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PREFACE

The ASHRAE Pocket Guide was developed to serve as a ready, offline reference for engi-
neers without easy access to complete ASHRAE Handbook volumes.

This ninth edition has been revised for 2017 to include updates from current editions of the
ASHRAE Handbook series as well as from various ASHRAE standards. This edition also fea-
tures a renewed emphasis in basic design aids: content on more specialized system types has
been replaced by an appendix containing climatic design data for selected worldwide locations.

This edition of the ASHRAE Pocket Guide, which was first published in 1987, was com-
piled by ASHRAE staff editors; previous major contributors were Carl W. MacPhee, Griffith C.
Burr, Jr., Harry E. Rountree, and Frederick H. Kohloss.

Throughout this Pocket Guide, original sources of figures and tables are indicated where
applicable. For space concerns, a shorthand for ASHRAE publications has been adopted.
ASHRAE sources are noted after figure captions or table titles in brackets using the following
abbreviations:

Fig Figure

Tbl Table

Ch Chapter

Std ASHRAE Standard

2017F, 2013F, etc ASHRAE Handbook—Fundamentals

20168, 20128, etc. ASHRAE Handbook—HVAC Systems and Equipment

2015A, 2011A, etc. ASHRAE Handbook—HVAC Applications
2014R, 2010R, etc. ASHRAE Handbook—Refrigeration

Complete entries for all references cited in tables and figures are available in the original
source publications.
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Table 1.1 Velocities vs. Velocity Pressures

Velocity V, Velocity Pressure P, ,
m/s Pa
1.0 0.6
2.0 2.4
3.0 5.4
4.0 9.6
5.0 15.1
5.5 183
6.0 21.7
6.5 255
7.0 295
7.5 339
8.0 385
85 435
9.0 48.8
9.5 543
10.0 60.2
11.0 72.9
12.0 86.7
13.0 101.8
14.0 118.0
15.0 135
17.5 184
20.0 241
225 305
25.0 376

P,=0.602 V*

Noncircular Ducts

Hydraulic diameter Dj, = 44/P, where A = duct area (mm) and P = perimeter (mm). Ducts
having the same hydraulic diameter will have approximately the same fluid resistance at equal
velocities.

Fittings
Resistance to flow through fittings can be expressed by fitting loss coefficients C. The fric-
tion loss in a fitting in inches of water is CP,.. The more radically the airflow is changed in direc-

tion or velocity, the greater the fitting loss coefficient. See ASHRAE Duct Fitting Database for a
complete list. 90° mitered elbows with vanes will usually have C between 0.11 and 0.33.

Round Flexible Ducts

Nonmetallic flexible ducts fully extended have friction losses approximately three times
that of galvanized steel ducts. This rises rapidly for unextended ducts by a correction factor of 4
if 70% extended, 3 if 80% extended, and 2 if 90% extended. For centerline bend radius ratio to
diameter of 1 to 4, the approximate loss coefficient is between 0.82 and 0.87.



Table 1.2 Duct Leakage Classification?

Sealed™* Unsealed®
. Leakage . Leakage
Duct Type Predicted Rate, Predicted Rate,
Leakage 2 Leakage 2
Class C, Li(s-m") Class C, Li(s-m")
L at 250 Pa L at 250 Pa

Metal (flexible excluded)
Round and flat oval 4 0.14 42 1.5
(8t099) (0.3 t0 3.6)

Rectangular
<500 Pa 17 0.62 68 25
(both positive and negative pressures) (17 to 155) (0.6 to 5.6)
>500 and <2500 Pa 8 0.29 68 25
(both positive and negative pressures) (17 to 155) (0.6 to 5.6)
Flexible
Metal, aluminum 11 0.40 42 1.5
(17 to 76) (0.6 10 2.8)
Nonmetal 17 0.62 30 1.5
(60 76) (0.2102.8)
Fibrous glass
Round 4 0.14 na na
Rectangular 8 0.29 na na

The leakage classes listed in this table are averages based on tests conducted by AISI/ SMACNA
(1972), ASHRAE/SMACNA/TIMA (1985), and Swim and Griggs (1995).

