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HVAC Rule #1

All Manufacturers make GREAT Equipment
When Applied Properly!

Blaming equipment is admitting it is smarter than you!
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HVAC Rule #2

What is Easiest Way to
Lower RH?

Turn on the

It’s Relative to Temperature




HVAC Rule #3

It is ALWAYS Controls Fault! ©

* With the proper review of the trend data in the
controller, you can ALWAYS identify the problem

* Most of the time it will be something simple

« Controls may or may not be able to fix the issue



Moisture Tracking

Sources of Moisture Loads (Know what you Have & When)

Permeation: Moisture passing through structure

Infiltration: Moisture entering space through cracks (Can’t Stop)

Perspiration: People — Respiration

Condensation: Products — Change in moisture content

Evaporation: Moisture evaporated from inside

Make-Up Air: External Source

Humidifier: Need Moisture Added

Controlling Content Defines Solution
Changes by Season




The “7” Of Air

Must Know 2 11



] i #
ool il bl I Y A bodasd o
T _ _ . - b ¢:+_ | Blcire :
_ — _ H g i aancar s o g '
o RERIIVESS i [ ; T ATTLTLT L1
H i H ) i TR AT TN 1 2
H H H T ey
= T H

S
1)
i
=

T
1

b, e L e T B

¥
|
=
s s |
I
1

ical

T
£y

Dehumid
NTHALPY -

=
i3

ify
Sensible
==% Heating

Chem

T
I
1|
4=
¥
1

H -

Heat &
Humid

il N _ ®
2l y = r] L 1 | I ._
2 ¥} - A M .
a L et i ._ :
i = ar .4 Fl
atfih 0 e L H ]
A MR EL I I Bl
I v B L 4 I .

ti | i i T q
El i : a d [T H ! |H“ R f
w' 1] A i > N ol I T pm I
& 11 ; & T il
b . ; e Lt e B -
bkt il o LA & g ;
pela |1 [ AN — il - ¢
0y 4 Ml ‘ S =
i i m il LT T £
= (7]
(]

Only
Only

g e [t

] ! T ; LI
T s

N ke TLg ] s
H 57 (KRN Fin. SHARINRZE AT
i - FRINE TR T [ T
L]
T CRE: N i
g

S
T

T
T T
=
v &

L

= - &
: © oo i 7T O
w r EaRLT] hlllv.ll T
B G o -m § y “an.‘rlllr m @
m o - v = iRgnas & s
x 8 g 7 o O - O lkmily d - .
s ° b i > O 2 0 1l ¢ @ <
2 2 ¢ w O oy 22 | I
& 7] T a
Eo§ ¢ e ¢ ‘ v & o [l O s b0 O
E g 8 ' € 8 i o A
« 5 2 Ma Vv O BRI R "
m W w | o, f wmu..mrr.unvmrnuuanum .L___..xxl
dw 3 2 R T
03238 mﬂ gs p . M--.mm-v.ﬂ-l_ﬁw. il 2 :
= =0 8k - L R e T
EZ -3z ! R it
wEszem| o@w e
hE . of3
SEstig] T i
€ ozE8| 2° - - it
HmSCnEn_E ) Em |ﬂ|nuwmwmh
m 2 @ gt TPh ]
w=I ¢ R
; T R] et i
W E g wu it i
g b & TaEACEY ]
€ = O SBogEn 1
2% AT
< i _
o m g B = Muwum\ |
M h H |m ki [
g i
: Aaqd




Use the RIGHT Conditions!

