Business

* Professional application due Nov 17

— Need to estimate what elective courses you
will take

— Mark how you fulfilled Math & Chemistry
— Major and Total GPA

— Fill out forms and spreadsheet
— Then meet with your faculty adV|so
« Case Study is Chapter 14

— 20 problems, all connected

» Please report Dean’s lecture attendance



Class 29

Heat and Humidity




How Do You Measure Humidity?

Cool the air and weigh the moisture
Chemically absorb the moisture
Correlate some other property, such as
thermal conductivity

— show Kestrel instrument

Use IR SpeCtra How can | use something
that | cannot pronounce™

o ©

Sling psychrometer -



Wet Bulb Temperature

Thermometer

Air Flow

=

Thermometer has a wet
cloth around bulb

Air blows past cloth

As water evaporates, the
bulb is cooled

— Like when you get cold
when you get out of a
swimming pool

The difference between
dry and wet bulb
temperatures is related to
relative humidity (RH)

— No water will evaporate at

— Biggest AT with driest air



Sling Psychrometer

 Two thermometers
— One dry
— One kept in wet cloth
o Twirl the wet
thermometer
— High velocity air
through cloth
« Measures:
— Drybulb T
— Wetbulb T




Other Psychrometers

» Wind speed

* Tdry bulbs Twet bulb

 Relative humidity
o T

dew point




Air-Water Systems

Extremely common
Chart developed for ease of use

LOTS of data on chart!

Based on “dry air” balance
— Like on the HW and practice exam!!

Humid air

> —>

Cooler Nary air

90°F | T
85% RH l

Liquid water

r.|dry air




Psychrometric Chart

Dry Bulb Temperature, °C

0.80 0.85

0.75
Below 0°C Properties and Enthalpy Deviation Lines Are For Ice Humid Volume, m*/kg Dry Air

Figure 8.4-1 (p. 433)

Psychrometric chart—SI units. Reference states: H,O (liquid, 0°C, 1 atm), dry air (0°C, 1 atm). (Data obtained from Carrier

Corporation.)
Elementary Principles of Chemical Processes, 4/E by Richard M. Felder, Ronald W. Rousseau, and Lisa G. Bullard

Copyright © 2016 by John Wiley & Sons, Inc. All rights reserved.

Moisture Content, kg/kg Dry Air



American Units

=) Enthalpy at saturation,
7y 4= Btu per pound of dry air

95

Grains of
moisture
per pound
of dry air
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Wet Bulb,  wl
Dew Point or
Saturation
Temperature
Dry Bulb wemlp 20 25 0 3 0% a0 a5 50 55 % 60 65 70 755 80 85 90 95 % 100 105
kS ES Dry Bulb Temperature, °F e ES

Figure 8.4-2 (p. 434)

Humid Volume, ft*/lb, Dry Air

Psychrometric chart—U.S. customary units. Reference states: H,O (liquid, 32°F, 1 atm), dry air (0°F, 1 atm). (Data obtained from

Carrier Corporation.)

Elementary Principles of Chemical Processes, 4/E by Richard M. Felder, Ronald W. Rousseau, and Lisa G. Bullard
Copyright © 2016 by John Wiley & Sons, Inc. All rights reserved.
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Psychrometric Chart

(yes, | know the obvious nickname)

Air-Water systems at 1 atm -

H =0

H,O,Lat0°C,latm

>
e — Y Air

air,gasat0°C,latm

e -£0.011
1o -E0.010

Moisture Content, kg/kg Dry Air

B 0 £ 0.001
reeereef= 0,00

i Mt

-10 l \ i I—é Caa (i] S ; - \IU : i_ S 0 Sy ' 30 35 . 40 45
0.75 0.80 Dry Bulb Temperature, °C s 0‘_\90
Below 0°C Properties and Enthalpy Deviation Lines Are For Ice MEMd Volume, m*/kg Dry Air .
Figure 8.4-1 (p. 433) For this chart only!
Psychrometric chart—SI units. Reference §fates: H,O (liquid, 0°C, 1 atm), dry air (0°C, 1 atm). (D@ined from Carrier

Corporation.) — M—
Elementary Principles of Chemical Processes, 4/E by Richard M. Felder, Ronald W. Rousseau, and Lisa G. Bullard
Copyright © 2016 by John Wiley & Sons, Inc. All rights reserved.
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Psychrometric Chart

