Nnew sensor technologies
optimize evaporator performance on both DX, flooded
and pump circulation systems.

Semi Flooded
Operation
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Aircraft & Automobile technology in comparison with a cooling system shows that we are
far behind in using sensors for energy optimization and increased safety.

Controlled by air flow and Controlled by vacum sensors
knocking sensors
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Turbo chargers
approx 1970

Electronic injection approx 1960

Suction
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Demand Defrost Control
Measuring Ice Thickness

Pt1000 sensor
LT and MT
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Zero Super-Heat Control
Measuring Vapor Dryness




Introduction

7 years of cooperation with leading pioneers in the design of
Low Charge Ammonia systems has proved, that the key to the
future's evaporator control is now ready to optimize all types of
systems with High Safety and Increased System Efficiency.

= Measures Vapor Quality (dryness) and phase of the refrigerant
= Measuring ice thickness on the evaporator surface
= Works as an electronic sight glass
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Capacitive Sensing Technology
Capacitors are designed with minimum two conducting plates separated by a
non-conductive media (Vapor and liquid mixture). Hereby the ratio between
vapor and liquid amounts is measured without delay, as a volume based Void

Fraction measurement.

Dielectric constant

Is a unique value on a scale of 1 to 100. The value
can be used as a media’s DNA, because it's unique
and related to the molecular structure/polarization

Where Cis the charge stored in Farad
q is the sensing area in m2

€, is the dielectric constant, dry air

& is the dielectric constant, media

1 is the length of the coaxial sensor

N
1 Capacitor (C)
Resistor (R)
Battery ++ + 7~
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Sensor area

Coaxial sensor design

Media & dielectric constant of
Ammonia | Liquid, 17 to 25
CO2 Liquid, 1.4to1.7
Ice Solid black, 3.2
Air/Vapor Dry gas, 1.0

g, varies with temperature and pressure

Void fraction
» Ratio of vapour cross section and total cross section

t_ = A"’ A ~ J




Flow vs. capacitance

i | | A Comparison
osll | between flow
pattern and the
06 Intermittent capacitive
§ | T e o measurement
- 0-4-" M o~ S e signal shows a
n_ﬂﬁ‘ﬁﬂ*ﬁ% il Annular/Stratified strong relationship.
| i

UI- r . r s I . : I3 \ I- il - - - -
0

time [s]

The figure above shows flow vs. capacitance (C,__, ) for different flow
patterns measured at Gent University. For two phase flow, the dielectric
constant of both phases, strongly influences the measured capacity.
Therefore, the dielectric constants of both phases are derived from actual

measurements of the capacitive signal in pF (De Kerpel, 2013). m




Zero Superheat Control

h log p diagram

Green shows "X" Vapor Control
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Coefficient of heat trans-

Zero Superheat Control

Savings:
B Energv .......... }20%
Installation--- »30%

Maintenance >30%

Semi Flooded
Operation

DX Operation
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Semi flooded operation ensures
optimal efficiency as the entire
evaporator area is wet for
enabling the best possible heat
transfer.

* |Increased evaporation temperature
= Lower discharge temperature

= Optimal performance in all climates
= Compressor protection

Sensor dry out time after stop/defrost with ramp function for safe valve
- operation
Vapor Quality
myn
A Low Limit Alarm at "X" 0.90
Wet sensor : e ey
Closing the liquid Valve to mini-
mum Valve opening (time con-
— 100%
V. Speed 2 V. Speed 1 trolled)
r— e e >
Start with i | - el
wet sensor| ;
V. Speed 2 V. Speed 1 E0%
— 40%
LL Alarm,..0.90
20%
o :
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i Time
ONS— Valve Close
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The sensor has built-in advanced control where it is
possible to control all types of evaporators,
expansion valve open and closing times, Start-up
with ramp function and sensor drying ensure secure
startup, low limit safety alarm for fast closing of the

liquid valve to minimum opening.