Design - Given

otte:

0OLING

Altitude
Barometric Pressure

Atmospheric Pressure

Dry Bulk Temp
Wet Bulb Temp

Relative Humit

Humidity Ratio

Nelalele]

Altitude

Barometric Pressure

Atmospheric Pressure

Bulb Temp
Wet Bulb Temp
Relative Humidi
Humidity Ratio
Speci ‘olume
Enthalpy

Dew Point Temp

Dry Bulb Temp
Wet Bulk Temp

Relative Humidity

Humidity Ratio

S ‘olume
Enthalpy

D pint Temp

Pool

Alttude:
Barometric Pressure

Atmospheric Pressure

Enthalpy

Dew Point Temp

Barometric Pressure

Atmospheric Pressure

Dry Bulk Temp

Wet Bulb Temp

Relative Humidity

Humidity Ratio (* gr (" b
Sp Volume

Enthalpy

Dew Point Temp



Solve the Psychrometric Problem

Outdoor Air
Pool

Hotel Hall
School
Hospital

Dry Bulb  Wet Bulb

82
84
75
72
60

75.8
71.4
65.2
61.3
50.1

RH Tells the Least Information by Itself

Enthalpy
39.9
35.9
30.7
27.7
20.6

Dewpoint RH

73.8 77.4
66.1 55.0
60.2 60.0
55.0 55.0
41.3 50.0

Grains
130
100
81
66.9
39.8




PSYCHROMETRIC OVERVIEW




Psychrometric View — Hot / Semi-Humid Air

90F

70F

50F

Room Conditions Desired — 75F @ 50% RH

Hot & Dry Day (25% O/A)

1)
2)
3)
4)
S)
6)

Outdoor Air = 95db/75wb
Dewpoint = 67F

Mode = Cooling

Return Air = 80db/67wb

Mixed Air = 83db/69wb

Sized Correctly, ~55F, 94%RH




Psychrometric View — Warm / Semi-Humid Air

Room Conditions Desired — 75F @ 50% RH

90F

70F

] 0 —mmm e eae—- i il - b

Cooler (25% O/A)

1)
2)
3)
4)
S)
6)

Outdoor Air = 85db/72wb
Dewpoint = 67F

Mode = Cooling

Return Air = 76db/66wb
Mixed Air = 78db/68wb
Average LAT, ~66F, 94%




’P What Can we DO?

Still MUST Achieve Dewpoint!

N7

Industry Methods / Techniques

Sensible Load, aka Hot Gas Reheat

Desiccant
Energy Recovery
Slow Airflow Down (VAV/SZVAV)

Wrap Around Coils

It Depends!!]




Hot Gas Reheat View — Must Achieve Dewpoint

Room Conditions Desired — 75F @ 50% RH

Even Cooler (25% O/A)

1) Outdoor Air = 85db/72wb
2) Dewpoint = 67F

3) Mode = Cooling

4) Return Air = 76db/66wb
5) Mixed Air = 78db/68wb
6) Average LAT, ~66F, 94%

90F

70F

50F

FALSE LOAD?




How is it Controlled?

Room Conditions Desired — 75F @ 50% RH

Required Control Sensors

QOF | 1) Outdoor Temp & RH

) Coil Temp (Suction Pressure)
) Supply Air Temp
)

2 Warming Affect

,,,,,,,,,,,,,,,,,,,,,,,, Room Temp
70F /2
- @
””””””””””””””””””””””””””””””””””””””””””””””””” : Optional Enhancement
sof| /o oo 1) Room Humidity

40F

Ride the Psychrometric Roller Coaster



Equations to Know
Q=1.1%cfm * (Delta T)
Q=4.5* cfm * (Delta h)

Q=500 * gpm * (Delta T)

CRITICAL HVAC EQUATIONS




Equations to Know

Q=1.1%cfm * (Delta T)
Q=4.5* cfm * (Delta h)

Q=500 * gpm * (Delta T)

Commit These to Memory!



