COIL LOAD (Carrier System Loads)
COOLING LOAD (Carrier Zone Conditioning Loads)
+ Fan Power
+ Ventilation Loads = mg x (h, —hy)

Fan
Supply HEAT GAIN -into the zone

Fan Unsteady Conduction Convection Radiation
walls, windows, roof, floor, doors
People
Lights
Equipment
Infiltration - ¢fm or ACH

COOLING LOAD -into the air
(Carrier Zone Load)
(with adjustments Carrier Zone Conditioni ng Loads)




HEAT GAIN
- Sensible and latent heat into the conditioned space air.
Heat load of the exterior envelope.
Heat generation in the conditioned space.

COIL LOAD
- heat removed from the cooling coil”
- cooling load plus ventilation air

COOLING LOAD
- heat removed from the conditioned space air.



Design Conditions Section 8.4 page 221

Typically outside temperatures are assumed to vary sinusoidally
T ousice= T aesign —RANGE x (Table 8-1)  (8-2)
T 4esign (OB) and Range - AppendixB —1a
Chicago

% year hrs/lyr DB  Range

>4% 350 91

>1% 876 88 196

>2% 1752 86

T yusice=91.—19.6 x (Table 8 —1 values, 0% to 100%)

outside



Table B-la Heating and Cooling Design Conditions—United States, Canada, and the World—English Units

MWS/MWD to DB Cooling DB/MWB WB/MDB HR
Heating 99.6% 0.4% 0.4% 1% 2% 1% 1% Range
Lat, Long, Blev, _DBF  Mws MWD, MWS, MWD, DB, MWB, DB, MWB, DB, MWB, WB, MDB, HR, of DB,
Station deg  deg ft. 99.6% 99% mph deg mph deg F F F F F F F F gr F

United States

Alabama, Birmingham 33.57 86.75 630 18 23 7 340 9 320 94 75 O 75 90 74 77 88 131 18.7
Alaska, Anchorage 61.17 150.02 131 -14 -9 4 10 8 290 1. HY 68 57 65 56 58 66 64 12.6
Arizona, Tucson 32.12 11093 2556 31 34 i 140 12 300 104 65 102 65 100 65 71 87 111 294
Arkansas, Little Rock 3492 9215 312 16 24 9 360 9 200 971 17 9 77 92 76 79 91 137 19.5
California, San Francisco 37.62 122.38 16 37 39 & 160 13 300 83 63 78 62 74 6l 63 75 73 167
Colorado, Denver 39.75 104.87 5331 -3 3 6 180 9 160 93 60 90 59 87 59 63 80 90 26.9
Connecticut, Bridgeport  41.17  73.13 16 8 12 14 320 14 230 86 73 84 72 82 71 74 81 120 14.1
Delaware, Wilmington 390.68 75.60 79 10 14 11 290 11 240 91 175 89 74 86 73 76 85 125 17.0
Florida, Orlando 28.43 8132 105 37 42 8 330 9 290 94 76 93 76 92 76 79 88 139 166
Georgia, Atlanta 33.65 8442 1033 18 23 12 320 9 300 93 75 91 74 88 73 76 87 128 173
Hawaii, Honolulu 21.35 157.93 16 61 63 5 320 15 60 89 73 88 73 87 73 75 84 120 122
Idaho, Boise 43.57 116.22 2867 2 9 6 130 11 320 % 63 94 63 91 62 64 89 72, 303
Hlinois, Chicago 41.98 8790 673 -6 -1 10 270 12 230 91 74 88 73 86 71 75 85 123 19.6
Tondinan Tomdinmnwmalin AN ST It ) B Vel _ ~ - B ey v Sy 7 - .

hourly outdoor temperature is given by
t, = t; — DR(X) (8-2)

where:

1, = design dry bulb temperature, F or C

DR = daily range, F or C Page 22 1

X = percentage of daily range, from Table 8-1, divided by 100

Table 8-1 Percentage of the Daily Range 4
Time, hr Percent Time, hr Percent Time, hr Percent Time, hr Percent
1 87 7 93 13 11 19 34
2 92 8 34 14 3 20 47
3 96 9 71 13 0 21 58
4 99 10 56 16 3 22 68
5 100 1} 39 17 10 23 76
6 98 12 23 18 21 24 82

Source: Reprinted by permission from ASHRAE Cooling and Heating Load Calculation Manual, 2nd
ed., 1992.



