Psyvchrometrics

1) ldeal Mixing

2) ldeal Gas Air

3) Ideal Gas Water Vapor
4) Adiabatic Saturation



Ideal Gas Law

AVOGADROS LAW

One (1) mole of any gas=22.4liters.
6.023%x10* molecules/moleof gas at
STP (latmand0°C)

BOLYES LAW

Py XV =P, XV,

CHARLES LAW

IDEAL (PERFECT) GAS LAW

pv=RT

pV =mRT

p - absolutepressure, psia, kPa
T - absolutetemperatue, °R,° K

R= R’
molecularweight
Ibf/Ibm’R
Ibmole
kJ kPam?

or
kmole°’K  kmole°K

R"=1545.15

R =8.314

mass = molesx MolecularWeight
m = nx MolecularWeight

pv=R'T
pV=nR'T



The specific volume of air at 75°F and 14.7 psia

. _RT _53.35ftIbf/lbm R x(459.69°R + 75°F)
p 14.7 Ibf/in® x144 in?/ft?

v =13.476 ft*/Ib

The specific volume of air at 24°C and 101.325 kPa

,_RT _.287kPam’/kgx (273.15°K + 24°C)
p 101.325 kPa®

v =.8417 m°/kg
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Specific and Relative Humidity

Basis of calculation -11b_dryair, 1kgm dry air
mass water vapor

Specific Humidity, Mass Fraction, = :
mass dry air

pVvV
_mass water vapor ( RT)M1ter  Poster MW T
mass dry air pV Py MWT,,
RT air

. 18p,,
29(pambient o pw)

(12.43)

actual mass water vapor
mass water vapor at satu ration

Relative humidity = ¢ =

pVvV
_actual mass water vapor B RT
mass water vapor at saturation (p\y )
RT

saturation

p=Lu 0 (12.44)

g w

H = Hair + HW BTU/Ib kJ/kgdryair
h=h,+wh,=cT +wh, =cT +wc,T

dryair ?



Metric Psychrometric Chart

A e () Moran Table A-9, A-9E

Barometric Pressure: 101,325 kPa

©1992 American Society of Heating,
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Given, 25° C, ¢=50%, ASHRAE P cha o1

barometer 100 kPa.
Find :

a) Pair

¢) specific humidity, w
b) specific volume

) p=tv
Py

p., = #xp, =.5x3.1698
p,, =1.5849 kPa NN dasgas (e St B SS=EAEE
pa = patm - pw = 98415 kPa \\i > ,_ 1. 1k 2 ‘I e ’*"’ 5 --{m, _ ﬁ ;‘5\: &‘y \;

29(pan-p,) (1004 PSRRI R GRS RN

|
—
1
Bad
=
YElRl]
’Ll T -_,"
/’I. Ifl ‘l’

BSEAY

b) w=

c) v=v,, =R, T/p,

287 <P2 789,15k
v=—7 MK = 843kg/m’
(100-1.5849)
V - Vvapor - wRVT/pV
4615 P2, 289 15k

vV =.001x m’K = 842 kg/m® .
1.5849




Given:lb moistair, 75°F,
¢ =50%, barometerl4.69psia

Find: p, @,v,,m,,m,

p C ]" “ 20 g < ,"""L‘ =y "* Ty :\‘. ”!"’w;ﬂa"‘( N A T \:‘ ™
¢ . W o w3 & i PA S AL A X IO A ]
g b AT ot 8L NI v W v S i

=8 Pu  _ gy 21508 PSS r e e
290, —P,, 14.69-.21508 e e e

®=.009241b water /Ib dry air LSS
ov=RT =S S e MR G e SOR T 3 RN S
RT _, 53.35x(459.69+75) S
P (14.69-.21508)x144

p.V, (14.69-.21508)x144x1ft’ _
m,= RT 53 35 (459.69+ 75) w=.093 Ib water/lb dry air

.............. h=28.5 BTU/Ib dry ai
pV,  .21508x144x1ft’ ry air

m - =.000675b . _ ___ _ 550
"7 RT  85.766x(459.69+75) Tgp=95"F

. — .. —.v=13.68 ft*/1b
mV =.00924Ib water /lb dryair (check)

a 8
T,,=Tatp,=.21508=55.1TF

}
|
D, =.5x.43016=.21508psia e PN 'A s R l
{
|

=13.685ft>

V,=m

Psychrometric Chart
=.0731lb




Adiabatic Saturation

1 2
db whb
— b —
/

basis of calculation 1 mass unit dryair
Steady Flow Energy Equation
E +E =E

hal +w1hv1+(w2 _wl)thZ = h2a +(,02hV2

air+vaporin water added air+vapor out

substituting,
(hal _haZ): Cp(Tl _Tz)
(hv2 _hfz): hfg
Cp(TZ _T1)+w1(hv1 +hy,) = thfQZ
0, = thfQZ _Cp(TZ _Tl)
(hvl _hfz)

wwbhng _Cp(Tdb _wa)

