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Who is Jacco

0 Established 1968 7 4
o Hudson, Ohio 5‘
o Columbus, Ohio JACCT
o Toledo, Ohio

o Focused on the Engineered
Environment

nSystems Knowledgeable
oHVAC Systems
nService & Maintenance
nParts




Purpose Statement

The purpose of our Company is to solve our
customers problems, in the most economical way, at
all times optimizing the owning experience.

Application BN
Engingsring

" Ownsr Projsct
Satisfaction Management

Service £

Support

Commissioning
and Training



Who iIs Jacco

o Operations
nBrenda Homjak
oMike Spangler
nChad Russell
oMike Mueller
oHana Lee

o Contractor Owning Experience
nDan Duignan
oRick Baker

o Engineering Owning Experience
nGreg Drensky
nJerry Cohen

o Owning Experience
noBeth Plazak
oJeff Watson



Who iIs Jacco

030 Minute Pledge
o Design
o Questions
o Problems
o Answers

PIENRE




Who iIs Jacco

Upcoming Seminars & Events:

oAaon Split System Trailer

oJuly 11% — Birthday Party at Alley Cat (5-7)

oAugust 15" — DBA Akron (5-7)

nSeptember 12™: Applying Adiabatic and Steam Humidification Systems

nDecember 12™: Applying Low Dewpoint OA Systems Using DX and
Desiccant

Technology



Agenda AAON

o Why Line Sizing Matters?

o Refrigerant Vapor, Liquid, Reheat Line Guidelines 9 |

o AAON Line Sizing Programs ‘
o Split System Line Sizing in ECat ' :
o AAON Engineering Toolkit EES 307 AAON Refrigerant Li'r“m ‘

o Different Scenarios & Applications '_
o Air Cooled w/ Hot Gas Reheat - CU below AHU (suction down
o Air Cooled w/ Hot Gas Reheat - CU above AHU (suction up)
o Air Cooled w/ Tandem Compressors - CU above AHU (suction up) RIP
(m

Heat Pump w/ On/Off Compressors - CU below AHU (suction down &
up)




Why Line Sizing Matters?

o SAVE THE COMPRESSORS!!

o Design for Proper Liquid Refrigerant Control

o Design for Proper Oil Management

Return oil to compressor
Ensure that only liquid refrigerant enters

the expansion device.

o Minimize system capacity loss



Why Line Sizing Matters?

o What is my Design Priority???

o Design for Maximum Capacity (saves operating costs)

o Design for Minimum Cost (saves installation costs)

o Design for Minimum Power Consumption (low pressure drop)

o Design for Minimum Refrigerant Charge (smaller liquid lines)




Line Sizing Considerations
_

o Equipment Location Affects Refrigerant Line Sizing
o Total length of lines, number of elbows, & accessories
o Vertical lift

o Orientation of equipment

= AHU above CU OR AHU below CU

e

Suction «~ ———- Suction Line

Down Liquid Line

|
|
|
|
|
L -




Line Sizing Considerations
_

o System Type is IMPORTANT!
o Cooling Only?
o Cooling with MHGR?
o Single Circuit, Dual Circuit, or 4 Circuits?
o On/Off, Digital, VFD, or Tandem Compressors?
o Heat Pump?
o Heat Pump with MHGR?

Tandem Compressors



Heat Pump Lines ey

_
AC Mode Heat Pump Mode

2 circuits
MHGR
Heat Pump

— — — - Vapor Line (Suction)
.................. Hot Gas Reheat Line
Liquid Line

— — — - Vapor Line (Discharge)
.................. Hot Gas Reheat Llne
Liquid Line



General Piping Requirements

o Use clean Type L copper tubing (ACR)
o Copper-to-copper joints: BCuP-6 without flux
o Copper-to-steel (or brass) joints: BAg-28, non-acid flux

o Properly support piping to account for expansion,
vibration, and weight

o Avoid installing piping underground

o Dirty installation and hard to leak test

o If required: insulate separately, waterproof and protect with hard
casing like PVC.

o Test entire refrigerant circuits for leaks



General Line Sizing Guidelines

o Equivalent Line Length (ELL)

o ELL = vertical length + horizontal length + equivalent length
of components (valves, elbows, etc.)

o *Maximum allowable suction line temperature loss = 6°F

0 Vertical Rise
o *Maximum allowable = 70ft

o Use Air Conditioning and Refrigeration (ACR) Tubing
and Long Radius Fittings

> Short

Long _ Radius

Radius / Elbow
Elbow )

*Additional length and vertical rise may be
allowed upon AAON review and approval.



