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Skeleton Psychrometsic Chan
1. Dry bulb temgerature iine
. Moislure content line

. Moisture content scale

. Wet bulb temperature line.
. Specific voiume Tine.

. Enthaipy scale _‘
. Reiative humidity fine '

. Sensible heat factor scale

. Enthalpy devigtion from saluration.
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( Alr Conditioning Process
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FIGURE 1

The following definitions are referenced in Figure 1.

1. Dry Bulb Temperature: The lemperatisre of akr read on 4 standard thes-
mometer and shown on the char! by straight verlical lnes, Scale is al
bottom of chart. Unit — degree C, abbreviated DB.

2. Wet Bulb Temperature: The wet bulb temperature ahove 0° C is the lem-
perature indicated by 3 thermometer whose bulbs is covered by a wet wick
and exposed fo a stream of air moving at a velocily of 5 meters per
second. Wet bulb temperatures below 0° C are oblained from a ther-
mameler on which the water in the wick has frozen to ice. This is the
reason the stope of the wet bulb temperature lines changes betow (° €,
Scale is on curved line at left edge of charl. Unit— degree C, symbol—
WB.

3. Moisture Conlent: The mass of water vapor in each kg of dry air. This is
also known as specific humidity. On the chart, these lings ars straight
harizontal lings at right angles 1o the dry bulb fines. The units used ars
kg of moisture per kg of dry air. Symbol is W.

4. Enthalpy: A thermodynamic property which serves as a measure of the
heal anergy in 2 system abeve some datum temperatute, for air 0° G and
water 0° C. In this case, i represents the energy in one kg of dry air ang
W kg's of moisture associated with iL. Usits — kJ per kg of dry air,
symbol — h.

5. Specific Volume: The cublc meter of the mixture per kg of dry air, symboel
e VL

& Relative Humidity: The zatio of the mol fraction of water vapor in a
mixture to the mol fraction of water vapor in saturaled air at the same dry
bulb temperature and barometric pressure. Unit — percent, symbol —
Greek letter phi (&) or RH,

7. Sensible Heat Ratio: The ratio of the sensible heat fo total heat in a pro-
£ess. Unils — none, Symbal - SHR.

8. Stardard Barometric Pressure: The chari has been made up for standard
sea igvel harometric pressure of 101.325 kPa absolule.

9. Enthaipy Deviation — The amount by which the enthalpy of the air
mixture deviales from specific enthalpy at saturation.

lltustrative Exampies;

Problem 1: Given raom conditor: of 24° 3B ang 50% relative humidity. For

the ait vapor mixture find:

2. Wet bulb tsmperaiure
b. Moisture content

¢. Enthaipy

d. Specific volums

e. Percentage humidity

Answers:

Locate the point where the vertical line representing 24 DB and the curve
ling representing 50% relative humidily intersect. From this point, read
all of the other valves.

= THE TRANE COMPANY 1978

b

Follow the diagona! ling up fo the left until i intersects the wet bulb

temperature scale. Read 17° C.

b. Foliow the horizontal fine to the right entil it intersects the moisture
centent scate. Read L0092 kg of moisture per kg of dry air.

¢. Read the specific enthalpy on the enthalpy scale of 47.95 kdfkyg dry
air by foilowing the Wel Bulb Line ko the enthalpy scals. Apply the
enthaipy deviation factor of — 21 kd/kg from he location of the
point on the enthalpy deviation scale. Aclual eniahipy equals 47.95
- 21 = 4774 kg dry air.

d. Interpolate between specific velume lines. Read 855 cubic melers
per kg of dry air. .

e Percentage humidity equais actual moisture content (foung in Step

b} divided by moisture cortent at saturation for same DB tem-

perature. At 24 C 0B and 1009% RH read W = 0188

Percentage humidity = -m = 489

A - Huenidifying Only

8 - Healing and Humidifying
C - Sensible Heating Galy

D - Chemicai Dehurmidifying
£ - Dehumidifying Only

F - Coeling and Dehumidifying
G - Sensible Cooling Only

H - Evaporative Cooling Only

‘ D

N J

DIRECTIONS FOR USING THE TRANE PSYCHROMETRIC CHART

From intersection of 18.9° © DB fine with line between twa points, read
WEB = 16.3° C, h = 46.0 kifkg after thy air convection, moisture
content = 0105 kg of moisture per kg of dry air.

