CAE 331/513

Building Science
Fall 2016

Week 6: September 27, 2016
Psychrometrics (chart and definitions)

Built
Environment
Research

@ IIT

js=8 )y T
A . . Dr. Brent Stephens, Ph.D.
Advancing energy, environmental, and

sustainability research within the built envionment ~ Civil, Architectural and Environmental Engineering
www.built-envi.com lllinois Institute of Technology
Twitter: @built_envi brent@iit.edu




Exam 1 graded and returned

* Overall grade summary
— Mean: 84%
— Standard deviation: 11%
— Minimum: 61%

— Maximum: 98%

« Undergraduate average: 85%
« Graduate average: 83%



Graduate student projects

« Expectations document on BB now
— Individual projects
— Literature review
— Some modeling and/or measurement
— Conference paper and presentation

 Due dates for deliverables:

— Tuesday, October 18: Project topic
— Thursday, December 1: Final report and presentation in class



Graduate student projects: Topic suggestions

Energy questions
— Efficiency of radiant vs. central forced air heating/cooling?
— Efficiency of different air distribution systems (e.g., overhead/UFAD)
— Net zero energy/carbon design/operation
— Electrical metering and power draw signatures

HVAC systems

— Heat pumps, geothermal, energy recovery, absorption chillers, cogeneration
Green building rating systems

— LEED, Green Globes, EnergyStar, Living Building, BREEAM, 189.1
Moisture

— Dampness, fungal growth, remediation, buffering capacity

IAQ/IEQ

— Thermal comfort, aerosols, ventilation, VOCs
Other

— Electrical, lighting, plumbing, acoustics

Tools you can use:
— Energy simulation, MATLAB modeling, measurements in BERG Lab



Last time (September 15)

* Human thermal comfort Ap = 0.202m0-425]0.725
Q = MA Ap = DuBois surface area, m?
m = mass, kg
! = height, m

skin
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HUMIDITY RATIO

ASHRAE comfort zone
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Fig.5 ASHRAE Summer and Winter Comfort Zones
[Acceptable ranges of operative temperature and humidity with
air speed = 0.2 m/s for people wearing 1.0 and 0.5 clo clothing

during primarily sedentary activity (<1.1 met)].
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temperatures:
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ASHRAE comfort zone: CBE Thermal Comfort Tool

CBE Thermal Comfort Tool

Select method: PMV method
Air temperature
24.6 : °C Use operative temperature
Mean radiant temperature
26 . °C
Air g
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Wa 41 gwkgda
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temp pressure IP discomfort

http://smap.cbe.berkeley.edu/comforttool
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PSYCHROMETRICS



Psychrometrics

Psychrometrics is the science and
engineering of air/vapor mixtures

— For architectural engineers and building
scientists, the vapor is usually water
vapor

— We use psychrometrics to relate the
thermodynamic and physical properties
of moist air



Applying psychrometrics

 We need to understand air temperature and moisture
content to understand human thermal comfort

— In hot, humid weather we design HVAC systems to remove
moisture by dehumidification/cooling

— In dry, cold weather, we add moisture by humidifiers

« We are also concerned about moisture for energy use,
structural, aesthetic, and indoor air quality reasons

* Psychrometrics also involves learning how to use and
combine a variety of moist air parameters



Some definitions for psychrometrics

Atmospheric air contains:
— Many gaseous components
— Water vapor

— Contaminants (particulate matter and gaseous pollutants)

Dry air is atmospheric air with all of the water vapor
removed

Moist air is a two-component mixture of dry air and water

vapor ,
'ooJ
@

Water Vapor

| go@a@
| @“@“@ | 4

Air + Vapor

Mechanical Mixture 1



Standard composition of dry air

Gas | Molecular weight (g/mol)

Nitrogen (N,) 32.000 78.084
Oxygen (O,) 28.016 20.946
Argon (Ar) 39.444 0.9340
Carbon Dioxide (CO,) 44.010 0.03697
Neon (Ne) 20.179 0.00182
Helium (He) 4.002 0.00052
Methane (CH,) 16.042 0.00014
Krypton 83.800 0.00010

1%

21%

Where does water fit in?

78%

H Nitrogen B Oxygen E Other Gases



Standard composition of moist air

Gas | Molecular weight (g/mol)

Nitrogen (N,)

Oxygen (O,)

Water (H,0)

Argon (Ar)

Carbon Dioxide (CO,)
Neon (Ne)

Helium (He)

Methane (CH,)
Krypton

32.000
28.016
18.015
39.444
44.010
20.179
4.002

16.042
83.800

78.084%
20.946%
0 to 4%
0.9340%
0.03697%
0.00182%
0.00052%
0.00014%
0.00010%
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Key terms for describing moist air

To describe and deal with moist air, we need to be able to
describe the relative portions of dry air and water vapor

There are several different equivalent measures...

