalpy h [kJ/kg]
m’ [kg/h], T [°C]



PHE evaporator

20,
PHE evaporator

16,
12,
8,
3.ACPHE [I] ]
3ACPHE[O] ™

In Out
0,

M Coolant entry temperature [C]
B Coolant exit temperature [C]
B Thermal output [kW]

M R134a Superheating temp. [K]

BSPL 1 Sp. z 0.0.

16,79
10,79

8,06
I |

Outer entry temp. 30 deg C
16,79
10,79
8,06
5,2
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B9 AC Plate Heat Exchanger {chiiler BBLASKI0_BW, 4 ailiacphe)

File ©aras
ML)
[ Gerersi dota T Configuration #P Measired dasta
Haat defisiion by et Outer. | Exchanged et Outer inner entry | inner entry | | Outerentry || Outer entry |Ertor Exchanged| Enor Inner | Error Outer
@ Exchanged heat (abs) Now rate Tlow rate heat (abs]  pressure drop | pressire drop enthalpy pressure temperature pressure Heat | Pressure Drop | Pressure Drop
perate [ sl - (k9a).. 9. k). oar. ra- Pl %} T T
hatoy 0035 | 035906 | 526339 13598 121152 260 3 3 1200 7
005 | 044523 | 751913 225405 20955 260 4 30 1200
0065 | 061014 | 977485 33.2%91 318936 260 4 30 1200
00s | or7en ! 120306 45.5272 429386 4 30 1200
pae 12 Outer entry
o temperature temperature
0 ['C]... [oc]m
12,66 30
30
m) =] 30
p ratio %] [10 30
UTDATED X
8,07 I glycot [%] [s0
6,62
VC '[R134a ECS] : AC circuit’ 1.A/C"[R134a ECS] : A
lteration no. 15 Iteration no. 17
72 successfully balanced! successfully balanced!
h:271.5 h: 463.2 h:277.8 n 466.5
p: 14.56 p: 14.67 p:15.83 p:15.98
Outer entry temp. 25 deg C g g
12,66 o o
6,62 0 °
3 =]
8,07 a @
o 2
4,72 o =
Z g
/ h:277.8
h:271.5 p: 3.24
p:2.87 h: 398.0
p:2.12
/ m":273.5

spec. enthalpy h [kJ/kg]
m’ [kg/h], T [°C]

spec. enthalpy h [kJ/kg]
m’ [kg/h], T [°C]






Why KULI + Matlab & Simulink

DIGITALIZATION

Asset Health

9,
DATA ANALYTICS
Thermal | @
Management X
Objectives

Time

Complex requirements

, Softwareization” Additional features

[ |

Code generation
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Our approach
4. System ’

3. Device

.
I
Here we are ./(
000 |
00
.
iy

2. Module
h

1. Function )
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FMU & Simulink setup

@ iy a

Compressar speed_cantrol

4700

* Inputs
* Fan RPM L=~ ~
e Compressor RPM _
* Pump Flowrate —
 Thermal load ]
 Ambient temperature ]

o data yet| Cadlant out

no data yet| Compressor owe|

no data yet Compreesqr HF

BTMS modsl %

* Qutputs
e Coolant outlet temperature
* Compressor power consumption
* HP Pressure

Focus on Active cooling
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Control example - P

30— I —
Coolant out
20— Compressor power ]
Compressor HP
10 —
0 —
-10— |

Battery load
\ \ \ \ \ | | |

Battery load

Compressor speed_control

I

50001 ‘ ‘ ‘ ‘ ‘ | | | ‘ Compressor speed_control ]
4500— —
4000 —
3500 ’_U_LL‘_‘ —
3000 —
1 u H o fﬁh =
0 50 100 150 200 250 300 350 400 450 500
Offset=0
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Control example — Pl

Parameter impact analysis

Battery load
T Ti00 13 W Compressor speed_control B Compressor speed_control
2 6000 |BOODD }—,1
1
!
[
4000
f
3
2000
0
0 @ 100 150 200 250 300 350 400 450 500 550 600 650 700 750 200 850 000 850 1000 [] EEd 5 5o 200 2% 300 250 40 450 500 550 600 650 700 750 8OO
B Compressor speed_control MW Coolant out ® Coolant out W Target_temp:1
8000 5000.0
100
4000
50
2000
0 - —

40 450 500 550 00 850 70D 750 80O

0 EEXJ oc 50 200 250 =00 3o 400 450 S0 550 @00 60 700 750 800 850 800 @50 1000

® Coolant out ™ Target_temp:1

@M.M
=
100 -
o
g
W
e
]
[55] TpEryT—— ™
[a]
— i — e — sl
"
| B
o EEXJ ©c 10 200 250 =00 3o 400 450 G0 550 @00 850 700 750 800 850 600 950 1000 . '

Max dT = 3K
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Comparison

W Battery load

#include <stdlib.h>
#include <stdio.h>
#include <stdbool.h>

ol I _ [o1] |

0 E 100 R 170.0 ED 250 300 350 400 450 500 550

struct stats { int count; int sum; int sum_squares; };
W Compressor speed_control B Compressor speed_control

8000 4=

void stats_update(struct stats * s, int x, bool reset) {
if (s == NULL) return;
if (reset) * s = (struct stats) { @, o, @ };
s->count += 1;

s 1 1 S->sum += X;

] - L L L 1 s->sum_squares += X * X;

}

double mean(int data[], size t len) {
struct stats s;
for (int i = @; i < len; ++i)
stats_update(&s, data[i], i == @);
return ((double)s.sum) / ((double)s.count);

o4 ‘;[”_ = :'::]' .;=. .;_ f:. B

70000 | |[]] Y .

0 0 100 ™ 170.0 JENT) 250 ato 250 400 450 500 550

}

void main() {
int data[]l = {1, 2, 3, 4, 5, 6 };
printf("MEAN = %1f\n", mean(data, sizeof(data) / sizeof(c

M Coolant out ® Coolant out W Target_temp:1

0 50 100 B 170.0 ED 250 200 350 400 450 500 550
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Controls evolution

Model Predictive Control

Game changer

PID Model based
PID

Proportional digital
Proportional Bimetal

ON/OFF Bimetal

Continous on
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Future BTMS controls

Noise
Max. Current consumption

Currentconsumption

+
batt. temperature

Optimizer

Battery pack

predicted battery temp— Model

c-rate

additional model inputs

r

BMS

PAST FUTURE

A "

—+— Reference Trajectory
—e— Predicted Output
—+—  Measured Output

Predicted Control Input
—— Past Control Input

A

Prediction Horizon
< »

«——»
Sample Time

kK k#l k+2 k+p

bs l BSPL 1 Sp. z 0.0.
® ul. Pileckiego 8, 32-050 Skawina

output—

Potential opeation comparison




Short Summary & Thank you!
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