Low Charge DX systems

The technology allows design and safe operation of Ultra Low
Charge DX System when using Ammonia and CO2 as refrigerant

e Charge reduction up to 1000

h log p diagram

times(NXTCOLD Ultra-Low Charge

Liquid/Saturated
Vapor
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Green shows "X”Vapor Control

Red shows Superheat Control

Ammonia Technology). L

e Water content is no barrier for the

measurement ( *1% Water affects the

boiling point +5°K (False Super-Heat)). % / // / /

e Zero Super Heat Control.

J /
Enthalpy
Span
10 to 30pF
20mA 4AmA

* Increased suction pressure.

* Energy Saving up to 25% (wet suction). *Reference. Colmac Coil HB




Low Charge Ammonia

The desire to use the World’s most energy-efficient refrigerant Ammonia in DX-designed
refrigeration systems, has led to many challenges and has rightfully earned the reputation
of being a poor solution that does not always work well. Thanks to new sensor
technology, it's now possible to design an ammonia DX system, even more energy
efficient than flooded and pump circulation systems.

Optimal and safe operation at low temperature in combination with Vapor Quality Control
is obtained by using liquid distribution that works by gravity, designed as small
tanks/pots without pressure drop as an Kiiba-CAL and Colmac Coil tank distributor
system.

Cold store in Melbourne:

* 60kW: 3 DX evaporators -31°C/-24°F
charge: 1.42kg/3Ib per evaporator.
37kW: 1 DX evaporator -3°C/26.6°F
charge 2.5kg/5lb.

e 58kW: 2 DX evaporators, - 3°C/26.6°F
charge 4.4kg/9lb per evaporator.
Reference: SCANTEC, Australia

DX Air-cooler with tank distributer H B m




Optimum Vapor Control

By controlling the circulation rate it's possible to minimize pressure drop in

risers and wet suction lines. Test has shown, that the freezing capacity, is not

affected by reduce the circulation rate down to CR1.5 (“X” 0.67) on existent

systems.

Charge Reduction.
Expanding freezing capacity with

existent liquid separators.

Enabling optimised Riser Control.

Optimised Freezing Capacity.
Smart Control of Batch Freezers.
Measuring range, “X” 0.5 to 1.0.
Energy Saving up to 25%.

h log p diagram
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HBX-OVC sensor
Slope piping

Mounting in a Tee
Installation example /

= )

HBX-OVC-ST
Sensor

Smart Riser Control:

By measuring the Vapor Quality and
control the refrigerant feed according to
the evaporator load, it's possible to
optimize the riser function and ensure
minimum pressure drop with optimal
freezing capacity during part load
operation.

reduced pipe size H B

Freezer Liquid feed valve

\




Field-test at Claus S@rensen A/S:

Pump circulation.

Clear reflections of flow patterns in
measurements.

Alignment between measured flow
and pipe-icing.

Four HBX-OVC Sensors
mounted on the top of an
8m riser-pipe

5/2-16 - 7/2-16

Active freezers (1 to 9)

Riser 2 showing

p.['c]

X_riser, tem
o
(=]

Annular flow

| Riser 1 showing slug
flow, indicating non
homogenous liquid-
feed
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Temperature
60
38.200 30,000 30,200 29.400 39,600 39.800
#olflog
——TUNZ_DX_RISER_2 ——TUNZ_DX_RISER_1 SCADAD3_TUNZ_RUMTEMP

Riser 1 showing a
starved Evaporator

40,000 40,200

——TUN_ANTAL_ON

The riser-test is performed by Danish Technological Institute

1[.




Ammonia heat-pump, 100kW:
Test of the HB-Products Vapor
Quality Sensor as well as an
efficiency analysis of a direct-
expansion R717 refrigeration
system with gas quality sensor
in comparison to superheat
control.

Energy Efficiency Ratio:

At 14°C evaporation
temperature, control variables
of X =98 % and Toh =1,5K,
load 100%. For maximum
cooling load there was an EER
increase of 18,6% possible (EER
= Energy efficiency Ratio).