(yes, | know the obvious nickname)

Air-Water systems at 1 atm -

H =0

H,O,Lat0°C,latm

>
e — Y Air

air,gasat0°C,latm

e -£0.011
1o -E0.010

Moisture Content, kg/kg Dry Air

B 0 £ 0.001
reeereef= 0,00

i Mt

-10 l \ i I—é Caa (i] S ; - \IU : i_ S 0 Sy ' 30 35 . 40 45
0.75 0.80 Dry Bulb Temperature, °C s 0‘_\90
Below 0°C Properties and Enthalpy Deviation Lines Are For Ice MEMd Volume, m*/kg Dry Air .
Figure 8.4-1 (p. 433) For this chart only!
Psychrometric chart—SI units. Reference §fates: H,O (liquid, 0°C, 1 atm), dry air (0°C, 1 atm). (D@ined from Carrier

Corporation.) — M—
Elementary Principles of Chemical Processes, 4/E by Richard M. Felder, Ronald W. Rousseau, and Lisa G. Bullard
Copyright © 2016 by John Wiley & Sons, Inc. All rights reserved.



Psychrometric Chart

15
Dry Bulb Temperature, °C 0.85 0.90

0.75 0.80
Below 0°C Properties and Enthalpy Deviation Lines Are For Ice Humid Volume, m¥kg Dry Air

Moisture Content, kg/kg Dry Air



Psychrometric Chart

o 120 125 130 135
T = T e

Enthalpy p

0.75 0.80
Below (0°C Properties and Enthalpy Deviation Lines Are For Ice

e e M
15 20 25\ 30 35

o \
Dry Bulb Temperature, °C 083 0.90

@vmume, m-‘fngD

(m?3 of air + water vapor)/(kg of dry air)

Moisture Content, kg/kg Dry Air



What if | want an enthalpy that is not
saturated? (e.g., at 50% RH?)

* AH ., given on chart
* H = Hsat’d + AHdev

true



Psychrometric Chart

0.75 0.80
Below 0°C Properties and Enthalpy Deviation Lines Are For Ice

\n A

15
Dry Bulb Temperature, °C 0.85

Humid Volume, m*/kg Dry Air

Moisture Content, kg/kg Dry Air



Grains of  Pounds of

T moisture  moisture
Enthalpy at saturation, perpound per pound
of dry air  of dry air

¥ ¥
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- Btu per pound of dry air
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Psychrometric Chart

0.3 Byy

i £ PEr pound of dry 5,

f %
Wet Bulb, * g
Dew Point or 3
Saturation "é
Temp 5
%
= B
% 60 65 70 755 80 85 90 95 % 100 105 “
e Dry Bulb Temperature, °F % El -
Humid Volume, ft*/lb, Dry Air




When working with these charts,
what is the enthalpy of liquid water?

« Reference enthalpy is liquid water at 0°C or 32°F

T

HHzo,LatT,latm - HHZO,LatO"C,latm + J‘Cp,HzO,LdT - CD,HZO,L(T _Tref)

0°C

+ C, 000 = 1 Btu/lb,-°F = 4.184 J/g -°C

« Example: =C, 4.0, (45-32)=13Btu/Ib,

H,0,Lat45° F,latm



In-Class Assignment




Psychrometric Chart
Chemical Engineering 273, Class 29
In-Class Assignment

The psychrometric chart for air and moisture (i.e., H,O) at 1 atm total pressure is shown on the
next page. Please complete the following:

A. Air at 1 atm, 28°C, 70% relative humidity. Label this point A. Find the following from
the psychrometric chart (and show your work on the graph, and don’t forget units):

1.

6.

absolute humidity (h,)

. Wet bulb temperature (Tysp)
. Dew point temperature (Tqp)

2
3
4.
5

Saturated enthalpy (H at)

Specific enthalpy (H )
Humid volume (Vy)

B. Airat 1 atm, 80°F, Ty, = 70°F. Label this point B. Find the following from the
psychrometric chart (and show your work on the graph, and don’t forget units):

L.

6.

absolute humidity (h,)

. Relative humidity (h; or RH)
. Dew point temperature (Tqp)

2
3
4,
5

Saturated enthalpy (H sat)

Specific enthalpy (H )
Humid volume (Vy)

C. Airat 90°F, 80% RH, 100 ft*/min is cooled to 60°F, 20% RH. Assume that the liquid
water leaves at 60°F as well. Find the following:

L.