The leakage classes listed in the sealed category are based on the assumptions that for metal ducts, all
transverse joints, seams, and openings in the duct wall are sealed at pressures over 750 Pa, that trans-
verse joints and longitudinal seams are sealed at 500 and 750 Pa, and that transverse joints are sealed
below 500 Pa. Lower leakage classes are obtained by careful selection of joints and sealing methods.
Leakage classes assigned anticipate about 0.82 joints per metre of duct. For systems with a high fitting
to straight duct ratio, greater leakage occurs in both the sealed and unsealed conditions.

<

3

Table 1.3 Recc ded Ductwork Leakage Class by
Duct Type
Duct Type Ciwnly  Liombyat250Pa
Metal
Round 4 0.14
Flat oval 4 0.14
Rectangular 8 0.29
Flexible 8 0.29
Fibrous glass
Round 4 0.14
Rectangular 8 0.29
Leakage Class C; = Q/AP>%% (1.1
where
[ = leakage rate, L/s/100 m? surface area
AP; = static pressure difference, Pa between inside and outside of duct
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Table 1.4 Duct Sealing Requirement Levels

Duct Seal Level Sealing Requirements®
A All transverse joints, longitudinal seams, and duct wall penetrations
B All transverse joints and longitudinal seams
C Transverse joints only

 Transverse joints are connections of two duct or fitting elements oriented perpendicular to flow. Lon-
gitudinal seams are joints oriented in the direction of airflow. Duct wall penetrations are openings
made by screws, non-self-sealing fasteners, pipe, tubing, rods, and wire. Round and flat oval spiral
lock seams need not be sealed prior to assembly, but may be coated after assembly to reduce leakage.
All other connections are considered transverse joints, including but not limited to spin-ins, taps and
other branch connections, access door frames, and duct connections to equipment.
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Table 1.5 Duct Sealing Recommendations

Duct Type
Recommended Duct Seal Levels
Supply
Duct Location ;5 :)v(;:,; :fs ?v(;:: Exhaust Return
Outdoors A A A A
Unconditioned spaces B A B B
Conditioned spaces (concealed ductwork) C B B C
Conditioned spaces (exposed ductwork) A A B B
Table 1.6 Duct Leakage per Unit Length
Unsealed Longitudinal Seam Leakage, Leakage, L per metre Seam Length
Metal Ducts at 250 Pa Static Pressure
Type of Duct/Seam Range Average
Rectangular Pittsburgh lock
26 gage 0.015 to 0.03 0.025
22 gage 0.0015 to 0.003 0.0025
Button punch snaplock
26 gage 0.05t0 0.23 0.12
22 gage NA (1 test) 0.005
Round Spiral (26 gage) NA (1 test) 0.023
Snaplock 0.06 to 0.22 0.17
Grooved 0.17 t0 0.28 0.19




Air Handling and Psychrometrics

3UNSSId

OI4IHSONLY

3NSSI™d

OI¥IHISONLY

_ ('d) 39nNsS3Yd
| ALIDOTIA

'd) 39NSS3¥d
V10L

_

| 39nss3ad |
_ OILV1S
_

®

MOTIHIV

@

FYNSSI™d OIYIHISONWLY

@ AYLINT

—

Figure 1.2 At Exit, the Fitting Coefficient C, Affects p; Loss [2017F, Ch 21, Fig 7]



0L9T 29T 90S1 L¥v1 L8ED vCEl 6SCI 0611 6111 €v01  +96 6.8  $€8  L8L  8EL 889  $€9  LLS 9IS 0S¥  008C
LI9T  €IST  6SPI  TOPI  ¥PET  €8CTI  0TTI  ¥SIT  S80T TIOL  S€6 €S8  OI8  +¥9L  LIL 889 919  09¢ 10 Ly 009T
1961 19¥1  60v1 SS€T  66CI I¥Cl  O8IT  OIIL 0SOI 086 S06 98  ¥8L  OvL  S69  L¥9  L6S  €¥S 98y vy  00¥CT
10ST  90¥1  9S€1  SOET  ISTI  S6IT LEIT 9L0T €101 Sv6  +L8  L6L  LSL  SIL L9 ST9  LLS TS OLF  OI¥  00TCT
8evl 8l 10€l  TSTI 00T LPIT T601 ¥EOI €6 806  O¥8  L9L  8TL 889  9¥9  TO9  SSS 90§  €Sv  S6¢€  000C
ILET  98T1  I¥TI  S6IT  9¥IT 9601 €¥OI 886  0€6 698  $08  SEL 869 099 619 LLS €€S S8  veF  6LE  008I