Which one you use depends on what data you have to start
with and what quantity you are trying to find

If you know two properties, you can usually get all the others



Key terms for describing moist air

Key terms to learn today:
1. Dry bulb temperature
2. Vapor pressure

3. Saturation

4. Relative humidity

5. Absolute humidity (or humidity ratio)
6. Dew point temperature
/. Wet bulb temperature
8. Enthalpy

9. Density

10. Specific volume



Three different temperatures: 7, 7,

e

»sand T .

The standard temperature, T, we are all familiar with is called the
dry-bulb temperature, or 7,

« Itis a measure of internal energy Dry Bulb Wet Bulb Dew Point
Temperature Temperature Temperature

We can also define:

« Dew-point temperature, 7,

— Temperature at which water vapor
changes into liquid (condensation)

— Air is maximally saturated with
water vapor

* Wet-bulb temperature, T,

— The temperature that a parcel of air
would have if it were cooled to
saturation (100% relative humidity)
by the evaporation of water into it

*Units of Celsius, Fahrenheit, or Kelvin

v' The energy needed to evaporate liquid water (heat of vaporization) is taken
from the air in the form of sensible heat and converted to latent heat, which

lowers the temperature at constant enthalpy "




Key concepts: Vapor pressure and Saturation

Air can hold moisture (i.e., water vapor)

Vapor pressure is the pressure exerted by a vapor in
thermodynamic equilibrium with its condensed phases

pw *Units of pressure, Pa or kPa T 1
(aka “partial pressure”) S—

The amount of moisture air can hold in vapor form before
condensation occurs is dependent on temperature
— We call the limit saturation P

Py *Units of pressure, Pa or kPa
(aka “saturation vapor pressure”)

17



Key concept: Relative humidity, ¢

* Relative humidity (RH, or ¢) is the ratio of the vapor
pressure of water vapor in a sample of air to the saturation
vapor pressure at the dry bulb temperature of the sample

* Relative humidity # absolute humidity!

20° C
Water ¢ — &
Vapor p
ws
52 %
Relative

Humidity



Key concept: Saturation vapor pressure, p,,

The saturation vapor pressure is the partial pressure of water vapor at
saturation (p,,,) *Units of pressure, Pa or kPa

— Cannot absorb any more moisture at that temperature
We can look up p,, in tables (as a function of 7)

— Table 3 in Ch.1 of 2013 ASHRAE Fundamentals

We can also use empirical equations:
Equation for p, :

saturated vapour pressure of water

C
_ 8 2 3
100 - Inp —?+C9+C10T+CHT +C, T°+C InT
svp | where
kPa) Cg = -5.800 220 6 E+03

o

1.391 499 3 E+00
50 Cyo = —4.864 023 9 E-02
4.176 476 8 E-05
| Cy, = -1.445 209 3 E-08
| Cy3 = 6.545 967 3 E+00

Pws = saturation pressure, Pa
0+ T T T T T T | T T T = absolute temperature, K = °C + 273.15
0O 10 20 30 40 50 60 70 80 S0 100

temperature (°C)

I
i
Il

19



Relative humidity and temperature

* Relative humidity (RH, or ¢) is a function of temperature

100

svp

kPa) |

50

0

_ P
pWS

¢

saturated vapour pressure of water

llllllllll
0O 10 20 30 40 50 60 70 80 S0 100

temperature (°C)

10°C

Water
Vapor

100 %
Relative
Humidity

20°C

Water
Vapor

52 %
Relative
Humidity

30°C

Water
Vapor

28 %

Relative
Humidity

20



Key concept: Humidity ratio, W

« The humidity ratio is a measure of the mass of water vapor
present in a parcel of air (a measure of absolute humidity)

« The humidity ratio is simply the mass of water vapor that
exists in a parcel of mass of dry air

— Units of mass of water vapor per mass of dry air
* ka/kg (kg,/kdga)
* 9/kg (9w/9ga)

_ mass of water vapor kg,
mass of dry air kg,

/4

]



Key concept: Enthalpy

- Enthalpy is a measure of the amount of energy in a system
— Units of Joules or BTU (or J/kg or BTU/Ib)

* The enthalpy of moist air is the total enthalpy of the dry air
plus the water vapor mixture per mass of moist air

* Includes:
— Enthalpy of dry air, or sensible heat
— Enthalpy of evaporated water, or latent heat

enthalpy increases enthalpy decreases

heat energy in heat energy out

22



Key concept: Density and specific volume

Air density

« Density is a measure of the mass of moist air per unit
volume of air

 Includes mass of dry air + water vapor
_ mass of moist air kg
volume of moist air “m?®

Specific volume

« Specific volume is the volume of unit mass of dry air at a

given temperature, expressed as m3/kg (inverse of dry air
density)

., volume of dry air . m’

mass of dry air kg,




The Psychrometric Chart

« There are both simple and complex ways to estimate these
properties
— Equations and tables (more complex, save for next lecture)
— Graphically using ...

