5 Measurement Systems

5.1 Speed, Forces and Torque

5.2 Exhaust Gas Analysis

5.3 Temperatures, Pressures and Flows

5.4 Combustion Analysis
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Temperatures, Pressures and Flows
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Temperatures, Pressures and Flows
Practical Arrangement of Instrumentation

Profibus
CAN
Ethernet

ADC Inter ||
face

Inter |
Further face

Analog
Instru-
mentation

Eurther ADC: Analog Digital Converter

Digital
Instru-
mentation
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5.3.1 Temperatures, Pressures and Flows

9.3.1 Temperature Measurement

5.3.2 Pressure Measurement

5.3.3 Flow Measurement
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Temperatures

Temperatures (Examples)

* Inlet Manifold -20 °C ...60 °C
* Boost Air -20 °C ... 250 °C
« Exhaust Gas 0°C...1000 °C
 Cylinder > 1000 °C

* Fuel -20°C ... 100 °C
 Coolant -20 °C ... 150 °C
« Ol -20°C ... 150 °C
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Temperatures

Temperature Sensors

* PTC (Positive Temperature Coefficient, R increases with T)

- Ceramic PTC
- Silicon PTC
- Metal PTC

« NTC (Negative Temperature Coefficient, R decreases with T)

« Thermocouples (U increases with T)

e Touchless Sensors

O X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X1 X2 X13 X14 X15 X16 )

- P ~~ o P P P P N POWER =
1 ] ! | o | 1 | / 4 ! [ } (

o Lhihliftiif@ee@e@@e@@®@™ o

O @SCHENCK CANSAS-SDT18 (0

Source: Horiba
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Temperatures

Metal PTC

Platinum PTC
(e.g. PT100 with 100 Q @ 0 °C)

Source: Heraeus Sensor Technology GmbH, Kleinostheim (Yageo)
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Temperatures

Thermocouples

Thermoelectric series

;a::r Type K Voltage / mV
eference (at IDIU oC)
| | ] AN
Bi ConstantanAlumelPt Cu Fe Chromel Te
-6,5 -3,6 -1,30 0,81,8 2,8 50
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Temperatures

Thermocouples

Cold Junction Problem

Cold Junctions

Metal

Metal 2

Electronic Box

additonal temperature sensor
for correction
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Temperatures

Thermocouples

K: ... 1250 °C
Standard Type

| ]

KPlug ———— 3;
J: ... 150 °C
Higher Sensitivity than K

S: ... 1600 °C

S Plug

||

5-3-10 11.12.2024 o Prof. Dr.-Ing. Kai Borgeest



Temperatures

Touchless Sensors

Source:
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http://www.dias-infrared.de/

5.3 Temperatures, Pressures and Flows

5.3.1 Temperature Measurement

5.3.2 Pressure Measurement

5.3.3 Flow Measurement
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Pressures

Relative Pressures
(often smaller range, higher accuracy)

« Manifold Air Pressure (MAP) -1 bar ... 1 bar, =4 bar

* Boost Pressure -1 bar ... 4 bar, = 8 bar

» Exhaust Backpressure O bar ... 1 bar, < 3 bar
 Cylinder (Indicator) > 100 bar

 Fuel (Low Pressure) O bar ... 6 bar, < 15 bar
* Fuel (Common Rail) > 3000 bar

* Ol 0 bar ... 16 bar, < 32 bar
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Pressures

Pressure
Module with
Integrated
Transducers

Source: AVL
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Pressures

RFI/EMI Protection Strain Gauge . .
Integral ground plane incorporating Diffused into integrated ~ Wire Bonding
feed-through capacitive filters silicon chip / Stitch bc_>ndmg
connections from
\\ chip to module pin
\ / Etched Cavity

Micro-machined
silicon sensor

Temperature Sensor

On-chip dicde
Circuit Board Pressure Module for optimum
High-spec. components, Stainless steel glass to metal seal with temperature
fully encapsulated Hastelloy isolating diaphragm and silicone fluid fill performance

Source: Druck Itd.
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Pressures

L In-Cylinder
Applications: |re—— Pressure
Max Pressure Measurement

Thermodynamics
Ignition Analysis

i B
.....

Source: FEV
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5.3 Temperatures, Pressures and Flows

5.3.1 Temperature Measurement

5.3.2 Pressure Measurement

5.3.3 Flow Measurement
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Flows

Flows

e Inlet Air
* Boost Air
e EGR

 Exhaust Gas

* Blowby Gas

e Fuel

e Coolant

- Oll
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Flows

A Few Measurement Principles

* Turbine (dV/dt)

* Pressure Differences (dV/dt)

* Thermal (dm/dt)
 Coriolis (dm/dt)
* Runtime (dV/dt)

« Aerosols: Electrostatic

» Fuel Consumption: Tank Monitoring

Source: Wikimedia Commons,
User “Alfaomega”
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Flows

Turbine (for liquids)

Source: Wikimedia Commons, User
“‘Alfaomega”
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Flows

Pressure Difference: Venturi

Continuity Equation:

. . / 2 4
Bernoulli Equation: - - o z
Pae 780, = for3z Qg

1 .., 1 1
— Pressure Difference Ap — V2

A: Cross Sections 2 A22 A12
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Flows

Pressure Difference: Orifice Plate

Orifice plate

> N\

Flow direction |

A
|

Annular slot

Pressure difference Ap

Source: Wikipedia

Pipe wall
ow
» O Flow
1 T —_
l Pipe wall

dy = pipe diameter
d4 = orifice diameter
tdye = vena contracta diameter
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Flows

Blow By Meter with Orifice tubes

Source: AVL
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Flows

Hot Film Meter
(HFM)

Source:

4 Heating Area Robert Bosch GmbH
M1, M2 Measurement Zone
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Flows

I
Hot Wire Anemometer ABB “Sensyflow”

Source: Horiba
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Flows

Principle of Coriolis

Flow Sensor
/ _
/ Electromagnetically
/ M Enforced Motion
/ _I."II ) c \\
.-'If ';:-" —, .I'I
/o A | +
,u" _:I'L._._._._._._._._._._._._._._._._._._._._._._. .-.r-.-,:f-l.-..I.TI!-.-.-.-. TGI"San A}“S
II.-"II / ;"Ir _d.-f’f /:'
VS — e
,|" ! ; -
/ o. v

/ Rigid Mounting
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Flows

Coriolis Fuel Flow Meter in Fuel Conditioning Cabinet

' "'.‘ ! ) ) ; o . 7 |
:\= 1110 2011
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Flows

Coriolis Fuel Flow Meter in Fuel Conditioning Cabinet
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Flows

Runtime (e. g. FEV air flow meter)

dVv Al 1 1

2cos(p)| t;
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