86C1  6ITI LLIT €€IT 8801 I¥0I 166  6€6 G688 L8  99L  00L S99 679 16S IS 80s €9y  SIvy  T9¢ 0091
0TCl  9%IT  LOTIT 9901 +#T0T 086  ¥t6 988 Ses 18L  vCL  T99 619 S6S  6SS  TCS T 6tF  ¥6E  vPE 00V
€Il 9901 0€0l €66  ¥S6  vI6  TL8 LTS8  08L €L LL9 029 065 8SS  STS 06y €Sy €1¥ 0LE  ¥TE  00TI
LEOT  9L6  ¥¥6 116 9.8 O¥8 TO8  T9L  6IL  ¥L9 9T9  vLS  9¥S LIS  98F  ¥S¥  OTF  ¥8E  PPE 10€ 0001
¥86  LT6  L68 998  €€8  66L  €9L  9TL 989 €9  L6S 8PS TCS  vev  S9%  Sey  TOF  L9€  0E€E 68T 006

SL8  L¥8  8I8  L8L  SSL TTL L89 6¥9 609 L9 0TS 96y OLY THP ¥I¥  €8€  0SE  ¥IE  SLT 008
§9L  LeL  80L LL9  ¥P9 019  €LS  €€S 06k  L9Y ey 8IF  16€  T9¢ €€ 86T 19T  00L

99 879 86§  L9S  €€S 96 LSy 9ty vI¥F  06E  S9€  6E€E  0IE€ 6L  SPT 009

LyS 8IS 8% S¢Sy 0Ty  10F  18E  09¢  Le€  €l€  L8CT  8ST  LTT  00S

LEy  60F  8LE 19¢  €pE€  STE  S0€ €8T 09T  S€T  LOT  00%

8¢ ¥l 66C €8T 99T 8¥T  6CC  LOT €81 00€
€LC 65T ¥pT 8TT 01T 061 691 (U4

61T  v0T 681 cLl 438 00T

91 0ST €€l 0ST

601 001
006 008 OSL 00L 0S9 009 0SS 00S OSy 00y OSE 00f SLT 0ST ST 00T SLI  OSI STl 00L . fpv
wuw ‘() 1on( Ien3ue)ddy jo Ipis auQ Jo \Psud ibg |

<foedeg pue uonoli 4 |enb3 1oy jonq JeinbBuejday Jo sjusjeAinbg Jeinoay '} ajqel

soujewolyahsd pue BuipueH iy




g and Psychrometrics

“ww ¢(q) 1onp Ie[nsuedal Jo apis yuoelpe Jo 3ua] q

“oz0(9 + B)/cz9:0(9P) O€'1 =7 U0 paseq Qe

0L1€ SITE 8SOE 100€ 1¥6T 188T 6I8T SSLT 689T 1T9C TSST 08¥YT 90¥T 6TET 0STT L9IT 180T T661 8681 0081  006T
190€  900€ 6¥6C 168C <TE8T ILLT 80LT ¥¥9T 8LST 0IST 6¢¥T L9ET T6CT ¥ITC €EIT 8YOT 1961 6981 TLLT  008CT
TS6T  968T 0¥8T TBLT TTLT 199T 86ST €EST 99¥T 86ET LTET €STT LLIT L60T SI0T 6TOI  6€81  ¥PLI  00LT
8T L8LT 0ELT TL9T TI9T 1SST L8YT TTYT SSET  S8CT  €ITT  6¢IT  190T 0861 9681 808T SILI 009C