(hvdb _hfwb)

W=

1) h,, = saturation vapor enthalpy @(T =T,,,p=p,)

2) hvl - hg@ Tdb

3)h,=h,@ T, +.45x(Ty, — T,
Hh,,=h,@O0F+.44x(Ty ~T,,
for 75F db,70 F wb

1) h,, =1094.07 BTU/ Ib dry air
2) h,, =1093.9BTU/Ib dryair

3) h,, =1094.05BTU/Ib dry air
4)h,, =1094.80BTU/lb dry air

)

)=1061.8+.44x(T,,)

Exact
easiest to use
most accurate

9



Adiabatic Saturation

basis of calculation 1 mass unit dryair
Steady Flow Energy Equation
Eair+vaporin + E — E

hal +m1hv1 +(0)2 _wl)hfgz = h2a +0.)2hV2

water added air-+vapor out

substituting,
(hal_haZ):Cp(Tl_TZ)
(hvz _hfz): hfg
Cp(Tl_TZ)_I_ml(hvl_l_hfZ) :mzhng
0. = mzhfgz _Cp(Tl _Tz)
© (hyhe)
17
mwbhfgz _Cp(Tdb _wa)
(hvdb _hfwb)

0 =

10



95 F db

65 F wb

14.7 atm

Specific Humidity ?

T p h, h, h

9 g9

Ty 95 1102.6
T,, 65/.30578 33.08 1056.5

psaturation (wa) _ 622 % 30578
Patm — Psaturation (wa) 14.7—-.30578

W(Ty) X Ny (Ty) +C, Ty, — Ty
hy (Tep) =N (Tos)

w(T,,) =.622x =.0132 Ib water /Ibdry air

W(Ty,) =

0132x1056.5+.24x(65—-96) 13.946—7.2
1102.6-33.08 1069.52

w(T,) = =.0063 Ib water /Ib dry air

11



1) h, = saturation vapor enthalpy @(T =T ,p=p,)
2)h,=h @T,

3)h,=h,@T,, +.45x(Ty —T,p)

4)h,, =h,@0F+.44x(T, —T,,)=1061.8+.44x(T,,)

for 75F db,70 F wb

1)h,, =1094.07BTU/ Ibdryair Exact
2)h,,=1093.9BTU/Ibdryair  easiest to use
3)h,, =1094.05BTU/Ibdryair = most accurate
4)h,, =1094.80BTU/lb dry air

12



Air at 40 F db, 35F wb is heated and
humidified to 70 F db, 40 % relative
humidity at 14.7 psia. Find the
mass of water added.

. 35 F 19
35F
40 F
0, =.622 09998 =.00426
14.7 —.09998
¢, (T,-T,)+wy hat 35
=

h,at40—h,at 35
o - 24(35-40)+.00426x1073.5

' 1078.7-3.004
w, =.00314 Ib water/ Ib dry air

'
_ DAV WA SAW
e i \ 60
R :,;_"
St
A K & \ 4
A e N
®, =622 P
patm - pv
P, =#xp, =.4x.36335=.1453in Hy
w, =.622 1453 =.00621
14.7 —.1453
water added
w, —w, =.00649-.00326 = .00323Ibw—ate_r
bdryair 13
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USCU Psychrometric Chart

ASHRAE Psychrometric Chart No. 1
Normal Temperature
Barometric Pressure: 29.921 inches of mercury

©1992 American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc,
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ENTHALPY

h=h, +wh .,

Nyapor =N @Ty,

h=.24xT, +wx(1061.8+.44xT,) (1)
h=1005xT, +wx(1061.8+1.8xT,)
SPECIFIC HUMIDITY

patm = pvapor + pair

0= E pvapor — 622 pvapor (2)
29 Pair Pam — pvapor
0 = (wx hfg )wb + Cpair(wa - Tdb) (3)
hvapor - hquuid
db wb

RELATIVE HUMIDITY

pva or
¢= : (4)
psaturation @ Tdb
SPECIFIC VOLUME
v=Vv, =1x Rlg, (5)
pair
V=V = xR ©)
pvapor

To Build a Psychrometric Chart
selectp,,,
repeatedly selecthand
with h find T, from (1)
with w find p,,,, from (2)

with w find T, from (3) by itteration
with p,.,, find @ from (4)
with T, find v from (5)

P vapor

Common HVAC State Point Specifications
T,,andT,
gandT,

Metric English
c,air  1.005 .24

Coiaa 418 1.0

1.8 44

p water ' 15
vapor

C



PSYCHROMETRIC PROCESSES

Heating-Cooling

Cooling-
Dehumidification

Humidification

16



ASHRAE Psychrometric Chart No. 1 AFEIR
Normal Temperature Q
Barometric Pressure: 29.921 inches of mercury \_E