Line Sizing Procedure

o 1) Determine total length of piping

o 2) Calculate refrigerant velocity at maximum & minimum capacities

o 3) Select largest pipe diameter that results in acceptable velocity at
both maximum & minimum capacities

o 4) Calculate total equivalent length of straight pipe & fittings

o 5) Determine pressure drop due to pipe & fittings

o 6) Add pressure drop due to accessories



Suction Line Sizing

o Ensure adequate velocity to return oil to compressor at all steps of

unloading.
o Avoid excessive noise
o Minimize system capacity and efficiency loss



Suction Line Guidelines VT

Air-Cooled Onl
-*

o CU below AHU ( )
o Fluid Velocity < 4000 fpm

|
o Temperature Loss = up to 6°F
o Insulation = Recommend 17 insulation

o CU above AHU ( )
o Fluid Velocity < 4000 fpm

|

|

|

|
o Temperature Loss = up to 6°F
o Insulation = Recommend 1”7 insulation
o



Suction Line Guidelines VT

Air-Cooled Onl
-*

o If compressor only cycles on & off — only maximum system capacity
need to be considered.

o If variable speed unloading or manifolded compressors are used,
minimum & maximum system capacities need to be considered.

o If more than 1 independent refrigeration circuit, each circuit requires its
own set of refrigerant lines; capacity of each circuit must be considered

separately.



Minimum Velocity
for OIl Return

Table 3 - Minimum Velocity & Tons for R-410A Oil Return
This table does not apply to digital scroll compressors.

Line Mini;num Velocity | Minimum Tons for Oil
oD for Oil Return (fpm) Return (tons)
(in) Su_ct:ion Dis_cha.rge Su.ction Dis_charge
Line* Line** Line* Line**
3/8 253 223 0.09 0.15
1/2 320 261 0.23 0.33
5/8 377 202 0.44 0.60
3/4 427 317 0.72 0.95
7/8 476 341 1.11 1.41
1-1/8 569 384 2.26 2.72
1-3/8 646 419 3.79 4.36
1-5/8 723 451 6.01 6.66
2-1/8 873 512 13.04 13.58
2-5/8 735 559 16.52 22.29
3-1/8 830 606 27.29 35.35
3-5/8 914 646 40.62 50.95
4-1/8 993 682 57.38 69.97
5-1/8 1142 748 102.80 119.6

These are absolute minimum velocities for oil return. Do not design lines at the minimum
velocities due to the many possible operating conditions.



Suction Line Trap Guidelines

Condensing Unit
| iscnarge A. The P-_trap IS necessary on any
T conder B vapor line where refrigerant is
Compressor Coil traveling up i
? Sireat ElDows:

Liquid

Line - “v
» e £ o

S . B. This S-shaped trap is necessary
A= P Every 20 ft suction line up




Suction Line

Other Considerations
—

o Suction line traps are not required by ASHRAE
o Oil droplets are moved inside a pipe by the force of mass flow, not by turbulence
o AAON still requires traps if over 20’ in height
Pitch horizontal sections to drain toward evaporator
Insulate entire suction line
o Prevents condensation
o Minimizes loss of capacity due to heat gain

o Install suction-line filter close to compressor
o Manual shutoff valves allow isolation for replacement

o Install access ports to measure suction pressure and superheat




Discharge Line Sizing

o Design of Discharge line is less critical than Suction line

o Refrigerant vapor is at a higher temperature
o Allows oil to be carried more easily

Ensure adequate velocity to return oil to compressor at all steps of

unloading.
Avoid excessive noise

Minimize efficiency loss



Discharge Line Guidelines —

_ Heat PumEs & Remote Condenser

o CU above AHU ( )
o Fluid Velocity < 3500 fpm

|
o Temperature Loss = up to 6°F
o Insulation = Recommend 17 insulation

o CU below AHU ( )
o Fluid Velocity < 3500 fpm

o Temperature Loss = up to 6°F
o Insulation = Recommend 1”7 insulation
O



Discharge Line Trap Guidelinesaaon>

Remote Condenser sndiienta A. The P-trap is necessary on any
& g Vit vapor line where refrigerant is
....... foast Samgoncron traveling up
i L - (2) Short Radius 45"
- . SteetElbowe 1|
Slope discharge
AT RN LT S
Liquid
Line
.-: |(thps
; . o Bvery 121t . .
B. This S-shaped trap is necessary
; _ Every 12 ft discharge line up
Air Handling Unit
v
4o ... Evaporat ‘ & . :
::m (e b — C. This mvgrted trap Is necessary to
Compressor TV prevent liquid refrigerant from

entering the compressor



Liquid Line Guidelines

O
o Fluid Velocity < 300 fpm if a liquid line
solenoid valve is field installed
o Temp loss = 8°F (w/o additional sub-
cooling)
o Insulation = normally not required but
recommended on heat pump units

Suction Line — — —
Liquid Line




Liquid Line Guidelines

o Charge weight of R-410A in 100ft of liquid line
@ 110F liguid temperature

Line Size (OD) | Ibs of R-410A

3/8” 3.2
1/2” 6.2
5/8” 10.0
3/4” 14.5
7/8” 20.1

11/8” 34.3



Reheat Line Guidelines

o Reheat Line
o Must be sized for 100% mass flow
o Insulation = Recommend 17 minimum
o Purge circuit required for oil return

o Hot Gas Bypass
o Size for a maximum of 67%
mass flow
o Purge circuit required for oil