€ELT  8L9T 1T9T  T9ST TOST 1¥vT LLET TI€T  €HTT  E€LIT 00IT $TOT  SPOI  T98I 9LLI  S891  00ST

$C9T 89T 11ST €SPT  €6€T 0€EC 99CCT 00CC 1€IC 090T 9861 6061 8C8I PHLI SS9 00¥CT

YIST 6S¥YT TOPT €YET €8TCT 0TTT SSIT 880T 610T Lvol IL81  €6L1 OILL €791 00¢€T

SO¥T 0SE€T  T6CT €€CT  €LIT OIIT ¥vOT LL6T 9061  €€81  9SLT  9L91 16S1  00TC

96TC 0¥CT €8IT $TIT €90T 6661 €€61 S981  €6LI  6ILL  O¥91  8SST  00IT

98IC I1€IT  €L0C ¥I0T <TS61 6881 TC8I €SLI 0891 #091 €TST  000T

LLOT 120T  ¥961 #061 TH81 8LLL OILL OFP91 9951 8871 0061

8961 CI6l  ¥S81  #6LT  TELL  L991 86S1 LTSI 1S¥I 0081

8S81 €081 SPLI  ¥891 1791 SSST  98%1  €Ivl  00LI

6VLT €691 S€91  $LST TIST vbPl  €LET 0091

OP91  ¥8S1  9TST  ¥9¥1  00¥1  TEET  00SI

0€sT  SLPL  9Iv1  PSET  68CTL  00¥1

ITrl S9¢1 90€l  #¥Cl  00€l

CIer  9sTl 9611  00TI

0cr  9%IT 0011

€601 0001
0067 0087 00LT 0097 00ST 00¥T 00€T 00T 00IT 0007 0061 0081 OOLI 0091 00SI 00KI 00€1 00TI 00KL 000 . fpv
ww ‘(v) 1on( Ien3ue)ddy Jo IpIS AuQ Jo P3ud| ihg |

(panunuoy) Anoede) pue uondli4 |enb3 10y 3onQ Jejnbuejday jo sjusjeainbg sejnony 'L s|qel



ez0(@+ Wezo(dP) 0E'T = U0 paseq d[qe 4

s6vT  S6LT oszl
0s61  OLIT  SSHT oz
0691  S681  0LIT 0001
0SET  00ST  SOLT  S861  S91T 006
90T OLIT  SIET  SIST  SYOT 0081 008
STOT  S9IT  09TI  OLET  SOST 0L

018 S06  0L6 0SOI OSIl  —  szyl 0£9

Oc. 9L 0T8 068  — S80I  — 0891 09§

08§ SI9  §&9  o0L  — S8 —  SLZl 00§

S5 ses oL — sl —  s66  — 06Vl osy

ssb 09 06k 0ss  — 09, —  SIII 00

sLE s6€  Str 09 08§ — O sse

st s —  —  STs S99 sie

s8¢ — 09 Oy S8y 08z

067  St€  S8E Sy 0T

obt  —  S0E  SLE  O6F vee

SIT syt 06 0SE 00z

00t s€T 00€  SLb 081

061 SE€T  09€ 091

081 $9C ovt

S0z sz

ww ‘p sixy Jofepy . i

009 | oss [ oos | osv [ oor [ sce | ose [ sz | oos [ scz | ost [ ooz | scx | ost [ szt [ oor | oL Mu._n.,_
wu ‘v SIXY J0ulAl A

[€19L ‘1z uD ‘42102] ,Suoisuawi@ 3onQ |eAQ Jeld JusjeAinby gL s|qel

soujewolyahsd pue BuipueH iy




Table 1.9 Typical Design Velocities for HVAC Components z
Duct Element Face Velocity, §
m/s %
Louvers s
Intake 2
7000 cfm3300 L/s and greater 2 ;:u
Less than 7000 ¢fm3300 L/s See Figure 1.3 g
Exhaust g
5000 cfm2400 L/s and greater 2.5 §
Less than 5000 ¢fm2400 L/s See Figure 1.3
Filters
Panel filters
Viscous impingement 1to4
Dry-type, extended-surface
Flat (low efficiency) Duct velocity
Pleated media (intermediate efficiency) Upto 3.8
HEPA 1.3
Renewable media filters
Moving-curtain viscous impingement 2.5
Moving-curtain dry media 1
Electronic air cleaners
lonizing type 0.8to 1.8
Heating Coils
Steam and hot water 25t05
1 min., 8 max.
Electric
Open wire Refer to mfg. data
Finned tubular Refer to mfg. data
Dehumidifying Coils 2t03
Air Washers
Spray type Refer to mfg. data
Cell type Refer to mfg. data
High-velocity spray type 6t09
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AIRFLOW PER LOUVER, m%/s
Parameters Used to Establish Figure Intake Louver Exhaust Louver
Minimum free area (1220 mm square test section), % 45 45
Water penetration, mL/(m?-0.25 h) Negligible (less than 0.3) N/A
Maximum static pressure drop, Pa 35 60

Figure 1.3 Criteria for Louver Sizing [2017F, Ch 21, Fig 19]