FIGURE 2

Problem 2: Given air at 28 C DB and 15 € WB Refer to Figure 2.
Determine:  a. Enthalpy

b. Moisture contgnt

¢. Relative humidity

Deterrnine the point of intersection between the vertical ling for 28 C DRand
the sioping ling for 15 C WR
a. Follow the 15 € WB Line t¢ the specific snthalpy scaie. Read 42.1
klfkg dey air. Read correction of .35 kd/kg dry air. Therefore en-
thaipy is 42.1 - 35 = 41.75 kirkg.
b. Foliow the horizontal line to ihe right, Read .0053 kg af maisture per
kg of dry air on the moisture conient scale.
¢ Slaying on the 28 C D8 line, interpolate hatwesn the ratative hu-
midily fines above and below the point Read 23.0% RH.

Problem 3; Mixture of Air i
Given 3 m3/s of chilled air & 14° C DB and 13° C WE mixed with 1 m¥s of
outside air at 35° C DB and 25° C WB. Use Figure 3 as 3 reference.

Find: The properties of mixture

Sohition: Locate paints for recirculaled and outsige air on the chart. Conneg
with a siraight fine. Read specific volumes of air & each point from
chart. Convert m%/s of air to kg of air and find toial weight of
Mixturg.

Ory bulb of mixture = Z76 ka/s tolal weight

2 - 10
X ®=82  189° COB

r ™
\ J
FIGURE 3

The foltowing solution is an approximation which does not conver: m3/s
1o kg/s

Box M= 185
ax 35= 875

19.25 C DB mixture
At the intersection of this Line with the Line between the two poinds, read
WEB = 165 C, h= 46.5 kikg after correction, moisture content =
L1106 kg Dy Air :

Problem 4: Sensible Heating Process Refer to Figure 4.

Given: Air al 2° C DR and 60% RH. Air is.to be heated by passing
through a coil }0 35 C DB

Hnad:  For the 35 C air, its percent BH and WEB. For the process, the
amount of heat added to the air per kg of air Howing

Salution:  Locate the inifial condition on the chart. Draw a horizordal line

through the intiat point o the 35 C DB line. Read 7.596 BH, WB
= 15.2 C.

Find enthalpy of inftial air as 8 ki/kg = hs

Find erthalpy of final air as 42.0 kifkg = he

Heat added equals difference 34.0 kdikg

%m"

FIGURE 4
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FIGURE 5

Problem 5: Cooling and Dehumiditying Refer to Figure 5.
Given: Air & 28 C DB and $0% RH being cooled 10 12 C DB and 11 ¢
w8
Find: Total heat removed
Total maisture removed
Sensibie heat ratio for the process
Salution:  Locale the initial and final conditions on the chart.
For the initial condition fead W = 0118

m= 587
For the final condition read We = 0078

hg = 317
Heal removed = ha — My = 317 — 587 = ~ 270
kdfkg dry air
Moisture remaved = Wo ~ Wi = 0078 - 0118 =
- 004 kg

To determine the SHR, draw a straight fine between the initial
and final conditions. Craw a ling paralie! to this cne from the
reference point at 24 C DB and 50% RH 1o the Sensible Heat
Factor scale, Read SHR = B4

Problem 6: Evaporative Cooling Refer to Figure 6.
Given: Airat 32 C 98 and 18 C W enters a spray ype conditioner and
ieaves al 90% R.H. Recirculated waist to sprays is 18 C.
Find:  The leaving DB temperature of the air
Soiution: When the spray water lemperature is the same as the W8
temperature of the enleriag air, the evaporalive cooling
process is a constant WB process. Drawa Hine from the 32-C
DB line to the 30% RH fine along the 180 WE line. At its
inersection with the 90% RH line read DB = 162 C.