 The Psychrometric Chart

— Plots dry bulb temperature (7) on the x-axis and humidity ratio (/) on
the y-axis

« Shows relationships between T and I and relative humidity, wet-
bulb temperature, vapor pressure, specific volume, and enthalpy

— Charts are unique at each value of atmospheric pressure (p)

« Both Sl and IP versions are on BB in the materials folder



DRY-BULB TEMPERATURE, °C
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Deciphering the psychrometric chart

Lines of constant RH

Dry-bulb temperature (7))

Humidity ratio (W)

Lines of constant wet-bulb and dry-bulb

i i i
!

Const

Humidity ratio (W)

Dry-bulb temperature (7))
Constant dry bulb temperature

28



Deciphering the psychrometric chart

Lines of constant humidity ratio

!
i

Dry-bulb temperature (7))
Constant

Humidity ratio (W)

Lines of constant specific volume

Constant v

\\

Dr} -bulb temperature (7))

Humidity ratio (W)

29



Deciphering the psychrometric chart

Lines of constant enthalpy

Humidity ratio (W)

Constant enthalpy (%)

30



DRY-BULB TEMPERATURE, °C
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Some psychrometric examples

Moist air exists at 22°C dry-bulb temperature with 50% RH

Find the following:

a) the humidity ratio, W

b) dew point temperature, 7,,,
c) wet-bulb temperature, T,
d) enthalpy, %

e) specific volume, v

(
(
(
(
(
(f) dry air density, p
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Some psychrometric examples

Moist air exists at 30°C dry-bulb temperature with a 15°C dew
point temperature

Find the following:

a) the humidity ratio, W

b) wet-bulb temperature, T,
c) enthalpy, A

d) specific volume, v

e) relative humidity, ¢
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Psychrometrics: IP units example

* Moist air exists at 100°F dry bulb, 65°F wet bulb and 14.696
psia

Find:
a) Humidity ratio
b) Enthalpy
c) Dew-point temperature
d) Relative humidity
e) Specific volume



&

®

2

. L \\xm L \\\_\\\\\1‘\\\ 14553 ‘\\ \\\\\M \ \\\..\.: L _\ L \\\\\\ \\\\%\ \\\_\ \\\_\\\ux h\“\\ \\\\\\\‘\ L ..:\ \\\\\\\ E\.\
i N S s St R
y A i VA i VAl ‘AL\_}_ .O_._..<m Em_qﬁ_ﬂ_x L 4. _ k\( { “ ‘e L\‘\\W \_ - \
- TR sl 3RS 0% N1 4,3ﬂ 1 AT AT
PP i pecaniiil AT T zil T RIS TS,
\\ T k AT AT ] T N TS 1 antdil il \
- _ L - i 4 ' H AT T ] 15 \* LA T
X\_\ ; tog _. N (AT ! ‘./1. ‘\ AT \\‘l T @ﬂ ﬂ w ML.\ ! I xx\
UGS I N VAR D, N T A Y
/ S A Ll 74 I 4 i o :\
N N 1L N e e T St [ 72 of 11
\1\\..”..111 l/ it _ (#. n‘l TFTT —~ ! rl + +\‘_ i | | ¢ ! H ~ a6 11 i ﬂx\ &
T incaBiin .,\\‘dm“fr-, U HTHI ..4\ AHOE w AL o [t P il
\, |~ ! sestiil g Tz “\uxl\.& .4.\ G Sl Rt I [ k zetilf rr\
e gy CIW dIUE %2l U B .%.Wn‘, N e LJLIH i, ' | %4 L AT S0k /
| T it ; k,ukﬁ : 17 il LAt N L.“._ Leay
AT/ caat ST U NI AN A N 1 fAlciiee ,\
: 0 AN agee=ad & U n), a1 AN T 7 [3: 3un1vHadwalL 8Ina-Aba | )
: A ! N | | 711 \\.q 2 i _. ; - 2ol T f T ‘J * ONHTETE ] H
\ By h HILr T , - ; B ssl AN L i /)
j » & TN N J1592gsk . =1 af s ‘\.Nw AL 1 | \A\
\Jn'_%«!r \\\ux N .L.x =afly T e X e A i i ] A { ,...._ N\.‘ ¢ d il “
MR T 1111 U NI AR LA Hﬁ\
S A e e i
\ﬂ e T A 5 T N LA (T FLLTAATIIN g FTHTISVTH (1]
\L. #x v‘ﬁ\.‘.ﬂ_ 3 S 2l LI ¢ S il 52051006 sl FALNSC. « ~ ¥l »&.\
il O Eoe 1 s RS 922 LA TITTINGT 2 SRR
i AT 15 I T NG TN T et boaati 7 AN OB P
Y [T :ﬂ e N preg il I} o od Rae T ) T AN L .MW h,n ._Q
n “,1 /11 9y 1V il H TN . A_l # x\vm\. (LA ! 1 | T i \
/ (EATTN P28 N ‘h . e il ~ T ﬁ!w | .-\
ém \w“ vv _ .w' il s .I.\HLu ..w;l—. 1 ...Alr.”“ﬁ.\\ J } \h\ .t...A [ ) ad Llo.\l < 7 ! i ~ - _i
\&\\ S S A R T T TN LR O L e T “\
/| b H e | [T
i e aatliine KL (INCHA T
% \\ \ e ,. [ A A* s %”x'v/ﬁ *I_ ‘\_H( 1+ 4*.. | “
W S &l MM RTINS D }.ﬁ_ (i Al
“vv“n |”X\. 1IN iy o. b mW\-‘ xmx 1 - 1% 117 .:-r ) >\
“ \\\ X i = ATl I | | = .H - § | ) >
N D el A e
e NS R
| TN IR T el
s RN N AT
2 1y 14 %x Il et N,_. AN i
uw ® Y 3“ S AT # TIXIF TN S T \.w
z - '-’ &“\ \ @y \. ‘_.,_4 L . ‘.-__ ~“ (111.0.1 \
& e N KNG e
m %& \\\_ . W 1= N 1m I w%u — ;
5 0 b 1] b e i /
= N %, { TN H1 Af TINLE » f
o g\ i ..“1!. T.i.._.4 P 3 \\
: “ N
~ O = i O /i ERVERR DD st W H
mw M ﬂ . f@ ‘q 4 E ( ... 1.~ ; - ;- “\
i -1 NN ; \
mm 5 i)Y meal/g
SE ¥ NININLAAT R
i TN M o
w 1 /S
. t I AT/
& © i ,
] < 8 i :
i
i (&) s /it
s 3 T\\\ T
L o i W
m s RM“ .....»Po.
w7 Q
T



