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Today’s Agenda — Session 5

= Evaporator Basics

= Troubleshooting Problems

= Valve Groups

= Evaporator Tool and Check Sheet
*Q&A
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Session 5: Evaporators

Evaporator Types and Control Basics

Liquid Recirculated or Overfeed

Liquid and vapor To compressor
—_—

Typically a
centrifugal
pump. Philips]
pumper drum
design uses

gas pressure

Balancing valve Mechanical or
gas-pressure
Solenocid valve pump
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Liquid Overfeed Evaporator Capacity Control

Capacity Control
a) Constant fan
operation (cycle
liquid solenoid)
b) Fan cycling
c) Variable speed -
VFDs
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Fans—Variable Torque Loads

Fans follow “affinity” or “cubic” law

= Example at 50% speed: capacity is 50%, power is 12.5%

Variable Torque Loads
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Torque & Power
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Individual vs. Group VFD Control
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Individual Evaporator Control

Evaporator 1: Evaporator 2:
100% speed = 0% speed =
10 hp 0 hp

Case 1: 10 hp total
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VFED Grouped Fan Control
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~15% power at
50% speed

§

L1

0% 1% 0%  30%  40%  S0%  60%  70%  BO%

% Speed and Capacity

g

Bl ENERGY

12

VFD Grouped Fan Control

Evaporator 1: Evaporator 2:

50% speed = 50% speed =
1.5 hp 1.5 hp

Case 2: 3 hp total
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Flooded Design
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Flooded Design

Flooded
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Sample Flooded Coil




Direct Expansion

High-pressure Superheat-controlled expansion valve
liquid refrigerant /

To compressor suction Superheat begins
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Direct Expansion

Direct Expansion
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Typical Evaporator Configurations

Penthouse Ceiling Hung
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TS1 TXV Pressure Differential?
Tom Simenc, 11/9/2020



Typical Evaporator Configurations

Freeze Tunnel Spiral Freezer
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Flooded Liquid Cooling Evaporators

® Shell and tube

= Plate and frame

= Falling film

= |ce builders
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Liquid Cooling

= Tighter approaches with
liquid cooling, 5-6°F

= Back pressure regulator
controls common

= Fixed regulator or motorized
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Liquid Pumping

MBetter
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P Better What type of evaporator is this?
‘ Plants EVAPORATOR QUESTION CARD #01
Prassiirs What could be used for
Regulator temperature controls?
o

Liquid and vapor
return from evaporator

M Better What type of evaporator is this?

@ Plants

EVAPORATOR QUESTION CARD #03
What could be used for
temperature controls?

High-pressure
liquid refrigerant

/Superheat{ontrolled expansion valve

Evaporator
Sensing

T K T T :@
<[

bulb
To compressor suction Superheat begins




Better What is the total evaporator power draw?

Plants. EVAPORATOR QUESTION GARD #08

5 x 1 hp fans, each at 90% Speed

Better Which scenario provides more capacity?

Plants EVAPORATOR QUESTION CARD #10

Scenario 1

Scenario 2
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Identify and Troubleshoot Poor Performance
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Impact of Poor Evaporator Performance

» Loose temperature control

» Lower suction pressure (more lift)
» More fan operation

» Increased system power
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Three Keys of Evaporator Performance
Liquid
Suction
Air
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Contaminants—Water

= Gives a temperature penalty
= Forces lower suction (more lift)

Higher Temperatures Due To Water

Suction PERCENT WATER
Pressure 2.5% | 5%
44.1 Psig a0 | af®
20.4 Psig 17.0° | 17.5°
0 Psig 275° | 2
89" Hg -40° | -39° |-375°
s ENERGY
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Contaminants—Oil

= Reduces evaporator capacity
= Especially bad for DX coils

= Can cause defrost problems
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Valve and Regulator Descriptions

1 - Hot Gas Supply Solenoid Valve
2a — Suction Stop Valve

2b — Suction Stop Pilot Solenoid Valve
3 - Bleed Down Solenoid Valve

4 - Liquid Supply Hand Expansion Valve -
5 — Liquid Supply Check Valve

6 — Liquid Supply Solenoid Valve

7 — Hot Gas Defrost Relief Regulator

S i ﬂl\)’
N -
L fepyte
(4 o

—

TETar

z

Poll: What Valves Cause You The Most Problems?
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Hot Gas Solenoid Valve

Hanging open?
= False loading
= Reduced coil _‘;@ J

performance al g’ |
= “.|
—

~ 2 il
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Suction Stop Valve

To operate properly:
= Needs adequate pilot
pressure

= And differential between  [—< [;]
coil and line pressure %
% § L E-} &

— | g
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Suction Stop Valve

Frdsine Pilot
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Coil pressure —y

Spring causes valve to open
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Suction Stop Pilot Solenoid Valve

Stuck Open-suction restricted ol
during refrigeration ety

Stuck Closed-suction stop
valve won't close, massive
false load during defrost
s - X
s § 3
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Bleed-down Solenoid Valve

Possible source of false - ‘
loading during defrost

=
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Liquid Hand Expansion Valves

Normally adjusted

for maximum air
temperature drop at —ok
typical fan speeds
[
IO
| o B

s ENERGY

43

14



HEV Too Restricted

Shaded region
= Superheat

= Uneven or little
frost E
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HEV Too Open

= May over-pressure coil
(think T/P relationship)

= May deprive other coils
of liquid

=l
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Liquid Supply Check Valve

= Failed check valve allows .
hot gas backflow into liquid s
line which hurts defrost
performance

= May disrupt liquid flow to
other coils

=
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Liquid Solenoid Valve

= Needs to open and
close (completely)!

=
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Liquid Solenoid Valve Not Fully Opening

= May appear similar

to restricted HEV E"
= Reduced coil £ |

performance

P » X P
% § Y @
‘—._
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Liquid Solenoid Valve Not Fully Closing

= Coil may have icing problems
= Always cooling, but not

accumulating runtime
= Simultaneously feeds

hot gas and liquid
during defrost
X
% §
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What's Wrong With This Picture?

Better
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What's Wrong With This Picture?

What's Wrong With This Picture?

What's Wrong With This Picture?
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Evaporator Tool Review

Plants | energy Efficiency Tool

@Better Ammonia Refrigeration
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Evaporator Check Sheet

Evaporator Check Defrost Check

|

g‘eatxg Please email to tom.simenc@cascadeenergy.com ENERGY
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Next Steps

- Continue developing your list of energy saving
opportunities!

- Talk with your team about what to focus on first.
- Any top priorities? What can you get done now?

Stick around after this to ask questions!
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Open for
Questions!

« Unmute yourself and ask away

+ Send a chat

« Email: steve.koski@cascadeenergy.com
tom.simenc@cascadeenergy.com
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End of

Session 5
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