Sensible Heating (Equation 1)

Sensible Heat (3,000 cfm from 42F, 80% RH to 72F)
Q=1.1*cfm * (Delta T)
Q=1.1*3,000*(72—-42)=99,000 BTU

Psychrometric Data

Dry Bulb (F)

Wet Bulb (F)

Relative Humidity (%)
Grains

Enthalpy (h)
Dewpoint (F)

Moisture Stays the Same (Grains & Dewpoint)
Easiest Solution to Lower RH is Add Heat




Equations to Know

Q=1.1%*cfm * (Delta T)
Q=4.5* cfm * (Delta h)

Q=500 * gpm * (Delta T)



Cooling w/ Moisture Removal (Equation 2)

3,000 cfm, 100% O/A from 82F db, 76F wb to 72F @ 55% RH)
Q=4.5* cfm * (Delta h)
Q=4.5%*3,000(40.1-27.7) =167.4 MBH or 13.95 Tons

Psychrometric Data

Dry Bulb (F)

Wet Bulb (F)

Relative Humidity (%)
Grains

Enthalpy (h)

Dewpoint (F)

Quick Math, ~ 14 tons, or 214 cfm/Ton
Don’t Forget Fan Heat & Room Load




Equations to Know

Q=1.1%*cfm * (Delta T)
Q=4.5* cfm * (Delta h)

Q=500 * gpm * (Delta T)



Job Information

Job Mame:
Job Mumber:
Site Alttude:
Refrigerant

Static Pressure

External:
Evaporator:
Filters Cleamn
Dirt Allowance

Cooling Section

Total Capadrty:
Sensible Capacity:
Latent Capacity:
Mized Air Temp:
Entering Air Temp:
LvAir Temp (Caily:
LvAir Temp (Umnit)
Supply Air Fan:

SA Fan RPM / Width:

Evaporator Coil:
Evaporator Face Velocity:

Water Side Review

SPASHRAE
Job #11
TEIft
R.4104

025 in.
0.19 in.
0.08 in.
0.15in

BeE
Uy On G 0

=

Gross Net

196.25 194 58 MBH
7945 7r.7T8 MBH
116.80 MBH

£2.00 *F DB

£2.00 *F 0B
F6.07°F DB
36.59°F DB
1x220@0.57 BHP
230 5 4.920°
146ft° / 4 Hous / 14 FPI
205.7 fpm

TEOO0*FWB
TEO0 *F WB
5598 *F WEB
56.19 *F WEB

Unit Information

Approx. Op.Ship Weights:

Supply CFM/ESP:
Final Filter FV / Qty:
Outside CFM:
Ambient Tempera ture:
Return Temperature:

Econoxm zer:
Heating:
Cabinet:
Total:

Heating Section(™™)
Primary Heat Tvpe:

Auxiliary Heat Type:
Heanng CFM:
Toral Capacity:

OA Temp:

RA Temp:

Entering Air Temp:
Leaving Air Temp:
Entering Water:
Leaving Water:
GPM / Head:
Water Velocity:
FA/RD/FPI/FV:

1696 / 1696 Ibs. (=3%)
2000 7 0.25 in. ug.
216.00 fom /4

2000

&2°F DB / 76 °F WB
Ti*FDE / 62 °F WEB

0.00 in. wg.
0.08 in. wg.
0.08 in. wg.
0.81 in wg.

Heat Pump - Notoperational
when the indoor coil entering
temperature is less than 43.0 °F

Hot Water Heat

3000

99.7 MBH

420*F DB f 394 °F WEB
68.0°F DB f 54.0 °F WB
420*F DB f 38 4°F WE
T2OF DB/ 5331°F WE
180.0 °F

1653 °F

147317

243 fps

3833/ 17 875143




Job Information

Job Mame:
Job Mumber:
Site Alttude:
Refrigerant

Static Pressure

External:
Evaporator:
Filters Cleamn
Dirt Allowance

Cooling Section

Total Capadrty:
Sensible Capacity:
Latent Capacity:
Mized Air Temp:
Entering Air Temp:
LvAir Temp (Caily:
LvAir Temp (Umnit)
Supply Air Fan:

SA Fan RPM / Width:

Evaporator Coil:
Evaporator Face Velocity:

Water Side Review

SPASHRAE
Job #11
TEIft
R.4104

025 in.
0.19 in.
0.08 in.
0.15in

BeE
Uy On G 0

=

Gross

196.25

7945

116.80 MBH

£2.00 *F DB

£2.00 *F 0B
F6.07°F DB
36.59°F DB
1x220@0.57 BHP
230 5 4.920°

Net
194 58 MBH
7r.7T8 MBH

TEOO0*FWB
TEO0 *F WB
5598 *F WEB
56.19 *F WEB

146t / 4 Rows / 14 FPI

205.7 fpm

Unit Information

Approx. Op.Ship Weights:

Supply CFM/ESP:
Final Filter FV / Qty:
Outside CFM:
Ambient Tempera ture:
Return Temperature:

Econoxm zer:
Heating:
Cabinet:
Total:

Heating Section(™™)
Primary Heat Tvpe:

1696 / 1696 Ibs. (=3%)
2000 7 0.25 in. ug.
216.00 fom /4

2000

&2°F DB / 76 °F WB
Ti*FDE / 62 °F WEB

0.00 in. wg.
0.08 in. wg.
0.08 in. wg.
0.81 in wg.

Heat Pump - Notoperational
when the indoor coil entering
temperatire is less than 43.0 °F

Auxiliary Heat Type:

Heanng CFM:

Toral Capacity:

OA Temp:

RA Temp:

Entering Air Temp:
ne Air Temp-

Hot Water Heat

3000

99.7 MBH

420*F DB f 394 °F WEB
68.0°F DB f 54.0 °F WB
420*F DB f 38 4°F WE
T e ng s il 1 °F WB

Entering Water:
Leaving Water:
GPM / Head:

180.0 °F
185.3 °F
14731

FA/HD/FPI .-'.F"r':

e
/

E3ftES 1785143




Water Side Review

Q=500 * gpm * (Delta T)

Dry Bulb (F)

Wet Bulb (F)

Relative Humidity (%)
Grains

Enthalpy (h)
Dewpoint (F)

Water Temp
GPM

Q=500 * gpm * (Delta T)
Q=500*14*(180-165.3)=102,900 BTU
Rating Page Shows 99,700 BTU...All very close

Q =99,000 BTU




Church Case Study

Problem

Rooms at the end of the loop either HOT or COLD depending on the
Season. Some hotter, some colder.

REAL WORLD APPLICATIONS




Church Example

Final TAB Report — Rebalance

Airside Information Waterside Information

Clg Max CigMin Heating EAT LAT EWT LWT Coil
CFM CFM CFM °F °F °F °F AP’

e
Sl sva1 | o5 | s0s3 | 772 J1oz2) 10l 1227]) 7.0 ] 69 ]

GPM

Balance Equations (Qair = Qwater)

Q(air) =1.1 * cfm * (Delta T)
Q(water) =500 * gpm * (Delta T)




Church Example

Airside Information Waterside Information

Clg Max CigMin Heating EAT LAT EWT LWT Coil
CFM CFM CFM °F °F °F °F AP’

e
Ll sva1 | o075 | s0s3 | 772 Jiozz) 190l 1227) 7.0 ] 69 ]

Q(air) = 1.1 * cfm * (Delta T)
=1.1* 3,053 *(102.2-77.2)
= 83,958 BTU

GPM

Q(water) =500 * gpm * (Delta T)
=500 * 6.9 * (190.8—122.7)
= 234,945 BTU

Not Very Close: 84K vs. 235K. WHY?




Church Example

Not Very Close: 86K vs. 235K... WHY?

Caveats

1) No Circuit Setter. Flow was set using memory stops on the
associated Control Valve and was calculated using Coil
Delta P.

2) No Balancing Dampers installed. Grill adjusted closed to
reduce airflow; they are not noisy.

Uh Oh! What COULD this Mean?




Church Example

Potential Issues

Coil Fouled?
Correct Water Control Valve?
Others?

Assessment

e SAT is easy to measure and should be accurate.

e Caveat states they couldn’t get GPM measurement.
* Reverse Calculate Flow...Estimate 2.5 gpm.

e Lack of flow under true design day would lack heat.

Start Looking at Coil/Water Loops Real Flow.