Table 1.10 Fan Laws®P
For All Fan Laws: ny = ny, and (point of rating)4 = (point of rating),

No. Dependent Variables Independent Variables
Dy 3N 1
la 01=0) X[ =—=] x—= x 1
by N,
2 (N2 P
1b Pressure; = Pressure,® x [__lj x [...l] x 1
Dy) Ny P2
5 (N3
le Wy =W, x [—1 x [—l] x El
D, N, Py
D\2 (Press.;\1/2 P\ 172
x 0-0: (2] [ ) (3
D2 Press.z Py
D Press. /2 1/2
2b Ni=N, o 22] [ 22 «| 22
D1 Prc:ss.2 Py
2 (Press.;)3/2 12
2C W] } Wz * [—I_] * (—ss—l] ) [22]
D2 Press.2 1
D3
3a Ni=N, x [_2] x & x 1
by 0,
D)4 2 3
3b Pressure; = Pressure, x [__2] x [gl] o
by &, P2
D)4 3 p
3¢ Wy =W, " [__2] o [_Q_lj ot
Dy 1\, P2

a. The subscript 1 denotes that the variable is for the fan under consideration.

b. The subscript 2 denotes that the variable is for the tested fan.

c. Fan total pressure Py, fan velocity pressure P, or fan static pressurePg,.

Unless otherwise identified, fan performance data are based on dry air at standard conditions 101.325 kPa
and 20°C (1.204 kym3). In actual applications, the fan may be required to handle air or gas at some
other density. The change in density may be because of temperature, composition of the gas, or altitude.
As indicated by the Fan Laws, the fan performance is affected by gas density. With constant size and

speed, the horsepower and pressure varies directly as the ratio of gas density to the standard air density.
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The application of the Fan Laws for a change in fan speed N for a specific size fan is shown
in Figure 1.4. The computed P, curve is derived from the base curve. For example, point E(N; =
650) is computed from point D(N,= 600) as follows:

AtD,

0, = 3m3/s and Py, =228 Pa (1.2)

Using Fan Law 1a at Point E

0; = 3x650/600 = 3.25 m3/s (1.3)
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Using Fan Law 1b

P, = 228x(650/600)° = 268 Pa (1.4)
1

if

The completed Py , N =650 curve thus may be generated by computing additional points
from data on the base curve, such as point G from point F.

L/s x pressure difference, kPa (1.5)

f L kW = : i
an power, 40350 x fan efficiency x motor efficiency

1500
| —T ~?E\
1250 ,, COMPUTED
[ Py
/ _\DG CURVE
/ (N = 650),
& 1000 4
& / G
/
17} N
750
@ F N
: /
2 / /
=
(S yi BASE
Py
CURVE
/ (N =600)
/ /
250 / —
/ 1
0 — =
0 1 2 3 4 5 6

VOLUMETRIC AIRFLOW RATE Q, m%s

Figure 1.4 Example Calculation of Fan Laws [2016S, Ch 21, Fig 4]
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Fan System Effect
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Figure 1.5 Deficient Fan/System Performance

Figure 1.5 illustrates deficient fan/system performance. System pressure losses have been
determined accurately, and a fan has been selected for operation at point 1. However, no allow-
ance has been made for the effect of system connections to the fan on fan performance. To com-
pensate, a fan system effect must be added to the calculated system pressure losses to determine
the actual system curve. The point of intersection between the fan performance curve and the
actual system curve is point 4. The actual flow volume is, therefore, deficient by the difference
from 1 to 4. To achieve design flow volume, a fan system effect pressure loss equal to the pres-
sure difference between points 1 and 2 should be added to the calculated system pressure losses,
and the fan should be selected to operate at point 2.

For rated performance, air must enter a fan uniformly over the inlet area in an axial direction
without prerotation.