&

@

®

2

-_\\ \sxm\ \\\\A\\\\\x‘\\\\ L :\ﬂ\\ \:\\M \ \\\.ﬂ\.‘\ L _\x: \\u\\\\ \\\\m\ \\ﬁx\-\&i\ \:W\\\ \\\\\\N‘ﬂ\swt,\%x\\\x\\,w\\\ﬂx mk.\
TS S AlErE __ﬁ =110, AR N Zattil
\ 1 \t e 14+ \\{I o i 2 4 ety T H » 4 h Fz \
sl D e i Saraowes womm i L LA @
gl i \ L+ K e ¥ _ \‘J i 4»\# ﬂ 1‘ L LT AL L m ) *.—F\M‘\
N N T R N T 8w T
“&\-\ i S AT NG AT TN I @{_ _Lﬂ =& iy
AN 0 A . O A AP a0t R =
nsinm i I i \hm LN s 1 4,, A HHIN T s ﬁ\b - N AT /@
g (LA 1 1 &N 3 ol s 8 « HENY FR JEE VWE AL L < :
/ al ./ A1 L N ] N .1 I r.txH LT e -+ D /
J s I \mmm*&mﬂ\ b jil ..rn_ A H T F vm\\fl 1 Tl . /
1.«.. e N %DNW = P W M g N7 i. .\w.. 1. / ‘.ix.\..\. ! h—w MR.J _ : e H\ﬁ
\ .... s 4 | ..\u Hrllr.. 1 \I.‘I \ﬂ\l 1 .-\\\i “1 Fl J 3 <x. Vi **V d § 1 - 3 ..orl\
v..l'&ﬂ u.,y,.. i “u 41 | ‘L.x‘x lw” 1\.\ ,y .o .\rv\\‘ﬂ — .\V.,x ot TRL \\\AW S i ﬂ. 1Pt - 13 \\A“
iy = | SOV 4590%% T RN AV gty U IR Y I Beagth 1y
Y/ avsd - N I A N N MR
it N NI S T RN N SRR VEIV Zgg g2 AN O 30754
\‘zl AT i P 1 | ”ugnunn H s -ﬂ.\‘ .\HA_. \ T A% « apes Kl f " \
i #xmmv‘ﬁ ¥ ..i 4+ 41 \\.. ANIN ..v_\‘.h‘ i Gl - s A_ H : .!: WJ_ \
} AT R T IR ALY .\%Aﬂ AR A e Iﬂr %Wf hn\ ¥
¢ NWV il 0% mvu,ﬁ e 3 ‘h i A x;\.. _ m NG A _“ﬁ. Pl el -\
m\“m i S g el Al 7
A\ \“\\“\ | ,‘."\ AT Nyt *J‘%Mxﬁh_ {11} / L i .rj S
8 “\\\ mﬁ\?/ A T SO Lt R O
{ “““\ I i ) RN R 4,._4#_.._#,1&%&.__{
N“ e N SRR R AT
} e 4114 K>~ 1 Y 4 ’
< \“w“w\ S B T R TR TN D e o il
e T
s Ve AN NPT I e
= \ ‘\ / 3 %_ 90 U 3 N I3 N i I .4
@ o % : AN S . : L
b $Y 7 w &»\ RN TR ) TR % i e
5 - - &\ e AT TN X f
2 0o, / %, BTN b L b ek 1.\
m @.voo \\v il W HES 1Mﬁ1“ [ w% .ﬂ., ..,
g / 11 NN T
g g N SN R e/
M N et
m .movv T NIT .ﬁ 1‘&‘ . i T \
58 p %, ® XN i W\
= 9 N il
8 E X[ i/
mm S i8S e iy
o9 5 o o . 51895 =c (181§
or A L THHLY o
% A l i “v:
: t o anbanwin il
—_ \ :
> (3] ““\ A - :
Y m ® e i
14 ! !
5 . T\\\ T
o33 o il WL
" — il 105
m - wa ¥ b Y
< 2 iy T
w m Q
w