School Example

Problem

1)

2)

Unable to control the Space RH. It would go above 60% at 72F
inside on a hot/humid day.

Condensate staying in the drain pan coming down through the unit
intermittently.




School Example (3 Similar Sites)

Details Known Prior to Site Inspection

e Designed Airflow: 5,215 cfm

* Nominal 25 Ton Unit with Energy Recovery
e Space Temp in Control

e Space RH out of Control

* Trap Not Flowing — 3.5” Trap

* Static Pressure across Damper Assembly reported as 0.54” wc
with a design of 0.07” (~8X Over)

* Fan Static Reported as 3.07” wc. Design Static was 2.19” wc.
(0.88” wc over Design)




School Example (3 Similar Sites)

Site Inspection
* Fan Speed 1,584 rpm vs. Design at 1,174 rpm

* Anemometer Airflow Measurement gave estimate of 6,715 —
7505 cfm. (Limited Instrument Accuracy)

Measured 3.3” wc across fan w/ Semi-Dirty Filters
Ambient Conditions: 78F db, 71F Dewpoint (~10am)
Mixed Air Temp: 75F @ 69% RH

* Leaving Air Temp: 54F @ 94% RH




Cooling w/ Moisture Removal (Equation 2)

Dry Bulb (F)
Wet Bulb (F)

Relative Humidity
(%)

Grains
Enthalpy (h)
Dewpoint (F)

Q=4.5* cfm * (Delta h) ... Solve for CFM
25 Ton Unit = 300,000 BTU * 1.05% = 315,000 BTU
CFM = 315,000 BTU / (4.5 * (32.1—22.0))

=6,931 cfm

Anemometer: 6,715 to 7,505 cfm. Confirms unit must be over CFM.
DOAS Unit Suggestion: Balance at +0% / -10%. 10% of 5,215 =521 cfm @
150/ton = 3.5 Tons.




School Example

Summary
* Unit was ~33% Over on CFM

* Designed SAT at 5,215 cfm Equipment would Supply 72F at
50% RH.

e At Actual CFM Design Day, unit would Supply 72F at 62% RH or
Higher.

* With Static Pressure at 3.3”, as filters loaded, they exceeded
3.5” total & drain trap would no longer drain.
CONFIRMED...New Filters allowed unit to drain fine, as time
passed, problem would come back. Lowering CFM to proper
design, static drops and the issue goes away completely.




College Example

Problem

Site is cold in the wintertime and has days where at 72F the RH
will not stay below 60% RH. Site was dealing with the issue for 4

years prior to calling in support.




College Example

Site Inspection During the Winter

Design: 2,000 cfm, 10F, Hot Water Coil, 80F LAT, EWT 180F, 30%
Glycol

Actual Readings: EAT 40F, LAT = 80F, GPM =9, EWT 160F, LWT
128F




College Example
Balance Equations (Q = Q)

Q(glycol) = *gpm * (Delta T)
Q(air) =1.1 * cfm * (Delta T)

Q(glycol) =472 * gpm * (Delta T)
=472 *9 * (160 - 128)
= 135,936 BTU

Q(air) =1.1 * cfm * (Delta T) — Solve for CFM
CFM =135,936 /(1.1 * (80 - 40))
= 3,089 cfm

Drop to Design CFM of 2,000, LAT = 91F, Problem Solved in
both Summer and Winter




College Example

Solution

* Slow the Fan down. 54% too high on CFM
* Review Water Temp. Why 160F vs. 180F?

All the gauges were there, they just assumed airflow was
correct and blamed equipment.

Customer Suffered with the issue for 4 years before calling for
support...Typical Statement, Unit Never Worked since it was
installed!