— — Vapor Line (Suction)
Liquid Line

--------- Hot Gas Reheat Line

— - Hot Gas Bypass Line



Reheat Line Guidelines

o Purge Circuit
o Required on hot gas reheat or hot gas bypass lines
o Consists of a drain leg & oil return line

Purge Circuit is to be field
furnished & installed at the

HOT GAS REHEAT LINE

/6" TusG| 81 lowest point of the line set.
10> MAx 120" LONG | S
| ”
1" MIN FROM CAR ' | *
f With this installation, oil drains
oL RETURN TO 8t INsTALLeD AT T > © 1 FROM COMPRESSOR into the drain Ieg, where the
THE LOWEST POINT OF THE SYSTEM ) )
FIELD SUPPLIED FIELD INSTALLED * pressure difference forces the oil

through the oil return line into
the suction line.



Additional Components

1
o Suction Line o Liquid Line
Accumulator ‘Recelver
o Prevent o Stores liquid
compressor ~ refrigerant after it
damage from leaves the
sudden surge of condenser

liquid refrigerant o AAON installs

(compressor receivers on
floodback) & "N - = - = Units with Reheat
o AAON installs ﬁﬂi_. e . W Units with Heat
accumulators on all Pump
heat pump units = Units with
Floodback

Condenser Low
Ambient Control



ECat Split System Software

FA>

o AAON ECat Split System Selection Software
o H3/V3 Series air handling units paired with CF/CB Series
condensing units

Rooftop Units

T oo | (0 ][ |

I ias [
9T e

Condensers and Condensing Units

I:E Self-Contained Units
sa SB
B

hd Coils

Coils

Split Systems d

= Chiller, Boilers, and Qutdeor Mechanical Rooms

B Split System Configurator | = | B 5 |
H3 Units CB Units
W3 Uitz

Split Systems

U‘ Misc.

Curbs Accessories

Add New Unit

WaC

AAODN> © [

CF-3

Air Handling Unit

¥3-CRB-2-0-162C-000:ACDA-PG0-000-0A0-00A00w0-00-000004

Condensing Unit

CFA-013-B-0-2-DCO0K: 0-A0-L0-00-000-D-A000-0000000-0A000(

Conslluclionl Conditions

Line Sizing

— Syztem Type
[ Heat Pump

¥ Hot Gas Bypass
[ A Heat

¥ Modulating Hot Gas Feheat

—&ir Handling Unit Options

r— Condenzing Unit Options

CF-006

Tagging: Tagging:

|Split &HU # 2 |Split CU # 2

Woltage: Woltage:

| 230%/30 /6 0Hz =] | 230%/30 /6 0Hz =]

Cail Sizing: Compreszor Type:

|B Fiows Coil =1 |Variable Capacity Compressor |

Cail Fins Per Inch:

[1ztpi =] |
wattmaster Control: Staging:

|W’attmaster MHGR =1 |‘I Wariable Refrig System + 1 On/0k_x]

Sustem Cuantity: I 1

Preview | Save |

Cancel |

Split System Configurator Screen




ECat Split System Software

_
o AAON ECat Split System Selection Software

o Advanced Selection for V3-C with CFA-013 dual circuit with digital compressor

plit . Basic l Advanced l

3 Units
A-HG 0-000-0A0-00A000-00-000001

Reheat ] Suctiunl Liquid l

E b Cluantity: I 10 Suction Line Flow: IDD"" vI

Line Length: I 75
“Wertical Lift: I 20

Air Handling Unit V¥3-CRB-2-0-162C-000,520

Condensing Unit CFA-D1 =Z2-D CO0K:0-A0-E 0-00-000-D-A000-0000000-0AD00I

Can n Conditions ] Line Sizing I

Basic ] Advanced l
ﬂ'Juclion] Ligquid 1
Elbow Quantity: IT Suction Line Flow: lm Advanced SeIeCtlon
Line Length: IT
— “ 1
Suction Line Selections M
Fipe Equiv Temp. el Min. Tons Gity. of
oD Length | Loss(F] (fpm) For Oil Retum Req. Traps
0.75 g7 569 2340 0.7 0
29 266 2117 1.09
| =
Suction Line Selections
Pipe E quiv. Temp. Wel tin. Tonz Oty of
Cooue_| _Dcmte_| oo Length | Loss[F) [fprm)] For Ol B eturm Req. Traps
i | e | i 0.75 a7 563 | 2940 0.7 0
= O 0875 | &9 2E6 | 2117 109 0

Line Specific Characteristics

Line Sizing Options



ECat Split System Software

o AAON ECat Split System Selection Software
o Outputs of selection

Cooli Secti : :

B e o Suction | Resulting | %
Total. Capacity:. 152,75 149.88 MBH G Fross Cap acC | ty
Sensible Capacity: 105.80 102.93 MBH .