©1992 American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc

02
60
Sea Level

Heating Cooling

™ 85

<l
BB

Humidiny ratio. pounds moistre per pounsd dry anr Jbc]

o

ey Bl R s L

/s

W = constant

p,, = constant e e
@, Ty pup» V = Varying
Q=AH=AH_, +AH .,

Q =My air BNy + My e © AN e vanor

et AT, K, BTU
Q=m,, .. 24AT+m,, .0 45AT, ki, BTU

Q - rndryair Cp AT+ mdryairw C
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Cooling Dehumidification

a Level Sy v R\ L
f Q s N A e
v apparatus_;_} ,— TN AAY . N R A TN
A(L) NN 0 At o SO LA WU S0 R RN 0
kg water D g e e A W e
condensate =w, —w,, ———— s R EE L v S
kg dryair RO S S

Q=AH,. ., +AH +AH

dryair water vapor condensate

mq =Ahair +w2Ahwatervapor +((L)1—002)((h1 _hl )+(h1 _h2 )j

dryair vapor liquid liquid liquid

M:Ah art W, (hy, —hy,)+(w, —w,)(h, —h, )

rndryair liquid liquid

Quensible =Cp ATgryair W, C AT

dry air 2 “pwater dry air + (001 - wz)cpliquid
air vapor water

Qlatent = (wl _wZ)(hl - h1 ) = (wl _wz)hig

vapor liquid

AT,

dry air

Sensible Heat Factor, SHF = Quensive 18

sensible+Q latent




Conditioned Space = smue

— e s - S e
QATEYEWAT A
L Y i e B 4
F 4 S = 'y W 08§
o i SN R L
£ 4 v —~— \—t
Wi an \\B 026
p A A et ) A N o = ’
y ~ o
I VTN SRVART :
o/ = e p |
i O = X \—
== ,/\ \ e | \

/ s
SR ,_:-. ) ’ space conditrens

mass water - / , : \ \

water gain = Aw, : TR
mass dryair : S sqppiy S St
Q = AHdry air T AHwater vapor + AHcondensate N : R N I et £

qsensible ( )
= Ahair + wSAhwater vapor + wR h R vapor - wSthapor
mdry air

qsensible
= Ahair + wSAhwater = Cp ATdryair + wSCp ATdryair + (wR o wS )Cp ATd
mdryair vapor air water liquid
vapor water

ry air
dry air vapor liquid R

Sensible Heat Factor, SHF = Quersivi
Qsensible+Q|atent 19




Adiabatic Humidification

ASHRAE Psychrometric Chart No. 1 PR ,“B
metric mercury \_&_/
é N

Refrigerating and Air-Conditioning Engin

/—'—‘r\*?*rﬁxf\*"v'a
T W

H,+H, =H, 3y
m.h,+mh, =m_h,
h1 T (002 _wl)hw = hz
hz - h1
W, — W, ~
Ah e e e
AW

Qsensible = mdryairAhair + mdryairwlAhwater vapor

Quier = (0, —ool)(h2valoor —hlvapor)steam humidification

Qlatent — ( wl) (h 2vapor h1|iquid )Water wash

A \ .
o 8 \;,\;f\); LRI U R

e T i, "h = 1164 Em;flb:

e
A
WL
R
S
J
D
/
i\ 'I’
-
/"
L
._/_*.

=h

W
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ASHRAE Psychrometric Chart No. 1 AP
Normal Temperature n
Barometric Pressure: 29.921 inches of mercury \_E

©1992 American Society of Heatin|
ri ing and Air-Condi i ngineers, I

q, =Ah=Awh,
d, = Ah, = Ah—Ah,

SHF = —1s
ql +qs

Ah-Awh,
SHF = <
Awhg, +Ah—Aw hy,

o T e P T R SRS ot o I A \-
9 g 2! 8 8 e el 3! 8} 2 g
10 15 20
—_— — | I Dry bulb emperature, °F

f
SHF= 0w 7
AN b, —h
po s
Ah  hy

Aw  SHF-1
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ASHRAE Psychrometric Chart No. 1 AFEIR
Normal Temperature A
Barometric Pressure: 29.921 inches of mercury \_&

©1992 American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Inc

Sea Level

Mixing

H,=H,+H,
m._h.=mh, +m,h,

Aql—>m — A(11—>m
h2 mle(Tm _Tl): mch(Tz _Tm)

m, _ (TZ_Tm)

mm:(m1+m2)ml+(m1+m2)m2 m, (T,-T,)
22



10 cubic meters per second of 10 C db, 5 C wb
air is mixed with 6 cubic meters per second of
air at 25 C db and 18 C wb. Compute the mixture
conditions and compare them to results from
the psychrometric chart.