Validation by Oliver Kacic

NH;-Outlet T T - T Brine outlet
L "@ (=) system boundary
HEinice Brine inlet
For 86,5 kW
3,75 kW less
electric energy

EER in kwW/kw

Vapor Quality
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Mechatronik
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Conclusion: It is a great advantage to apply the Vapor Quality principle for
controlling plate heat exchangers. Both DX and flooded systems can be

controlled very accurately with homogeneous vapor quality and very small
pressure variations as a consequence.

Bachelor thesis by Oliver Kacic, Karlsruhe University




Transavia in Romania, the leader in poultry industry

Installing new chilling line and converted existing cooling and freezing tunnels in order to
minimize the pressure drop in the wet suction lines, and lower the refrigerant charge by using

HBX-OVC Vapor Quality sensors in the evaporator outlet.

% B!Efﬂ'.‘.,!ﬁ

Vi ajutam 53 reduceti costurile 5i 58 faceti economii

= 18 pcs evaporators 50kW (-10C), for the new chilling line is used Cabero Heat Exchangers

Type IEHSA 10 E 2/91.ECZ-2600A-A-X, circulation rate 1.1

= 12 pcs evaporators 79,1kW (-40C), 8 pcs evaporators 70kW (-10C)
= The system is designet by AB Tehnic , Adrian Balaoi. HB




Transavia in Romania, the leader in poultry industry

‘WinCC SCADA System - Abator TRANSAVIA

TUNEL ZVANTARE 2 (evap. 13-16)

#L‘ser Logged : Admin

9/21/2018

EVAPORATOR 13: 3.0 °C > EVAPORATOR 14: 3.7 °C >

PT

@
;

| EVAPORATOR 16: 2.5 °C >

PT

| | PARAMETRII AER CAMERA PARAMETRII VENTILATOARE

Parametrii Aer: 28°C

PARAMETRII DEGIVRARE

Durata Faza 1 Degivrare (Uscare) © 20 min

Mod Postventilare Evaporatoare : ACTIVAT

| | SETARI >> Durata Postventilare Evaporatoare : 300 sec

The type of liquid control valves are Danfoss AKVA, pulse modulating, Ammonia pump pressure 3bar

Settings of the desired dryness is set to "X" 0.9, (CR1.1).
Observations showed that there was a good correlation between the evaporator

performance and the dryness of the refrigerant/vapor in the outlet of the evaporator. PI'OdIIti'S




Low Charge Ammonia system designed by the Air-Handling specialist

VOETS & DONKERS in the Nederlands, 13-14.09.2017

—————
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Suction '
Siemens ; - Filter

Rising pipe i
- MV 5661

- e

Length app. 1m

Kv: 0.1

Air-Cooler 38KW no. 05-11

There was a good relation to the Super-Heat

in the range 0.5 to 2°K.




INOVATION

Future cooling systems can be optimized by using sensors for controlling and
monitoring of many processes in a new smart way

THE NEXT BIG THING IN

REFRIGERATION

Batch Freezing
Remate input

g

SAVING

C€02...NH3....PROPANE....HFO....HFC

ZERO SUPER-HEAT CONTROL

Vapor Quality

Start/Stop HBX sensor "X" Evaporator Load Refrigerant SAVING
Master Control Flow sensor temperature
measurement measurement

SEMI FLOODED OPERATION

— Def o " Temp. inlst Evaporator

rost on Deman
Airfliquid temperature
HBDF sensor Advanced Evaporator Temp. Qutlet AT INJOUT
Control
ONLY DEFROST WHEN NEEDED RS485/MOD-BUS Evaporator data:
Perfarmance
MOD-BUS Al “t, kw/cop
) _—
i
Defrost-Control