\. W,

FIGURE &
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Skeleton Psychrometric Char
1. Dry buil temperatute fine

2. Moislure content fine

3. Moisture content scale

A, Wet bulb temperature line.

5. Specific voiume line,

6. Enthaipy scale

7. Relative humidity tine -j
8. Sensibie heat factor scale

9. Enthaipy deviation from saturation,

The foflowing definitions are referenced in Figure 1.
Dry Bulb Temgerature: The temperature of air read on a standard ther-
mometer and shown on the char by straight vertical lines. Scale is at
botiom of chart. Unit — degree C, abbreviated DB.

. Wel Bulb Temperatuee: The wet bulb temperature above 9° Cis the tem-

peralure indicated by a thermometer whose bufb is covered by a wel wick
and exposed 1o a siream of alr moving at a velocity of 5 meters per
second. Wet bulb temperatures below 0° C are obiained from a ther-
mometer on which the waler in the wick has frozen to ite, This is the
reason the stope of the wet buth iemperalure fines changes below §° C.
Scale is or gurved line at left adge of chart. Unit — degree C, symbol —
WB.

Moisture Content: The mass of waler vapor in each kg of dry air. This is
ais0 known as specific humidity. On the chart, these lines are straight
horizantal lines at right angles to the dry bulb lines. The unils used are
kg of moisture per kg of diy air. Symboi is W.

Enthalpy: A thermodynamic properly which serves as a measure of the
heat energy i a system above some datum lemperature, forair 6° C and
water 0° C. in this case, it represents the energy in one kg of dry air and
W kg's of moisture associated with it. Units — kJ per kg of dry air,
sympol — h.

. Specific Volume: The cubic meter of the mixiure per kg of dry air, symbo}

. Ee!ative Hursidity: The rafio of the mol fraction of water vapot in g

mixtuze 1o the mol fraction of water vapor in saturated air at the same dry
buib temperature and baromelric pressure. Unit - percent, symbol —
Greek letler phi (&) or RH.

Sensible Heat Ratio: The ratio of the sensible heat to lotal heat in 3 pro-
6ess. Units — none, Symbel — SHR.

Standard Barometric Pressure; The chart has been made up far standard
sea fevel baromelric pressure of 101.325 kPa absoiute.

Enthalpy Deviation — The amount by which the enthalpy of the air
mixiure deviates from specific anthalpy at saturation.

Hiustrative Examples:
Problem 1: Given room conditon of 24° DB and 50% elative hursidity. For
the air vapor mixture find:

a. Wet buib temperature
b Moisture content

. Enthalpy

d. Specific volume

e, Percentage humidity

Answers:

Locate the point where the vertical line representing 24 DB and the curve
line representing 50% refative humidity intersect. From this point, read
all of the ather valves.

= THE THANE COMPANY 1979

DIRECTIONS FOR USING THE TRANE PSYCHROMETRIC CHART

B

Follow the diagonat ling up to the left unti! it intersects the wet bulb

temperatire scate. Read 37° C.

b. Follow the horizontal line to the right until i intersects the moigture
content scaie. Read 0092 kg of moisture per kg of dry air.

¢. Read the specific enttalpy on the enthapy scale of 47.95 kd/kg dry
air by following the Wet Bulb Line to the enthalpy scale. Apply the
enthaipy deviation facter of — .21 kJ/kg from the iocation of ihe
point on the enthalpy deviation scale. Actual entahlpy equals 47.95
2= 47.74 kg dry air.

d. interpolate between specific volume lines. Read 855 cubic meters
per kg of dry air. :

e Percentage humidity equals aciual mofsture content (found in Step
D) divided by moisture content at saturation for same DB lem-
peraiure. Al 24 C OB and 1009% RH read W = 0188,

0092 _ 488

Percentage humidity = T8

Air Conditioning Process

A - Humidifying Oniy

B - Heating and Humiddlving

G -~ Sensible Heating Ony

2 - Chemical Dehumidifying

E - Dehumidifying Cniy

F - Cooling and Debumiditying
- G - Sensible Cooling Only

H - Evaposative Cooling Only

] ]

e

From intersection of 18.9° C D8 line with line between two points, 7ead
WB= 16.3° C, h = 46.0 kd/kg after dry air corvection, maisture
content = 0105 kg of moisture per kg of dry air.