&

@

®

2

_E/

UL \\x Ll \g.\.:\\\ \\\ 1457 \\ \\\\\\ \\\\\: L i \\\\\\ \\\\ \ \\\\ \\\\\\\\ \~\\\\\ \\\\\\\N‘\ L N\\,\N:K\\n.\\,w\\\\h E\.\
< M a7 DRI e 6L AV AR RN P Zad MXL‘ 2 HA\ iz
\ N el T : Jitce .i - \‘G.ml...ﬂzhx.w.&:. Tt .ﬁ.TT,w ’ _ ‘_ﬁ i = . \
0t U P A T awrar-ouwas auamni 17 1L @ il
A ARt T, & L
Mﬂ:‘ il _ AT TN ‘m_s ATTETTT L, ] @‘# H - oo il
e Bt A R TN S % e
¢ ”1. I.I... . N A Pl M ... AT i “m I T | .\T \ @ & A i
\., AT saetl Wt il LN Rt ! [t Wa r.i.m&.—_n\
all .lll y L)% N .%\n N | .1 .L_I}_L.I.H x‘nuw L : HH A D i,
J g - | \\xmm (LF Uﬂ s il A A _... LT / vm\\f.l i = \\
T TR AT TN, NI LA L IN T TN e
\uv‘h ~‘. \q i ". 7 IDN.H b M NA i 3 vﬂg)z : > g \“ L\ \k%;l 3, .W~¢ . ‘g i
/ A= i) M TN AT A NN e,
AL NG N AT E9%sesl [Tk TIEMSVZ N IRV IS IR ¢
HyAn ittt ST TN INTTTETEART A AR
\\.“mu. il ST [ AR L TN f Ll ,M_n atlii | _.ﬂxr*
\} S ; N N H { _ i 134
\L.l#x vx‘\.\._ » Sl \\ & 9 ‘u TTHTITHY 2l - “ ! 3 1 w I ¥l v&.\
vl . i i o S-S G R R i 4
2/ LRI & ANt e ﬁ Y&
“ ““ 1 :m‘r <1 NG .‘\_xnu” E } . X i () ml * \ L1 il 1 IBa %W. : \\
o B e B
\\\ g 2 Mr7INCH LY 2 © [ P 0% i _73 _&“
Gl N
N ““\“ RO @ WU /
i N i L / ; ! AN L W
\ “ -~ PRt g ; : 1 \
4 m “Wf KN = - el TV
s i R AHEAATINT TN i
¥ qﬁ 7 \\ “W\m\\ et y it Mﬂ,* _J.. .J.; .m.w\T
\\\ i “\ - ) ~ A f xw* - 1) /
(o] \ A \\ __ ! : 7T } 1
v iy J L AN HATHL A A B
i &y % 1 A Ay
_N_._ —— f \‘ &y ..ﬁ< .._1 K , .0 4l ;#A A.‘ .L.l [ “
m \ % “ X 5 rHL K Al ﬁ« .
% @% “ 5 [l Vi 1&3\‘ 3 w%s U
m * \A\»w. ¥ ;.wk ,LH Jits, ) 4
[ B 1 g A
m g \yvq.a. 1# M”&M T 1 4
: % NN A e/
5 m % 2z vA@ ) i , .m R . “
> Wt L -
g : A :m
¥ g ) NG _;_;“\
t NN S5 2
5 T i
3 s il
T m 9 e “\
: . 0 “M“\\ ) 88
m . - < B au7
w - 0 =0 ’3“ & ? T\\
3 s/
g



