Navigating the Cooling, Heating and Reheat
Process on the Psychrometric Chart

Four examples of cooling will be reviewed in the following examples. The first is an example of sensible mechanical
cooling, the second is an example of sensible and latent mechanical cooling, the third example is of sensible mechanical
heating, and the fourth example is of sensible and latent mechanical cooling, followed by hot gas reheat. All cooling
calculations will assume the same design conditions of 90°F Dry Bulb, 75°F Wet Bulb, and 2000 cfm of outside air.

On the following psychrometric charts, different color lines represent different air properties:

Blue Line = Cooling/Heating Process

Yellow Line = EAT Dry Bulb Temperature

Red Line = EAT Wet Bulb Temperature

Green Line = EAT Enthalpy

Black Line = LAT Dry Bulb Temperature

Brown Line = LAT Enthalpy

Grey Line = EAT Humidity Ratio (Same as LAT on sensible cooling)
Purple Line = LAT Humidity Ratio

Navigating the psychrometric chart:

Find the design dry bulb temperature on the bottom horizontal axis and follow the yellow line up.
Find the design dry bulb temperature on the left curved axis and follow the red line down to the right.
Where those 2 lines intersect is the design EAT point.

PR

Reading directly to the right from this point and following the grey line, will show the design humidity ratio on
the right vertical axis.
Follow the green line from the design point to the upper left diagonal axis with generate the EAT enthalpy.

Y

The cooling process is defined by the blue line. Sensible cooling is shown by a horizontal line and latent cooling

occurs once the air reaches saturation and begins to follow the curved left axis to the lower left.

7. Determine the desired leaving air dry blub (black line) and wet bulb (brown line) temperature from what is
required for the specific application.

8. Determine the LAT enthalpy (brown line), and the LAT humidity ratio (purple line) from the LAT point.

9. Use the formulas below and follow the examples to determine the cooling capacity requirement.



Listed below are common cooling formulas used for both sensible and latent cooling calculations:

Total Cooling Load (Btu/hr) = Sensible Cooling Load (Btu/hr) + Latent Cooling Load (Btu/hr)

Where:
Sensible Cooling Load (Btu/hr) = CFM x Density Factor x (T1 — T2)
Latent Cooling Load (Btu/hr) = CFM x 0.69143 x (G1 — G2)

Where:
CFM = Airflow in Cubic Feet Per Minute

(70-Blower Temp) x .024
Density Factor =1.08 +
10

T1 = Entering Air Drybulb Temperature (°F)

T2 = Leaving Air Drybulb Temperature (°F)

G1 = Grains of Moisture of Entering Air = 7000 x humidity ratio (Ilbm moisture/lbm of dry air)
G2 = Grains of Moisture of Leaving Air = 7000 x humidity ratio (Ilbm moisture/lbm of dry air)



Example 1: Sensible Cooling

Design Conditions (EAT):
CFM = 2000

Dry Bulb = 90°F

Wet Bulb = 75°F

Final Conditions (LAT):
Dry Bulb = 75°F
Wet Bulb = 70.5°F

Sensible Cooling Load (Btu/hr) = CFM x Density Factor x (EAT Dry Bulb — LAT Dry Bulb)
Density Factor = 1.08 + [(70 — Blower Dry Blub) x .024)/10]
1 Ton = 12000 Btu/hr

Density Factor = 1.08 + [(70 — 90) x .024)/10]
Density Factor = 1.032

Sensible Cooling Load (Btu/hr) = 2000 x 1.032 x (90 -75)
Sensible Cooling Load = 30960 Btu/hr

Required Cooling Tonnage = (Btu/hr)/12000
Required Cooling Tonnage = 30960/12000
Required Cooling Tonnage = 2.58 Tons

See this example on the following psychrometric chart.
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EXAMPLE 1 — SENSIBLE COOLING
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Example 2: Sensible and Latent Cooling

Design Conditions (EAT):
CFM = 2000

Dry Bulb = 90°F

Wet Bulb = 75°F
Enthalpy = 38.36 Btu/lb
Humidity Ratio =.015

Final Conditions (LAT):
Dry Bulb = 60°F

Wet Bulb = 60°F
Enthalpy = 26.41 Btu/lb
Humidity Ratio =.011

Sensible Cooling Load (Btu/hr) = CFM x Density Factor x (EAT Dry Bulb — LAT Dry Bulb)
Density Factor = 1.08 + [(70 — Blower Dry Blub) x .024)/10]
1 Ton = 12000 Btu/hr

Density Factor = 1.08 + [(70 — 90) x .024)/10]
Density Factor = 1.032

Sensible Cooling Load (Btu/hr) = 2000 x 1.032 x (90 —60)
Sensible Cooling Load = 61920 Btu/hr