Latent Capacity: 46.95 MBH Capacity Loss from
Mixed Air Temp: 95.00 °F DB 75.00 °F WB
Entering Air Temp: 95.00 °F DB 75.00 °F WB (MBH) 0.50
Lv Air Temp (Coil): 58.48 °F DB 58.28 °F WB
Lv Air Temp (Unit) 59.41 °F DB 58.63 °F WB
Evap Suction Temp: 47.74 °F 0 . 50 153 . 2 0
Supply Air Fan: 1x450AQ @0.97 BHP
SA Fan RPM / Width: 1283 / 8.030" 0.78 152.8 0.39%
Evaporator Coil: 7.1f¢* / 6 Rows / 12 FPI /
Evaporator Face Velocity: 393.8 fom 2 . O 1 1 50 . 7 1 . 6%
Split System Rating
4.01 147.4 3.8%
(0}
Suction Line 5 elections 6 : OO 144 1 5 - 9 /0
Fipe E quiv. Temp. Wel /F)M{T ansE [ty of
oo Length | LoszF] [fprn] or Jil Return Req. Traps
0.75 a7 569 20400 07 0
0.875 a9 2EE 217 1.09



ECat Split System Software

o AAON ECat Split System Selection Software

o Outputs of selection

Reheat Line Data
Elbow Qty: 10 Line Length: 75’
Pipe Equiv. Temp. Velocity Min Tons Qty. of
oD Length Loss ("F) (fpm) For 0Qil Return Req. Traps
0.625" 94' 3.32 1843 0.83 3
Suction Line Data
Elbow Qty: 10 Line Length: 75’
Flow Direction of Suction Line:  Down
Pipe Equiv. Temp. Velocity Min Tons Qtv. of
oD Lencth Loss (°F) (fpm) For Oil Return Reg. Traps
1135 92 0.78 1241 229 1]
Liguid Line Data
Elbow Qty: 10 Line Length: 75’
Vertical Lift: o
Pipe Equiv. Temp. Velocity Min Subcooling
oD Length Lozs (°F) (fpm) For Vertical Lift
0.5" 24 1.23 264 2.24

Split System Refrigerant Line Selections




AAON Engineering Toolkit AAON

o AAON Engineering Toolkit — 307
o Available through ECat interface

FEs File Edit Search Options Colculate Tables Plots Windows Help

—
AAON Toolkit

AAON

To Access The Toolkit Click "AAON Toolki

Psychrometrics

100 AAON Toolkit

101 AAON SENSIBLE HEAT Find LDB given Load

102 AAON SENSIBLE HEAT Find Q given EDB and LDB
103 AAON Mixing ACFM

104 AAON Mixing SCFM

105 AAON COOLING COIL

106 AAON COOLING COIL with ACFM as Input

107 AAON HUMIDIFER

108 AAON MADB CALCULATOR to Extract Fan Heat
109 AAON RL HEATWHEEL Rev 4

110 AAON RM HEATWHEEL REV 4

112 AAON Heat Wheel Defrost

114 AAON Psychrometric Properties

115 AAON Actual CFM to Std CFM Calculator

System Psychrometrics

201 AAON DRAW THRU

202 AAON Reheat System RMDB -Qreheat Input

203 AAON Reheat System RMDB-RMRH Input

204 AAON 100% OA Draw Thru with Reheat

205 AAON Blow Thru System with SADB and RMDB as Inp
206 AAON Mixed Air Bypass System

207 AAON Mixed At Bypass Reheat System

208 AAON Retum Air Bypass Revision

209 AAON Retum Air Bypass with Reheat

210 AAON Under Floor System

Fluids

301 AAON DUCT FRICTION CALCULATOR

302 AAON DUCT FRICTION CALCULATOR MFR as input
303 AAON Vacuum Piping

304 AAON WATER PRESSURE DROP CALCULATOR
304a AAON WATER PRESSURE DROP CALCULATOR
305 AAON WATER-Glycol PRESSURE DROP CALCU
306 AAON STEAM PRESSURE DROP

307 AAON Refrigerant Line Sizer Rev 2

307a AAON Refrigerant Line Sizer For HGB Sizing Rev 4
308 AAON Property calculator at saturation

309 AAON Glyecol Properties Calculator

310 AAON Primary and Secondary Loop Calculator

310b AAON Primary and Secondary Loop Calculator with
Miscellaneous

401 AAON Langelier Saturation Index

402 AAON Power Factor Correction

403 AAON Sump Level

404 AAON Comer Weight Calculator

405 AAON Plenum Temperature Calculation

406a AAON RM-RN-RL-HBVB Fan Analysis Program Inpu
406b AAON RM-RN-RL-HBVB Fan Analysis Program Inpu
407 AAON RL-LL condenser Sound Calculator