_E/ COPYRIGHT 1992 55 &
JERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING ENGINEERS, INC. 7

/
/
/
i
/
i
/

k
f
-
1
9%
s

. |

@4
7
T
[
-

...
(il

&
A
]
4
T
g
/
TR

/H/(I

&

l/ THfr U/ I//IH//II'

&

&

&

i 10
1 :
i a1 \- ! / \ WERELN
5 o LSSSTN iR A EE==== .
— iy iy e S A" ra 4
% ; ST N NTEERTESS Q /1€ \
va X AN - - A Y A ‘. -
LA ) A e : B e e L ‘\ =
s o Y O - \ - A 3
—— a Y X4/ X ra O - . ‘\
P e 7 3
= A A e ==
4 NIy - A '
Ii . \ \ ’/ _;r:‘l' 8, A_'\I%I \\ 7% X ‘\' —
g \vj \ A i/‘*‘“L(‘” 34— X A/ A ) e
= — A NN Mgl X N \:
vl A‘\ o ‘\ 4 AY — 7. = 1"‘ ra k‘n" ;“ " }‘ o }: :
— A I’ . T If &\ & 1 \.1( : f”(‘%_: 5‘#7 o s 1% :\
——— X1 - 1 X A A =
— i - A\t A a . —— —— . -
S A A, N N N IAEX N X =
A\ N 71 7 v, ey =
‘HX——% ES Al N = al 3 ™ B )
N A S A e A AL S
X b e
N 'S i i \i N ; L %\ l —i\x { \‘; At = E S
RS, =X 5 2 N7 :
SRS’ & N NS B W
e PR o A T U N NG VS D
NS ANEASEER P Se=izas~= == PR 2016
NN A S S TR S G R
A A mSEEy CEEaEa=auELfus
t T o - - - -
= - N AT A e A
Wet Bulb Temp 77 XSt —Co i e
AT RS AN \ ! T E=N3
- . ' - o -~
T . =~ 650F AT T Pt e N = NE
wh B NN N T N2 TR
1 — v B 4 W S . ' . - " = e .1°° 2\'\
— ‘*‘;@r“{ N T ¥""Hfﬁ..xj.\—“4- R Xt
AL TN Y % v = =
T - A hy = g . FE
Humidity Ratio
W~58Ibllb,, -
a =2
3 - — - 1
L + - 1 I

'
T’:".- v I\ N i ——
R - p———
SN\ :

- SR 3
EERSEN _ A : Dry Bulb Temp |
A== EEe e en T S SlEESNeE: E = SWENLEES NS ES L | o S
’, CRERRE=s AEESREET, SEtE s & =HXF EERSiEsNaEa  — E; T~100°F E.
: A e REECPERLC SRSESLSSSsESsL SERAERE T ESEE s A A TNE
o et T3 PN o RN %\ == j;- =t e R I W R S E
_— s '\\‘,;\ S SRS S ’\\\”\A\ e a.,‘\dé: S S \\\r 5{ *'\i‘f\\'

&

&



_E / COPYRIGHT 1992 55 6o
JERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING ENGINEERS, INC. =T

,_
1
=
1

~H;
~4

%f
jh
il
71

|
1 1 10

200y
! é?
T
i
/a
-!
1
-~.
»
L

i
i
L)

...
;z

M| |

)

I

i g
A

. N
AN
:

14

|

|

T

L

4

Y

+
/Hy(/

TR
Nt
!
|
|

T

AT

A
!

H-ﬁ'

%
i
i)
!
~
~
<
¥ ‘; '.l
<AL
%
-
I
;
_F
||
1
L]
II/ iy ’l/“ I//If‘///l/

1
el
N
"
1
-
sk
rEE | A

AP“”
N

e

S
S
-~

?' Pos
?
S
-

!
it
P

=
D
-~

3
$

y‘%

f

i

/’N /]
W

4/#

t
U
!
( [
N
N ::>~"
K
it
~,§'!
,.574
s
ot
”'",_z
2
B
I«
i
[H]
L
I
‘]HH‘V”P’

%

B

)

My

/

i

i,

/

,Fﬁ
_4:,.rﬁ NG f.