FIGURE 2

Problem 2: Given air at 28 C DB and 15 C WB Refer o Figure 2.
Determine:  a. Enthaipy

b, Moisture conteni

¢. Relative humidity

Determine the point of intersection between the vertical line for 28 € 08 and
the sioping line for 15 C WRB
a. Follow the 15 C WE Line ‘0 the specific enthalpy Seale. Read 42.1
kd7kq dry air. Read correction of — .35 k/kg dty air. Therefore en-
thaipy is 42.1 - 35 = 4175 kifkg.
b. Foliow the horizontal fine to the right, Read .0053 kg of moisture nef
kg of dry air on the moisture conlent scas.
¢. Staying on the 28 C DB line, inferpolate hetween the relative hu-
midily lines above and below the point, Read 23.0% RH.

Problem 3: Mixture of Air ‘
Given 3m¥s of chilled air 21 14° C DB and 13° £ WB mixed with 1 m¥/s of
outside air al 35° C DB and 25° C WB. Use Figure 3 as a reference.

Find: The properties of mixture

Solution: Locate points for recircuialed and outside air on thechart, Conneet
with a slraight line. Read spesific volumes of air at each point fram
chart. Conver! mP/s of air to kg of air and find iolal weight of
mixture.

3

Eﬁgz 364 Rng

1
TR 1.12 kgrs

gry bult of mixture = 478 ko/s total weight
64

278 % 14 = 10.7
X %=82 e coB

\_. : J
FIGURE 3

The foliowing solution is an approximation which does not corwert méfs
to kgss

% x 4= 105
WX 35= 875

18.25 C DB midue
A the intersection of this Ling with the Ling between ihe two poinis, read
WB = 16.5C, h= 465 ki/kg after correction, moisture content =
0105 kikg Dry Air ‘

Problem 4: Sensible Heating Procsss Refer lo Figure 4.
Given: Air at 2° C DB and 60% BH. Air is lo be heated by passing
through a coil to 35 C DB
Find:  For the 35 € air, its percent RH and WB. For ihe process, the
amount of heat added 1o the air per kg of air fiowing
Sciution:  Locate the initial condition on the chart, Draw & horizontat line
through the mtial point to the 35 C OB line. Read 7.5% RH, WR
= 152 (.
Find endhalpy of initial air as 8 kitkg = m
Find enthalpy of final air as 42.0 kiko = ha
Heat added equals difference 34.0 kifkg

FIGURE 4
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FIGURE 5

Frobtem 5; Cecling and Dehumiditying Refer to Figure 5.

Given: Air at 28 C DB and 50% RH being cooled to 12 C DB aad 11 C
WB
Find: Total heat removed
Tolal moisture removed
Sensible heat ratio for the process
Sofution:  Locate the inttial and final conditions on the chart.
For the initial condition read Wy = (118

= 587
For the final condition read Wa = 0078

ho= 317
Heal removed = he — hy = 317~ 587 = — 274
kJikg dry air
Moisture removed = Wz — Wr = 0078 — 0118 =
- 004 kg

To determing the SHR, draw a straight fine between the initial
and final conditions. Draw a fing paralle! to this ene from e
reference point at 24 C DB and 50% RH to the Sensible Heat
Faclor scale. Read SHR = 54

Probtem 6: Evaporalive Cooling Refer to Figure 6.

Giverr: Air at 32 C DB and 18 C WB enters a spray lvpe conditisner and
leaves at 80% R.H. Recifculated water to sprays is 18 C.
Find:  The leaving DB femperature of the air
Selution:  When the spray waler lemgarature is the same as the WB
temperature of the eniering air, the evaporative cooting
pracess is a constant W8 process. Dzaw a ling from the 39°C
DB fing to the 0% RH ting along the 18C WE line. At its
infersection with the 90% RH line read DB = 182 C.

.

FIGURE 6