Fans within plenums and cabinets or next to walls should be located so that air may flow
unobstructed into the inlets.
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Figure 1.6 Psychrometric Chart for Normal Temperature, Sea Level [2017F, Ch 1, Fig 1]

22



Air-Conditioning Processes
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IS COOLED SENSIBLY UNTIL IT BECOMES
SATURATED. THEN MOISTURE CONDENSES
UNTIL THE AIR IS FULLY SATURATED AND
LEAVES THE COIL AT POINT 2.
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Figure 1.7 Direct Expansion or Chilled Water Cooling and Dehumidification
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Figure 1.8 Direct Expansion or Chilled Water Cooling and Dehumidification
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STEAM, HOT WATER (OR OTHER FLUIDS), AND ELECTRIC
HEATING HAVE IDENTICAL EFFECTS ON THE AIR STREAM.
|
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Figure 1.9 Direct Expansion or Chilled Water Cooling and Dehumidification
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PRECOOL AIR FOLLOWS PROCESS LINE 3 TO 2 (PREHEAT SHOWN).
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Figure 1.10 Direct Expansion or Chilled Water Cooling and Dehumidification
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Figure 1.11 Direct Expansion or Chilled Water Cooling and Dehumidification
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Figure 112 Direct Expansion or Chilled Water Cooling and Dehumidification
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9 Table 1.12 Specific Enthalpy of Moist Air
] at Standard Atmospheric Pressure, 101.325 kPa
E [2017F, Ch 1, Tbl 2, Abridged]
S Specific Specific
E Te::l:p" EnI:halpy, Te::l:p ” Enlzhalpy,
K kI/kg q kI/kg q
> 50 760325 26 80.801
§ -55 —-55.280 27 85.289
z 50 ~50.222 28 89.979
< —45 —45.144 29 94.882
—40 —40.031 30 100.009
-35 —34.859 31 105.372
=30 -29.593 32 110.985
-25 —24.181 33 116.860
-20 —18.542 34 123.013
-10 —6.070 35 129.458
-8 -3.282 36 136.213
-6 —0.356 37 143.294
—4 2.728 38 150.720
-2 5.995 39 158.510
0 9.475 40 166.685
2 12.981 45 214.169
4 16.696 50 275.349
6 20.644 55 355.144
8 24.853 60 460.880
10 29.354 70 803.464
12 34.181 80 1541.765
14 39.371 90 3867.556
16 44.966
18 51.011
20 57.558
21 61.037
22 64.663
23 68.444
24 72.388
25 76.503
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Table 1.13 Standard Atmospheric Data for Altitudes to 10 000 m
[2017F, Ch 1, Tbl 1]

Altitude, m Temperature, °C Pressure, kPa

-500 18.2 107.478
0 15.0 101.325
500 11.8 95.461
1000 8.5 89.875
1500 52 84.556
2000 2.0 79.495
2500 -1.2 74.682
3000 —4.5 70.108
4000 —-11.0 61.640
5000 -17.5 54.020
6000 -24.0 47.181
7000 -30.5 41.061
8000 -37.0 35.600
9000 —43.5 30.742
10 000 =50 26.436

Source: Adapted from NASA (1976).

At sea level, standard temperature is 15°C; standard barometric pressure is 101.325 kPa.
The temperature is assumed to decrease linearly with increasing altitude throughout the tropo-
sphere (lower atmosphere), and to be constant in the lower reaches of the stratosphere. The lower
atmosphere is assumed to consist of dry air that behaves as a perfect gas. Gravity is also assumed
constant at the standard value, 9.806 65 m/s2.

The values in Table 1.13 may be calculated from Equation 1.6:

552559
p = 101.325(1 225577 x 10 °Z) (1.6)
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Space Air Diffusion

Room air diffusion methods can be classified as one of the following:

« Fully mixed systems produce little or no thermal stratification of air within the space.
Overhead air distribution is an example of this type of system.

*  Fully (thermally) stratified systems produce little or no mixing of air within the occu-
pied space. Thermal displacement ventilation is an example of this type of system.

« Partially mixed systems provide some mixing within the occupied and/or process
space while creating stratified conditions in the volume above. Most underfloor air dis-
tribution and task/ambient conditioning designs are examples of this type of system.

Air distribution systems, such as thermal displacement ventilation (TDV) and underfloor air
distribution (UFAD), that deliver air in cooling mode at or near floor level and return air at or
near ceiling level produce varying amounts of room air stratification. For floor-level supply, ther-
mal plumes that develop over heat sources in the room play a major role in driving overall floor-
to-ceiling air motion. The amount of stratification in the room is primarily determined by the
balance between total room airflow and heat load. In practice, the actual temperature and con-
centration profile depends on the combined effects of various factors, but is largely driven by the
characteristics of the room supply airflow and heat load configuration.
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