Latent Cooling Load (Btu/hr) = CFM x 0.69143 x (G1 — G2)
G1 = Grains of Moisture of Entering Air = 7000 x humidity ratio (lbm moisture/lbm of dry air)
G2 = Grains of Moisture of Leaving Air = 7000 x humidity ratio (lbm moisture/lbm of dry air)

G1=7000 x .015
G1=105

G2=7000x.011
G2=77

Latent Cooling Load = 2000 x 0.69143 x (105 — 77)
Latent Cooling Load = 38720 Btu/hr

Total Cooling Load (Btu/hr) = Sensible Cooling Load (Btu/hr) + Latent Cooling Load (Btu/hr)
Total Cooling Load = 61920 Btu/hr + 38720 Btu/hr
Total Cooling Load = 100,640 Btu/hr

Required Cooling Tonnage = (Btu/hr)/12000
Required Cooling Tonnage = 100,640/12000
Required Cooling Tonnage = 8.38 Tons

See this example on the following psychrometric chart.



AYNOYIN 40 SIHONI - FUNSSTUd YOIVA

S Ul 2 TR e g @ %. 3 7. 7_ 6. 5 ﬁ 5. & 4 8 o & o 2 - 8
| | | | | | | | | _._._ | | | | | | |
/m/ AR A T T T R R R ///:/::/Z:/;:C:; ;E___:__ I
N g g 2 8 2 8 8 8 & 8 10/50=011vd 1¥3H I1]ISNIS
(=} (=} o =] o (=] o o o -
v xouonz:oaxwu?m AGTWHING
N & & 8 © ® 2 LA
s 4.- JUNLVHIAWIL INIOd M3A
3 ] 2 [ m m 8 2 ...w g ..3” 8 &R o
N8 TR T e e e e
a NS ST S S e SV, dIEY ARV ard
I H | L il .\\\\\N ' ‘ i I (RS nw_ ¥ } ] A 1\1d &_ Lirt V.
i £ TR HATEEY, A4 OO0 LSIOW SONNOg * OL ¥ ALIQINORATH U LT
NG m |- £ \ PN \\\“ n§‘nn b i 11 11/ i ] i _ 1 \\\ o
= 2 1 . oe v / T =
~ ! L+ ™ nl. i L+ ” \ ! 4 | 1] ] 4 ! 3
% x..\ \Atx\\\ 5 24 \ " a N I |.\ b / 1 A " ‘ﬁ\
N © 4 O LTI TN i sas Vn T YT (- » o
= o .B.\w.\\ PV L HAH A 21l ‘ = ..BO
NEL ittty il 1 iy A
" ok jis AN LHTT / o m”‘ T LA & A LT \
: P S o [N A AL s
I~ VH H S o 1] AT b 4 car L
M L+ ! m o < Y 'y L1 y \\\‘ ;M
N @ rl \..le;ﬁv, 1 ! m - -+ LT \x\ 4 al i{ ‘m, S \
= | L . o) w O 1 i v H |1 v #
~ B [isdinaniiing o w5 % o IR Ay
PH] / E o 0 S 4 WL FH 1 ATy L
& T M T e ™S o . NZe BYF N4 B A T n= 1
e m;v\mw v ey 14 m no oo e o B LR v i AT i
TTH i i O a2 > 22 X NMHWEAAT R AN TR T
I~ KT Wil ¢ 5 3 235 Qg i AT LA ) 4
L [ Sl £ 2 @ ® = B e i /
B Sappuis ~1U 5 +~ £ 1 ny | .nw H L] = e \
=~ an [ S [ o z M c 3 T [T Ay T T AT S
o gy ot o o o T o |f] s il 1 [ Vi
l_° 1837 M =TI 1 NV / 1 v.mu
g ST LT PR AL LT AR U AN AT 11 / w
B S AL (LALLLY 8 i T s 18 AR g
- o \L\\ it ‘/ iy et ;\ e N | \\wnv i mu\‘ﬁ f i
- .W,A i AN T IR ,_\ : i) m
i) 1% L AN TSR i @ W
3 Y] \ﬁﬂ bt D] \ N X L1 yM ] ..lvum (i F \‘ -
0] AT AT L] A I r i H g w
o Llrm I TH ,m.lxn g n.\.\ L lx\ l-vm m ‘xl\n A u‘ xxur.. =
G ln(ri.‘. HANL HT > oandl il o y 1] = M
pd P v airibicainliaser andipal b VLAV
H- Ning T ine 1 r (1
= 8 2 LA A S PRI i &
—_ A ‘..mnvi NeOHHHDN i AL AL 1
L} P i A T LA e
@) vty acithh Nl Dy it oYL R IR
o IR T TN ‘m‘ R st
w LA ] of 8 =arill il H /| L9 L
T AI m:m V!/. i \\|nmANmW“N\',A- m) o J?xymyx \xlww\\mxww_ AiHe
< HE i il A
= = " ,Mn, [ TA LA \.K“ VAP S
s y NIEEY ml \ ] ‘“\mn [ i AT
L .w i i (K AN e
£y iadn o A
— _ % NA LW ey A
< % E e e e
g Lvea LAt 7 il sat (1IH
— &»«e tealFal i e atif’ Im\o
QNN\ - " g «
od 1 o, Faill il &N {
E vev« 2 o NN H \N
& g S ihjnivas S
aa) O (] % o o .
— [G] AQ & o ‘
— - = © 5 n b= AT
Vg R =3 ‘s o € & o < o (4 .K\T‘
Z | - & Yo, Y 28385 |
L — £ o & ) (S S on 0on € A0
(¥p) L O = 32 3 So2 >228 /
N + © = \N\Q o O = S5 a x O
= o $ EL © o lo 3 a s T - ¥
| & ] © — o
€ 5 B8F & 2o = S5 £ E LR ]
(@\ ) 2 ES E ®=B 4 SEE2EZZ |
¥ O W .52 § & E538 2 _
- 38 §o2z203z22 ® By Gititlhs N
— — EP m SAh g 3 = T © 1
ol O © 9 jo 2552 S¢EE i
£ = w2zl e e S5
> > < C b SE6034064IT e
T 5588 Sciieenn g “
A s o o E O w w w M M i M @ i i
> Pc 23 sm T T T T T TR T
L