Ptl -10cdb,5cwb

_.622p,@T,,
Pam — Py
o — .622x.8725 kPa
% 101.325kPa —.8725 kPa

Coa (T = T )+ (@032 XN J@T,re

"

gl

=.0054 kg/kg

' hV@Tdb - hW@TWb
o - 1005 Ki/kgK (5-10)+(.0054 kg/kg x 2489.1kJ/kg)
. 2510.1kJ/kg —21.02 ki/kg

w, =.00338 kg/kg
_p,V _ (101.325kPa —.8725 kPa )x10 m*/sec

“TRT  .287kPam’/kgx(273.15+10)
m,, =12.36 kg/sec
_p,vV_ (8725kPa)x10 m*/sec

m, = = . =.0668 kg/sec
RT .4615kPa m°/kgx(273.15+10)

m_ =12.36+.0668 =12.427 kg/sec

hl = Cpa(Tdb)+ wl X hvl

h, =1.005 kJ/kg K x10 +.00338 kg/kg x 2519.2 ki/kg
h, =18.56 k/kg

Chart, Pt2 25Cdb,18Cwb

w, =10 g/kg

v, =.858 m*/kg

m—— 9
? 858 mlkg

h, =50.9 kJ/kg

=7 kg/sec

Calculated Mixing
m,w, =mw, +m,u,
m,=m,+m,

m m

Wy = m; W, + ;wz

o =123 00338+ —"x.010
19.36 19.36

w,, =.00577 kg/kg

h =130 1856 kikg+——x50.9 kilkg
19.36 19.36

h, =30.25ki/kg

Chart Mixing
distance from point 2 to point m

2.651n x@ =1.6861n
19.428

read w,, =6g/kg and h , =30.5kJ/kg
23
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24 BTU/Ibm z@\ -

+wh

vapor

h = hdryair
at100°, ¢ = 0%
h=.24x100+0.x1104.7 =24 BTU/lbdry air

at100°, ¢ = 60%
h =.24x100+.0252x1104.7 = 51.84 BTU/ Ib dry air

= } =
e N

N T

ENTHA, (h) BTU PER POUND OF DRY AIR



Combined Processes - mixing, cooling and dehumidification,
reheating, conditioned space.

1 Outside air

R Return air from
conditionded space

2 After mixing

3 After dehumidifucation

S Supply

:
I Q water Q

26



Combined Air Processes

ASHRAE Psychrometric Chart No. 1/
Nom ature

Winter - Heating

cool

Summer - Cooling

~0O

\

3
1 2
a|

\

Pre-heat | T | Heat Humidify

R
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Natural Draft + Air water vapor out

Cooling Tower /

Hot water
/ '\;\Air water vapor in
Cold water «~—
I l blowdown
makeup

Mass Balance Energy Balance
Mairin = Mairout net energy lost by liquid water =
Mass waler in —mass water oul energy gained by air + water vapor
mhot water + mmakeup + mairwin

— mcold + mblowdown + mairwout

water

_ 28
mmakeup - mair(wout o win)



Cooling Tower Example

An evaporati\e counterflov air cooling tower
removeslx10° BTU/hrfroma waterflow.
The temperatue of the wateris reducedfrom120°F
t0110° F. Air entersthecoolingtowerat 90°F and
60% relativehumidity,and theair leavesat 100°
and 82%relativehumidity. Calculatea) theair flow
rateand b) the quantityof makeupwater.

2
100 F
82%
. 120 F / t
%0 F /N
60%
| |
1 2
110 F

o 18x.6xPyoor 18x.6x.69904

' 29x(143-.6xp .. ) 29%(14.3-.6x.69904 )
w, =.01876 Ib water/lb dry air
W, = 18 x.82 x.95052

29 x (14.3 — .82 x.95052 )

Mass and Energy Balance
AQ.,, =AQ,.. =1,000,000B TU/hr
Assume makeup and blowdown at 110°F
Quair = M,C,AT =m, x.24 x (100 - 90)= 2.4 x m,
Q,, =M, xw; x¢,xAT =m, x.01876 x.45 x (100 —90)
Q,, =.0844 xm,
Qpo =M, x (002 _wl)x (hleOOF - hleOOF)
Q,, =M, x(.03578 —.01876 )x (1104.7 —88.)
Q,, =17.3xm,
1,000,000 = Qi +Q,, +Qp, =19.78 xm,
m, =50,556 Ib dry air/hr
mass air =m, +w, xm, = (1+ w, )xm, =51,504lb/h r
make up =m, x (w, -, )= 51,504 = (.03578 —.01876 )
make up =876.6 Ib/hr

=.03578lb water/lb dry air
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