408 AAON Barrier Sound Attenuation Wall

409 AAON Refrigerant Cycle. EES

409a AAON Refrigeration Cycle R2

410 AAON Subcooling - Gooling Coil Rev 8

411 AAON UsefulLinks

500 AAON POOL CALCULATOR VERSION 15c Toolkit Ve,

100 AAON Toolkit

101 AAON SENSIBLE HEAT Find LDB given Load

102 AAON SENSIBLE HEAT Find Q given EDB and LDB
103 AAON Mixing ACFM

104 AAON MIXING SCFM

105 AAON COOLING COIL

106 AAON COOLING COIL with ACFM as input

107 AAON HUMIDIFER

108 AAON MADB CALCULATOR

109 AAON RL HEATWHEEL Rev 4
110 AAON RM HEATWHEEL REV 4
112 AAON Heat Wheel Defrost

114 AAON Psychrometric Properties

207 AAON Refrigerant Line Sizer For Discharge and HGE Sizing Rev 7

115 AAON Actual CFM to Std CFM Calculator
201 AAON DRAW THRU

DUCT FRICTION CALCULATOR MFR as input
ON Vacuum Piping

4 AAON WATER PRESSURE DROP CALCULATOR

3042 AAON WATER PRESSURE DROP CALCULATOR with(gpm, dia, PD as input
305 AAON WATER-Glycol PRESSURE DROP CALCULATOR

306 AAON STEAM PRESSURE DROP
307 AAON Refrigerant Line Sizer For Discharge and HGB Sizing Rev 7
2050000 BanssCaloulatoc st Catucat

309 AAON Glyeol Properties Calculatar
310 AAON Primary and Secondary Loop Calculator

3106 AAON Primary and Secandary Loop Calculator with Control Valve

401 AAON Langelier Saturation Index

402 AAON Power Factor Correction

403 AAON Sump Level

404 AAON Corner Weight Calculator

405 AAON Plenum Temperature Calculation

4062 AAON RM_RN_RL_HBYB. Fan Analysis Program Inputs(FanModel CFM,5P,BW) Outputs (RPMBHPEF)
406b AAON RM_RN_RL_HBVE Fan Analysis Program Inputs(FanMadel CFM,SP,RPM) Qutputs (RPMBHPEFT)
407 AAON RL-LL Condenser Sound Calculator

408 AAON Barrier Sound Attenuation Wall

409 AAON Refrigerant Cycle

4092 AAON Refrigeration Cycle R2

410 AAON Subcooling - COOLING COIL Rev 8

411 AAON Useful Links

500 AAON POOL CALCULATOR VERSION 15¢ Toolkit Version




AAON Engineering Toolkit

o AAON Engineering Toolkit — 307

o | Inputs
o Refrigerant type

System capacity

# of elbows

Line lengths

Liquid line lift

Compressor type

Choose

m Discharge for Hot Gas Reheat or
Heat Pump Discharge line

= HGB for Hot Gas Bypass line

o Change line size to see effects
on the system

Refrigerant Piping Calculator

Saturated Condensing Temperature

Saturated Suction Temperature

AAON

AAON Inc.

2424 South Yukon Ave
Tulsa, Oklahoma 74107
Ph: 918 583 2266 Fx 918 523 6034

Refrigerant$=
Tons =[5.00] [tons]

scT=[120.0](F] scP=4183[psig]  SST=[45.00|[F]  SSP=130.11 [psig] My = 0.246 [Ib/sec]
Condenser Subcooling Suction Super heat Mret permin,s = 14.74 [Ib/min]
i ref,per,min.s
Subcool =[10.00] [F] SH =[10.00] [F] Mieet perne = 884.4 [Ib/hr]
Discharge i i i iquid Li
g Discharge Suction Line Liguid Line
idg = 0.436 [in.] id, = 0.666 [in.] id, = 0.436 [in]

Velgym a = 2340 [ftimin]

dt, = 5.866 [F]
Elbow and Equivalent Length
Quantityy =

Length, =[75] [ft.]

Le,=82.2 [ft]

Pelpsia,a = 32.48 [psi]

Velim s = 2646 [fUmin]
dt, = 4.518 [F]
Elbow and Equivalent Length

Quantitys =
Length, =[75] [ft.]
Le, = 84.6 [ft]

Pdsis s = 10.9 [psi]

MinPDoilReturn, = 0.3596 [psi]
MinTonsOilReturny = 0.3324 [tons]
Velgomptina = 155.6 [ft/min]

MinPDoilReturn, = 0.35 [psi]
MinTonsOilReturn, = 0.6272 [tons)

Velimuins = 331.9 [fUmin]

1bSpeq g = 0.4724 1bS eq s = 0.4178

PipeVolumeg = 0.07776 [ft']

PipeRefrigerantLiquid, = 4.446 [Ibs]
SCT=  120.0[F] sCP= 418.3 [psig]
88T= 45.0 [F] SSP = 130.1 [psig]
Tons = 5 [tons]

SCThes = 90.0 [F]

$8Thes = 32.0 [F]

Tonsuce = 3.294 [tons]

SCPues= 274.5 [psig]
SSP pee= 101.1 [psig]

Velfom, = 236.9 [f/min]

dt, =0.8143 [F]

Elbow and EEU\VJ‘EHT LEI'IE"'I
Quantity, =[g]
Lengthy =[75] [ft.]