7
.lh'//f / /l//l'll

L P ———— . XA ;- {
S AV X LA X AT
& W 4~ B \ o 4 1 \ V A——— ra Nl N -
Enthalpy ® "ﬂ@ S A 2NE A T NN N NS AT T b
A AT SR e \ 2t L i b A — = - N A };
§\ 1 . -
A’b = :E; ':’ IE!":I-IA,I I:) ‘s::zaF:?{ ~1%/fk s N T = - : x ‘.: “1‘11‘;, P . \ % 2. !ii' 5:5:

,,
X
T -

i

|
I/I/I /I /I// f//”/ i //:/.'f//f

o P PR AN

I
\
\
|
i
1[5

i
+f
-t

& T - .ﬁi?gix. T o 1= “. ) y y T= K;
\;@ S X X “\f"u. S e e aSaNSE
NP o AN O G TEN AN
. $

pe );
PR A A LT
HUMIDITY RATIO, Ib, b,

> - =
- 9 SSSEET SE2Z=sheSsims ANEEERSSE eat]
Dew Point Temp S /% WetBubTemp & .- e
\\ - 4 ——— - - 3 A ¢ .x ‘\. T~
Tdew"’ 40°F 2 L5 \\v{\\\\g‘é‘%\@} Y Tw ~ 65°F AV ESEREE: A= =
e 1 A = = AN P AT —012
: P AT e X EESERES AR SSSa ==

S Eriesiavsgieere SSmizgmi= BREERY S =
&&3‘:}%\\“ SN e S RN N Hum|d|ty Ratio gy
- AT \A_ W~ 5.8 Ib/lb,,

S U j‘

= = \ o - [\ - - s
t (= - -t - —— 13 : = N
: et ES) ‘ gl EESiES ‘\S&, EEE
r— N o a2 ; r ¥\ - A=A s S " v e v

s T g . ) B - =i p b w— 4\ '\?"?*‘ s —

= 2l s ST i N N AT MRS ot

= - o - : - \ 3 3
40 - = . ESTNE - A T .2

3 + - -

rr//]}}/iy//ryiﬁf/r 77

= — 3 SET SSS=sEf IsegEEdEe N S=gz=s==
{ ;;?»_ - =1 = _; t ;Yi] eSS '; R == .. - :. S ::EE;S" 3#3:3;5&3:*; - -
==S=laeEag =SEESS | SEESRen : Dry Bulb Temp

: - TS\ ¥ _; o

; LN Nt
—‘I:L—\"-?

CE Ve ~ SE e

A== BT S S e

el

51
|

/i

e,

1
7

11
=T

ﬂ

25

&

&

&

&

&

&



&

&

2

S
n &\m\,\\::h:w\:wg mh—\
glotilivediniidis \\iuh\ mﬂ\,\\ ! * I tﬂ ‘ xh‘\
Loyl EIE =il gt 74l il St
SR a7 T o v raamni Tl € a)
\”. N B e AT T (IS IZS AT O sl /. ! 2 & T
] T 3 TN = 81 il B 41 )00%
it S R BN 2 iy
7 W AL19 ol At 1§ I [ ‘\1 ./v.\ il i /L o o \ e ._—/f. = 2 i,wﬁ,\.«.
AL st T AT 2 X e i
i i N LB N > s
IIRC o U A kgl AT N EAT L — HE /
TH N : s : 4\\,%1 ”W /.ﬁ m % L - D =2 '/
& A .J SUBI It P i, il il Tl ..H_ T W Jili i ” m\
s s e 2= el
al J“/I....m /] - \W 4 \Umw%ewf 11 .\Nx,x vamI 30 e ‘, _. TH TN ”4 N1 J .ww.. A H [ .H.\H% 1 aul\
= ! A1 1 LN B : : Bt o1t N 11T : |
el } il sl i :f/;. ATTTETT: iy A B\ I LU i
\un.hx ..W 3, - i il IVI ﬂ.nl AH * “A‘\ H 1114 F‘Aw 1 1 R \
DA TR e e L 81y
i :111 .'.A.O lrl. e » I L . .. ¢ +44- 11
\. i i it u_)v_ T wl; Bt e 0 LA i o8]
:\ - e ! H g x‘v..tn qm g I ﬁv W 1%”&.‘%, B A 11T * J“x.hf \ ! AW.H .. H..LHI \
\”m\.. N S 1 ™~ \IA‘ . IR ;1<\.w u a gl TS x...1.4.r \.\., \f r [ .W
i il a0l AU AN i id P it Wl ANl
\. = ._ ST H R Ay UL ) LL ] | m > T { > %\\
& \m\j LA . %_.nn..xuivuy IHI e ... 15 P - n—vhv , ) H WA.‘..',. e = ’
n ““A ! \11»1”1 4 m\\ N ~.. uv_u ,“bn—. J,f m © ..m\ | ; 1 WM = ,. 7
U e L 2 SR R
A v“u 5% i l7xum A T 1 /* B 2 h LA 1 4 _.4 + u 03 :
M \\w \m \mwwr\ A :dnm nwh41. ’ i -m T [ »ﬁ %' [ JIQMf_ \Mlqﬁ\ H « \
sk N T
<N e 2 L
Amk \_\“ um\\\“«:‘ N u‘ H; . AN _%\ T ..l.ﬁ ﬂ :..: i m It
@ mx\\ “‘“\ \\““&N\\\ ,J Vg B w ! ?_ ) : \
N T NN r T,
O et i 1 el /
. / 2 i AT 7 Vil
: Vet ai A
o 0/l g Rl i N AR o i e 148
i A f o | vﬁq N LR - \
5 e / AN\.v r,u@y. NI )\t I
M m & “.\\ _w A« ;_ ,H, e ! A :
W & &* N L aib .. Tl oA = \
z % \“y:., INTRS A # i
E &\ f \\ \ ‘ﬁ_‘ i\ B j 17
c o.wv \\ 9 N o N \
g C \\“\ NI st
g £ 4 1 SR U Hey
< LI > i a7
g2 \\\\ AL w.‘ Y
C 2 X \ ety <
2 £ a a h N LTSS
% W g y” m “A\ ”\\ ,,u 1 AT .x\
o ou - A ] _ .
8 o o 2 b= AA f ..
: © «Q 2 il
3 W O - e/
b o < T 4
E i [ 2
g I a
4 3
wl
T