The mass flow rate of condensed water (Ib,, H,O (liq)/min)

2. Cooling requirement (in tons of cooling, where 1 ton = 12,000 Btu/hr).
Air stream in Air stream out Condensed water out
h, (Ib,, H,0/lb,, dry air) Not applicable
Vi, (ft/1b,, dry air) Not applicable
H (Btu/lb,, dry air)

mdry air =

Mys0in =

Ian 20,vapor out =

m

Q=

H 20 liquid out —




' Air
é(l)r°F > B60°F
0
80% RH 20% RH
100 ft3/min
Liquid Water

60°F



Psychrometric Chart

Absolute humidity (h,) 0.0165 kg H,O/kg dry air /

Wet bulb temperature (T,,) 23.6°C “f’f
Dew point temperature (T,,) 21.6°C e
Saturated enthalpy (H.,) 71 kd/kg dry‘a ity

F

g
&
oo

Specific enthalpy (H) 71-0.19=70.81 §<J7 @d.a.

Humid volume (V,) 0.875 m3/kg d

.....

~-Foon
E0.010
£0.009
E0.008
E0.007
E0.006
F0.005
\ - F0.004

E0.003

e X £0.002
S\ E0.001

e f-0.00

Below 0°C Properties and Enthalpy Deviation Lines Are For Ice

Dry Bulb Temperature, °C 0.85

Humid Volume, m¥/kg Dry Air

35

Moisture Content, kg/kg Dry Air



Grains of ~ Pounds of

Enthalpy at saturation, TOsMiEc.: dHOLD,

h o . per pound  per pound
Btu per pound of dry air of dryair  of dry air

¥ ¥

180 —

Psychrometric Chart

170

150 |-

Absolute humidity (h,) 0.0136 Ib H,O/Ib dry air
Relative humidity (%RH) 60.5%

Dew point temperature (Tg4,) 65.2°F

Saturated enthalpy (H.,) 34 Btu/lb dry air
Specific enthalpy (H) 34-0.09 = 33.91 Btu/lb d.a.

Humid volume (V,) ~ 13.85 ft¥lb,, d.a. N

o o
i iy

120

Xy

o~
‘Wet Bulb, *
Dew Point or
Saturation

Temperature

65 70 75 80 83

40 45 50

Dry Bulb wemlp 20 25 30 35

Dry Bulb Temperature, °F
Humid Volume, ft'¥/lb Dry Air



Grains of  Pounds of
Enthalpy at saturation, pr:?;;zrd pnc-:l?::(;ﬁ:led
h Bitu per pound of dry air of dryair of dry air

¥

e B8

a0

Psychrometric Chart

| ol

1 150}

o 140 E

o D
H, (Ib H,O/lb dry air)  0.025 0.0022

V,, (ft3/lb,, d.a.) 14.4 13.15

H (Btu/lb dry air) 48.5 - .06 16.8 - .042
48.44 16.76

[ o]

| | F,

o f-

#0

L B

EE

~ -
WetBulb,  w ;
Dew Point or 10}
Samration -
Temy .
Dry Bulb wemlp 20 25 0 S} 80 85 g 100 105

Humid Volume, ft'/lb_ Dry Air



Enthalpy of liquid water out?

H = H,o + AT
= 0 + (1 Btu/lb_-°F)(60 - 32°F)
= 28 Btu/lb_(liq)



1
14.4 ft’/lbdryair

Mary air = (100 ft’ /min{ ]: 6.941b_dryair/min

Mysom = | 69410 I3 0025 P HO 1 1736100 HoO,
’ min I, dryair min

rﬁHzo,vapor out — 6. 94|b dryalr 0.0022 Ibm HZO =0.0153 Ib H Oout
min I, dryair min

i Ib H.O, -
mH20,quuid out — O 1736 Ib H O 00153 Ibm H'ZOout - 01583 m 2 .|quld,0Ut
min min min

b H,0
_ [ 0.1583n 2o | 5o B (694”3 dryal °utj 16.76— M
min Ib_(liq) min Ib_dryair

—(6.94”3 dryal °utj 48.44— W
min Ib_dryair

—215ﬂ —-12 925%_1 08 ton cooling

min hr