Le, =82.2 [ft]

Pdpsia, = 4.076 [psi]

Subcooling to Overcome 1 Foot Liguid Lift

dFidi=  0.083 [Fiff]
VerticalLift =[10.0| [}]  subcoolForverticalLift = 1.647 [F]

IBS gy, = 4.667

CircuitType$= | Single Compressor

Discharge Selected

HGB Selected



Selection Scenario #1

AIR HANDLING UNIT

o Air Cooled with Modulating Reheat ::
o CU below AHU P -

o Digital compressor ~ ot

o 13 ton MUA with 95/75 EAT VT L

o 100 ft line length, 20 ft vertical rise |

o Priority is Efficiency, Minimize Operating |

Cost conveNsiNG uNIT .} ﬁ

MODLULATING !
CONDENSERVALVE  conpensng g ' E

et o

0 ECat Suction Line Selection

Fieheat ] Suctiun] Liquid ]

E I Cluantiby: I 10 Suction Line Flow: IDown 'I
Line Length: I 100
“Wertical Lift: I 20

Suction Line S electionz

Fipe E quiiv. Temp. el Min. Tanz [y, of
oD Length | Loss(F) [fprn) For Qil Return Req. Traps

0.875 114 141 2117 1.09 0
b 1125 17 099 1241

” *Optional suction line accumulator
(field installed & provided)



Selection Scenario #1

o Valid Suction Line Selections

(T:‘;tsgc'::f; (BH) 146:6] 1506
Leaving Air Temp 591 | 585
(°F)

EER (atoperating condgitons) ~ 11.6 11.9
Fluid Velocity 2117 | 1241

(fpm)




Selection Scenario #1

o ECat Liquid Line Selections
o 1/2” Liquid Line is only valid option . =

Fieheat ] Suction ] Liquidl

Elbows Quantity: I 10 s
Line Length:
Yertical Lift: < 20 |
]
Liguid Line Selection | —
Fipe Equiv. Temp. el Min Subcooling [ y
ao Lenath Lozz(F] [fprn) Far Wertical Lift ! |
b o It
= e
. . . CONDENSING UNIT g wll
o Changing to 50 ft vertical lift e 1
CONDENSERVAVE  conoensa | S 2 E {
o= o= == & B - :
Reheat ] Suction ] Liquidl tr i |
= [ 3 | [
|| comemsssom X b {
. 1l | oRER [
Elbows Quantity: I 10 | :
Line Length: 100 l !
[ “RECEWER TANK |
Wertical Lift 1“ [ Y St R |
: St e —
Liquid Line Selection = [ !
Fipe Equiv. Temp. Vel Min Subcooling : |
ap Length Losz(F] [fpm) For ertical Lift b :
| P . e
i
*Optional suction line accumulator

= (field installed & provided)



Selection Scenario #1

AIR HANDLING UNIT

0 ECat Reheat Line Selection
o Purge circuit required

Heheat] Suchion ] Ligquid ]

Elbaw Cuantity: I 10 ot

Line Length: 100
Hot Gas Reheat Line Selection CONDENSING UNIT y g u
Pipe E quiiv. Temp. el Min. Tons [ty of MooUATRO, 2 g i :
oo Length | Loss(F) [Fprm] For Oil Return Req. Traps - e, |afl & g
3 9 ol |

= |

075 122.8 1.52 1280 1 3
0.875 126.6 0.86 321 1.51 3

I

“ RECEIVER TANK

MODULATING HOT GAS
REHEAT VALVE

*Optional suction line accumulator
— (field installed & provided)



Selection Scenario #1

0 Valid Reheat Line Selections

5/8” | 3147 | 78"

Temp Loss (°F) 421 |11.82 0.86

Fluid Velocity

1843 |1280 921
(fpm)




Selection Scenario #2

_
o Air Cooled with Modulating Reheat

CONDENSING UNIT

o CU above AHU g
o 13 ton MUA with 95/75 EAT o *
o 100 ft line length, 20 ft vertical rise T

o Suction Line Selection ] e |

o Digital Compressor

Reheat I Sucliun] Liguid ]

=— HOT CAS REHEAT LINE

w
=z
\ — 3l "
Elbow Quantity: I 10 Suction Line Flow: Up - g 5
Line Length: [T1o0 AR HANDLING UNIT = E
Wertical Lift: I 20
sty DX COIL TV B
O] _..i'_._. = !
Suction Line Selections o
Pipe E quiv. Temp. Vel Min. Tons Gty of aut VALVE
ap Length | Loss(F) [fprn) Far Qil Return Req. Traps
p 0875 266 3 2117 1.09 3
| A CHECK
On / Off Com
o on ompressor s o
mmmmmmm
Reheat I Sucliunl Liquid ] W
q a =—A0UT
Elbow Cuartity: 10 Suetion Line Flow: [y 'I
Line Length: lT
Wertical Lift: 20
Suction Line Selections
Pipe E quiv. Temp. Vel in. Tans Gty of —= —
ap Length | Loss(F) [fprn) For Oil Return Req. Traps 1

*Optional suction line accumulator (field installed & provided)



Selection Scenario #2

o ECat Liquid Line Selection
n 1/2” LiqUid Line iS Only Valid Option CONDENSING UNIT