<0

5

70

ENTHALPY - BTU PER POUND OF DRY AIR



Example 3: Sensible Heating (Heat Pump)

Design Conditions (EAT):
CFM = 2000

Dry Bulb = 40°F

Wet Bulb = 32°F

Final Conditions (LAT):
Dry Bulb = 55°F
Wet Bulb = 40°F

Sensible Heating Load (Btu/hr) = CFM x Density Factor x (LAT Dry Bulb — EAT Dry Bulb)
Density Factor = 1.08 + [(70 — Blower Dry Blub) x .024)/10]
1 Ton = 12000 Btu/hr

Density Factor = 1.08 + [(70 — 55) x .024)/10]
Density Factor =1.116

Sensible Heating Load (Btu/hr) = 2000 x 1.116 x (55 —40)
Sensible Heating Load = 33480 Btu/hr

Required Heating Tonnage = (Btu/hr)/12000
Required Heating Tonnage = 33480/12000
Required Heating Tonnage = 2.79 Tons

See this example on the following psychrometric chart.
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Example 4: Sensible and Latent Cooling with Reheat

Design Conditions (EAT):
CFM = 2000

Dry Bulb = 90°F

Wet Bulb = 75°F
Enthalpy = 38.36 Btu/lb
Humidity Ratio =.015

Final Conditions (LAT):
Dry Bulb = 60°F

Wet Bulb = 60°F
Enthalpy = 26.41 Btu/lb
Humidity Ratio =.011

Sensible Cooling Load (Btu/hr) = CFM x Density Factor x (EAT Dry Bulb — LAT Dry Bulb)
Density Factor = 1.08 + [(70 — Blower Dry Blub) x .024)/10]
1 Ton = 12000 Btu/hr

Density Factor = 1.08 + [(70 — 90) x .024)/10]
Density Factor = 1.032

Sensible Cooling Load (Btu/hr) = 2000 x 1.032 x (90 —60)
Sensible Cooling Load = 61920 Btu/hr

Latent Cooling Load (Btu/hr) = CFM x 0.69143 x (G1 — G2)
G1 = Grains of Moisture of Entering Air = 7000 x humidity ratio (lbm moisture/lbm of dry air)
G2 = Grains of Moisture of Leaving Air = 7000 x humidity ratio (lom moisture/lbm of dry air)

G1=7000 x .015
G1=105

G2=7000x.011
G2=77

Latent Cooling Load = 2000 x 0.69143 x (105 — 77)
Latent Cooling Load = 38720 Btu/hr

Total Cooling Load (Btu/hr) = Sensible Cooling Load (Btu/hr) + Latent Cooling Load (Btu/hr)
Total Cooling Load = 61920 Btu/hr + 38720 Btu/hr
Total Cooling Load = 100,640 Btu/hr

Required Cooling Tonnage = (Btu/hr)/12000
Required Cooling Tonnage = 100,640/12000
Required Cooling Tonnage = 8.38 Tons

See this example on the following psychrometric chart.
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