Nursing Home — Controls Review

Communications  Maintenance

o or L : dame for Unit # 1

# 1
iLink #1 WCC42 Controller Unit ID # 186

Print

Binary Input Status Main Relays EN1 Expansion Relays
Proof of Airflow Main Fan Relay #9 Not Used I RSM-D Status
Dirty Fiter Relay #2 ot Used Relay #10 Not Used
Hood On/Off Relay #3 Not Used Relay #11 Not Used
Supply Air Control Remote Occupied Relay #4 Not Used Relay #12 Not Used
Cooling St Refrigeration Module
ooling Stages Relay #5 Not Used Relay #13 Not Used
Al AZ B1 B2 c1 cz ] D2
[ covimoenne || rmmppeen Tty 76 ol Ut
Err— 12 oy Exparsn Rleys CompPostor | s ow % o we ow o %

Relay #7 Not Used
T e Relay #14 Not Used Cond Postion % 0% 0% 0% 0% 0% 0% 0%
[RetimBypass | Relay #15 Not Used Suction Pr. 1154PS 227.4PS| 00PS|  0.0PSI  0OPSI  OOPSI  0OPSI  0.0PS|
[Wod cooing | Reheat Expansion 3.1 Relay #16 Hot Used Head Pr 3716PSI 223.0PSI 00PS.  0.0PSI  0OPSI  00PSI  00PS 0.0PSI
L] JEIGR tos Relay #17 Not Used Saturation Temp | 40 05°F 77.36°F door 0.00°F 0.00°F 0.00F  0.00°F 0.00°F

ModGas Valve 0.0% | Relay #18 Not Used Coil Setpoint 40.0F A0.0F  40.0F  400F  400F W0F 00F 400

Exit Module Charting

Control Setfings. Duct Static Pressure Stage &1 T
Mode Enable Value 88.0°F ‘ Static Pressure 0.00°WG

Pre-Heater Status Relay #19 Not Used Discharge Temp | 172.3°F 0.0°F 0.0°F 0.0°F 0.0°F 0.0°F 0.0°F 0.0°F
Enable Command Relay #20 Hot Used Comp Rolay [ | on J or | on | or | or | on ] or
: Control Signal 100% = - - - - - -
el = 2 [ Leaving Ar Temp Relay #21 Hot Used Comp Status [onr J on | om | or | or | on ] on |
Wode Heating SP 68.0°F ||| Static Setpoint 1.50WG = — = = =

T = - —_—
Leaving Air Setpoint
Space Temp | ALL o.0F ] Fa" Hipsrel Entering Air Temp. -

Space Humidty 0.0% Building Pressure

i 0 Iod Heat Signal
Shdo O ffact oIl Buiing Pressure 0.00WG -
Control Si 1] OFF eat Stages
Return Air 0.0°F ST -
ot Himaity = Return Plenum Pressure Alarms.
eturn Hum) _
Return Plenum Pressure| 0.00WG ———

Control Signal Reset Violtage 0.0 vdc

Arfiow Status.
Entering Water
[ Cutdoor AT Outdoor CFIM 0.00K CFIM
‘Cutdoor RH Supply CFN 0.00K CFM
Outdoor Welbuli - Alrm Rl 0.00K CFI

| | D (T ’ In Cooling + RH Control
View Paragen Sensor Information Air Qualty Status
— [~ e |

[Crmmpee 1] Not getting there...Low on Charge

Return Enthalpy 0.0 btu/ls

40F (2]

PM

Off the Psychrometric Roller Coaster S el

P Type here to search




RH Control Concern

Room Conditions Desired — 72F @ 50% RH

1

70F

On/Off
Compressor —
1 of 2 stages

/

50F

40F

Not Removing Moisture Removal



Rule of Thumb Example

Church Application - How Many People?

Example Calculation
1,000 People

Rule of Thumb Formula
1) 1,000 * 550 BTU / Person = 550,000 or 48.8 Tons
2) 1,000 * (7.5 cfm O/A / Person) / 200 cfm/ton = 37.5 Tons

Ballpark Tons = 86.3 Tons




With understanding the background, it
becomes Trivial to Solve any HVAC
Situation with Psychometrics... All it
takes is time to do the Math

You can work your way through Solving
ANY Room Conditions

Knowing the Theory Makes Solutions Easy
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