MODULATING

o Liquid Line flows down — gain subcooling = - @ﬁ:

Bazic ]Advanced |

)
[
| ‘ COMPREFSOR :
Reheat ] Suction ] Liquid] [
[
l
* I
Elbiow Cluantity: I 10 i
AT
Line Length: 100 | I REHEAT VALVE I
Vertical Lift: 20 f f
I A [
Liquid Line Selection § :
Pipe E quiv. Temp. el Min Subcooling S I e
[]n] Length Laozs(F] [Fprn) For Yertical Lift ql I
| £
AIR HANDLING UNIT g*: E :
X COIL B |
N Hi
CHECK |
ar =, VALVE l
l [
i l CHECK |
[ Q'D VALVE :
I
[ REEAT £BIL l
[ [ [
| I
[ uT I
I [
| I
l [
I I
| [
_ _ [
_______________________________ =J

*Optional suction line accumulator (field installed & provided)



Selection Scenario #2

0 ECat Reheat Line Selection

CONDENSING UNIT

MOCULATING

Reheat l Suction ] Ligquid l )
|
[
[
: [
Elbowy Quarntity: I 10 |
i e [
Line L th: + RECEVER TANK [
ine Leng I o e e = ol
| T l
[
fll
Hat Gaz Beheat Line Selection . I
Fipe E quirv. Temp. el Min. Tons by, of g I
oo Length | Logz(F] [fprm] For Oil Returk Req. Traps E TF\J’
0525 110 3.89 1843 | 063 0 % g - :
b 075 112 1.66 1280 AR HANDLING UNIT 3 2 z |
0875 114 078 921 1.51 0 | g :
Dx COIL THV
W = Hi
I B i |
| |
W o |
I [
| REEAT COIL l
l [y — :
I - |
I [
l [
I [
I [
| |
_______________________________ —J

*Optional suction line accumulator (field installed & provided)



Selection Scenario #3

o Air Cooled with Tandem On/Off compressors

o CUaboveAHU ——
o 31 ton ”;J _____ :
o 100 ft line length, 20 ft vertical rise T =

0 ECat Suction Line Selection

' I
HGE | Suction | Liquid |

Elbcw Quantity: | a Suction Line Flow: [y - |
[up = -
Line Length: I 100 all
“ertical Lift: | 20 AIR HANDLING UNIT 3
nnnnn
Suction Line Select
Fipe E quiv Temp. Vel Min. Tong (ty, of

(]n] Lenglﬁ Lozs(F) [fprn) For Oil Return Req. Traps

o Divide Velocity by 2
= On/off velocity > 1000 fpm
= Digital velocity > 2000 fpm

*Optional suction line accumulator (field installed & provided)



Selection Scenario #4

0 Heat Pump
o CU below AHU
o 20 ton with digital compressors
o 75 ft line length, 30 ft vertical rise

o No solution from ECat
= Option 1 — relocate the units — HIGHLY RECOMMENDED
m Option 2 — use EES Toolkit

Suction| Liauid |
Elbow Quantity: I 8 Suction Line Flow: IDuwn .I
Line Length: I F
“ertical Lift: I 30
Suction Line Selections
Pipe E quiv. Temp. Wel kit Tans Gty af
]l Length | Lozs(F) [fprm] For Qil Betun Reg. Traps




Selection Scenario #4

o Cooling Mode o Heating Mode
o Suction Line Down o Discharge Line Up

AR HANDLING UNIT

AR HANDLING UNIT

hik

N

OOOOOOOOOOO y} T b
CUTDOOR FILTER ‘ cuTDocH FALTER ”
IL RER RIER:
fli A\ fil N\
Il recover Tamk I+ recover Tk
: HHHHHH o0 COOLING MODE : nnnnnn oo COCLNG MODE
I = S - I — - < -
| reve -_— - I| revE -— "
-0 -0
:-:_: % " fir -— »
g 5 : g El
& &
Bap— glg [ OMPRESSG! |f glg
i i




Selection Scenario #4

o Heating Mode o Cooling Mode

o Functions as Discharge Line o Functions as Suction Line
Heating Section Cooling Section

Primary Heat Type*: Heat Pump Gross

Total Capacity: 146.3 MBH Total Capacity: 211.76

OA Temp: 10.0 DB / 9.0°F WB Sensible Capacity: 143.25

Entering Air Temp: 55.5 DB / 53.0 °F WB Latent Capacity: 68.51 MBH

Leaving Air Temp: 85.5 DB / 64.2°F WB Mixed Air Temp: 84.50 °F DB
Entering Air Temp: 84.50 °F DB
Lv Air Temp (Coil): 53.46 °F DB
Lv Air Temp (Unit) 54.66 °F DB
Evap Suction Temp: 43.70 °F

Tonnage per circuit = (146.3) / 12/ 2 Tonnage per circuit = (211.8) / 12/ 2

= 6.1 tons per circuit = 8.8 tons per circuit



Selection Scenario #4

o Heating Mode 6.1 tons per circuit

o Functions as Discharge Line

Saturated Condensing Temperature

SCT=(120.0| [F] SCP = 418.3 [psig]

Condenser Subcooling

Subcool = [F]
3/4” line

Discharge

Choo
Discharge 'I o

3/4 od 'l HeB

idy = 0.666 [in.]
[velfpm,d = 1333 [ftfmin]]
dtg =1.171 [F]

Elbow and Equivalent Length

Quantity, =[g]
Lengthy =[75] [ft.]
Leg = 84.6 [ft.]