%)%

UPTIME AND EFFICIENCY
IN THE REFRIGERATION INDUSTRY LS EElE L e L A e o e LR N L E T

1. 4-20ma, modulating

Expansion Valve
2. Stepper-motor

Relay Box

3. PWM, E’ 5 % Relay output
[pulse modulating valve)
WE INCREASE Future evaporator control: AEC controls the refrigerant phase accor-

ding to the load and ensures maximum heat transfer and thus highest

HBX-EFD
Master
Controller

Distribute the refrigerant evenly at all loads
depending on dryness of the vapor

HBX-EFD

HBVFS

Flow Sensor HBSLC Level

Sensor

HBX-OVC-ST
Sensor




Facts & Summery

600 HBX sensors is sold and installed World Wide, It’s extremely robust with molded-In electronic
and built-in heating element to avoid stress and condensation.
The setting is simple and can be delivered as a plug and play unit.

e Allows design of safe Ammonia & CO2 DX system, with zero superheat control.

e Semi Flooded evaporator operation ensures optimum heat transfer at all loads.

e By controlling the circulation rate it's possible to minimize pressure drop in risers and wet
suction lines.

* Energy saving > 20% - Lower discharge temperature — Optimal performance in all climates.

* Lower installation cost — Compressor protection — Closed loop evaporator control.

Tank liquid
distributer

Our recommendation for optimal
and safe operation in combination
with Vapor Quality Control for low
temperature NH3 DX evaporators is
to use liquid distribution works by
gravity, designed as small tanks/pots
without pressure drop as Kiiba CAL
and Colmac Coil tank distributor.

-




And now, questions please
7 years with NH3 and 1 year with CO2

A statement from the world's leading Low Charge
Ammonia company Scantec in Australia:

Using electronically controlled refrigerant injection
based on refrigerant Vapor Quality at evaporator exit
for optimized evaporator performances:

Positive superheat for 0.95 < X < 0.99

X (Quality based) control more stable than superheat
based

Holding freezer temperature at -22°C for -27.9°C SST

A statement from the world's leading heat
exchanger company Alfa Laval:

“To obtain optimum heat transfer adopt a Vapor
Quality Sensor in the outlet.”

Optimum circulations rate (flooded) ”X” 0.7 to

0.85....CR1.2to 1.4
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m WE INCREASE UPTIME,
| SAFETY AND EFFICIENCY
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Day1l Program, Day 2 Program, Day 3
Tuesday October 16 2018 Wednesday October 17 2018 Thursday October 18 2018

10.30 @ HB Products HB HB Products Scantec Refigeration

Claus Munkholm Martin Mozart v Technologles PTY LTD
Title: Title: - Stefan Jensen
“Defrost on demand, HBDF Advanced Evaporator Control, Title:
How to optimize defrosting cycles and MOD-BUS with HBX & HBDF sensors “High Performance Energy with Low
intervals and obtain big savings Charge NHz Systems”

11.30 HB Products f EKA, specialized N oA Hochschule Karlsruhe e
Michael Elstrem HB in CO; technology A4 AN EKA Oliver Kacic MMT
Title: \ Jorgen Rogstam Title:
New sensor technology optimizes Title: Bachelor thesis, efficiency analysis

evaporator performance especially Practical aspects of low superheat of a DX R717 refrigeration system with
during part load on both DX, flooded and pe P Vapor Quality Sensor in comparison to

pump circulation systems. contiol and experiments| test of 8 CO Superheat control.

Systems.
13.30 HB Products H B HB Products H B ” Hochschule Karlsruhe et
Martin Mozart > Michael Elstrom Oliver Kacic MMT
Title: . Title: ' Title:
Advanced Evaporator Control, New sensor technology optimizes Bachelor thesis, efficiency analysis
MOD-BUS with HBX & HBDF sensors evaporator performance especially of a DX R717 refrigeration system with
during part load on both DX, flooded Vapor Quality Sensor in comparison to
and pump circulation systems. Superheat control.
15.00 Scantec Refigeration HB Products HB HB Products HB
Technologies PTY LTD @ Claus Munkholm Michael Elstrom
Stefan Jensen . Title: Title:
Title: ‘ “Defrost on demand, HBDF New sensor technolegy optimizes
“High Performance Energy with Low How to optimize defrosting cycles and evaporator performance especially

Charge NH3 Systems” intervals and obtain big savings during part load on both DX, flooded and

pump circulation systems.
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