_E / COPYRIGHT 1992

AERICAN SOCIETY OF HEATING. REFRIGERATING AND AIR-CONDITIONING ENGINEERS, INC.

Il

i
i
L)

P 2 N —1—X Y
— AN T N/
X WA NEEERALN T PO

Y

II/IHI// ll/ Il/h‘///l/' 7 f7 (I/

Yoo
sh P e
— e e e S
TR = W s
ST

Enthalpy

A’I . / ~ :‘ - \‘
P St \ : B =Y T4 8% Y INC
ST NTA X Akt A
——aa . L \ N7 I\ . ==
—— - - SN
NCLAEEA AL eecl By A EE=T
W X \ 3 TN ", % \%
4\\\\}{§‘§\\\~:\ ) I ?\‘ S N 1’ X N
_ L3 hor 4 X AN A X
A oy SSEaE=S EEE eEas
Q P \\\\\W 7777 aw ?’l \ — &i‘aik LY N s . ] a5
e y .2 w— y o—— -
——— AT AV AN A pecific Volume R
S AN \
e e e S S S — %‘ $ %“"’ T—“” 7“ |2 14 23 ft3l|b \- :\
SRS S \ 1 . V= m =7 -
B4 va t S
X R Ay _— - -
NN \ . \1—/ = '741'@—5_'\4 = ;r = E= S

h~30Btullb .

& <
\ e

i A=

-
P
- o

“1 i

Dew Point Temp &

Tdewa’ 40°F 25 < ‘.. : "**

P — e
A ——— N —— ———— ( "ﬂ >
Ay
A%
X

z \
=1 ‘;/*1?} 1/4 *.* ,}, ‘.~ -
=—— s T

i
o | T

8

Wet Bulb Temp |

T,,~65°F

edl

& i
HALTHIY
lM‘T 1

HUMIDITY RATIO, Ib, b,

7 : EewE= \
—T - "{7 Q — \\‘! v j_“‘
; "4_’*1* =S=it \‘,) \Z Z51z
- i\iﬂ X*Iﬁ ATy N

. -
- —T Ty R S .
A RO - - ) |
¥ > . PR O o s

Humidity Ratio

"
3 3

1

f/l/l /I /I// I//IEII/U f/:/.’lylif/f

W =58 Ibllb,

- 7 A% ‘I
— X !
e T T = -
P e S Koo 700, ‘
P ————— N A A\ 28 N\ e A
~ <
~ + - \
1 $ 3
— AT e

Safh

.

;
T
A

- 2 T o
> 3 ] ————— -
X 1 5 - T
) AR Ny U *.‘ -—
a e ¥ .

s ey O

- X N AT : T M T O, | e

v =

il \‘-%
*%’
|

e - RET== .
Setiar S us BECrSEREeCnass

<\ Relative Humidity L=t

To=—\- =R AT s NN )
’ e R T = 1é¥% HSE et s
e e E%r\aar

Dry Bulb Temp
T~ 100°F

L T S

r//,"?myn h'/i('/!/r 77

}7777!

——

JESAN
B 4:4"( =8
\;\ A NS

&

&

&

&

&

&



Applying psychrometrics

e ’ « We can also use psychrometric charts or software
Sp——— - — 2 — Psych and Psychpro
’I (4] » Very popular psych chart and analysis software
* | think at least one of these is in the AM 218 lab
et ~ ="+ There are a bunch of online calculators as well
= = = = — http://www.psychrometric-calculator.com
e | _— — http://www.sugartech.co.za/psychro/
m i S — http://www.wolframalpha.com/examples/
--‘?*?’ Psychrometrics.html
7 « And smart phone apps too

P * You can also make your own (i.e., in Excel)
- — You will have a HW problem where you have to do this

Psychrometrics also involves learning how to use
and combine those quantities to determine things
like sensible and latent heating and cooling loads
(i.e., processes) (covered in a future lecture)
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