Pdpsia,a = 6.513 [psi]

Suction Super heat

SH=[10.00 [F]

. Choose
IDlscharge - Discharge
HGB

[780d -]

idg = 0.785 [in.]

velpm,q = 959.3 [ft/min]

dty = 0.5287 [F]

Elbow and Equivalent Lendth
Quantityq =

Length, =[75] [ft.]
Leg = 86.2 [ft.]

Pdpsiaa = 2.94 [psi]

Velocity < 1000 fpm

STILL NO SOLUTION!

Saturated Suction Temperature

SST=[23.90| [F] SSP = 85.32 [psig]

o Cooling Mode 8.8 tons per circuit

o Functions as Suction Line

Saturated Condensing Temperature

SCT=[118.0| [F] SCP = 407.3 [psig]

Condenser Subcooling

Subcool =[10.00] [F]
3/4” line

Suction Line

|3;"4 od vl

ids = 0.666 [in.]
velfpm,s = 4909 [ft/min] X
dt, = 13.58 [F]
Elbow and Equivalent Length
Quantity =

Length, =(75| [ft.]
Le, = 84.6 [ft.]

Pdpsia.s = 31.39 [psi]

Velocity > 4000 fpm

Saturated Suction Temperature

SST=[41.60| [F] SSP = 122.04 [psig]

Suction Super heat

SH =[10.00] [F]

Suction Line

7180d -]

id, = 0.785 [in.]

Velfpm s = 3534 [ft/min] /
dt, = 6.074 [F]

Elbow and Equivalent Length

Quantity, =
Length, =|75/ [ft.]
Le, = 86.2 [ft.]

Pdpsia,s = 14.04 [psi]



Selection Scenario #4 (option 1) @AW

Solution:
Discharge line = 5/8°0D
Discharge riser = 7/8"0OD

o Double Discharge Riser
o Choose best size for Discharge

o Choose best size for Suction
m Calculate 2" riser based on difference

o o AHU
6.1 tons per circuit 8.8 tons per circuit
At heating conditions At cooling conditions \l(\slgsgod
[Brecharge ] choose Suction Line
[580d | HeB |1-'”3 od 'l g@scharge
Iser
idg = 0.555 [in.] ids = 1.025 [in.] _\
Velipm,q = 1919 [ft/min velpmd = 2073 [f/min] A4
dty = 2.85 [F]
dt; = 1.659 [F] Discharge
Line
P-trap —\
Internal Area Discharge = (. )2=0.242in? 9'\\
2nd Riser Calcualted I - = 0.86in CU

Internal Area Suction = (

Internal Area 2nd riser = 0.825in? — 0.242in? = 0.583in?

)2= 0.825in?

est nominal size is 7/8” = 0.785 in



Selection Scenario #4 (option 2) @AW

o Double Discharge Riser
o Make Life Easier on Contractor

Solution (only for on/off

compressors):
Discharge line = 3/4°0D

= Choose one size of tubing for both risers  Discharge riser = 3/4”0OD

6.1 tons per circuit 8.8 tons per circuit

Suction Line

Suction Line

- Choose
IDlscharge 'I Discharge
HGB ITIB od "l | - v|
Im 1-1/8 od
ids = 0.785(in.] ids = 1.025 [in.]

idg = 0.666 [in.]
Velfpm,g = 1333 [ft/mi

dty = 1.171 [F]

velpm,s = 353 min]

dt, = 6.074 [F]

6
)2=0.348in? x

Internal Area = n(

0.697in?
[

Calcualted New ID = 2 x

velpm,s = 2073 [ft/min]

dt, = 1.659 [F]

= 0.94in

=\0.697in?

AHU

e

7

Solenoid
Valve

Discharge
Riser

Discharge
Line

a\

CuU



Conclusion AAON
]

o Split System Refrigerant Line Design Matters!

o Vapor / Liquid / Reheat Lines should be reviewed ahead of
time to understand effects on the overall system.

o Choose your Design Priority
o Know that it comes with a compromise

o Designing Split System Refrigerant Lines saves You...
o Time, Money, and Headaches
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o AAON-Applications
o (918) 382-6274
O aaonappsl@aaon.com

0 DX Handbook

o https://www.aaon.com/EngineeringBook

o AAON Website DX
o Product Literature and Presentations
o 2010 ASHRAE Handbook - CF Series

Condenser and Condensing Units

Refrigeration Chapter 1

Installation, Operation,

2016 New SaLes Rep TRAINING intenance

A
ASH RAE Split System Selection HJ 3.1 ME

- 5. Andersen

Training Materials
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