Table 8-2 Rates of Heat Gain from Occupants of Conditioned Spaces?

Total Heat
Adults, Total Heat Sensible Latent
Male Adjusted® Heat Heat
Degree of Activity Typical Application Btw/hr W Btwhr W Btwhr W Btwhr W
Seated at theater Theater—matinee 90 114 330 97 225 66 105 31
Seated at theater Theater—evening 390 114 350 103 245 72 105 31
Seated, very light Offices, hotels, 450, 132 408 117 245 72 155 45
work apartments
Moderately active Offices, hotels, 475 139 450 132 250 73 200 59
office work apartments
Standing, light work; Department store, 550 162 450 132 - 250 T 73 200 59
walking retail store
Walking; standing Drugstore, bank 200 12 500 146 280 73 250 73
Sedentary work® Restaurant 490 144 550 162 275 81 275 ‘81
Light bench work Factory 800 235 750 220 275 81 475 139
Moderate dancing Dance hall 900 264 850 249 305 89 545 160
Walking 3 mph; light Factory 1000 293 1000 293 375 110 625 183
machine work
Bowling? Bowling alley 1500 440 1450 425 580 170 870 255
Heavy work Factory 1500 440 1450 425 580 170 870 255
Heavy machine Factory 1600 469 1600 469 635 186 965 283
work; lifting
Athletics Gymnasium 2000 586 1800 528 710 208 1090 320

“Tabulated values are based on 75 F room dry bulb temperature. For 80 F room dry bulb, the total heat
remains the same, but the sensible heat values should be decreased by approximately 20 percent, and

the latent heat values increased accordingly.

PAdjusted heat gain is based on normal percentage of men, women, and children for the application

listed, with the postulate that the gain from an adult female is 85 percent of that for an adult male, and

that the gain from a child is 75 percent of that for an adult male.

€Adjusted total gain for sedentary work, restaurant, includes 60 Btw/hr for food per individual

(30 Baw/hr sensible and 30 Btu/hr latent).

4For bowling, figure one person per alley actually bowling, and all others sitting (400 Btu/hr) or
g, g 2

standing and walking slowly (550 Btu/hr).

Source: Reprinted by permission from ASHRAE Cooling and Heating Load Calculation Manual, 2nd

ed., 1992,



Thick Wall, Step Temperature Change

Heat absorbed by wall g, —qg;, = Adxp cpa—T

Heat into the wall g, —q; = (2

oT
=—-kKA—
| dx
2
A_ kall
OX OX
o°T
qi_qO:_kAaxz dx
2
Adxp cpa—TzkAaIdx
ot OX
oT  k oT?
ot pC, ox*

T. constant with time
T, = constant with time
T(x) =constantat timet =20

ot

T-T

— 1 — Gauss Error Function

0 Ti

Gauss Error Function(t) =

NEx




Heat Balance Method Jrocation, jth surface, 6 time

Exterior Surface Wall Interior Surface
Heat Balance Heat Balance Heat Balance

o
>

Heat

Solar Radiation Transfer _II—_|eat f tSholar R?jdlatlon
into wall ransier ru windows

thru wall

Convection .

dT —

— kA — Convection

Reflection dX to space
Radiation to

space surfaces

o air Tiair

qin — AEwaII + qout
qin = (meAT)waII T qout



No Mass Wall Heat Balance

Incident Solar Radiation 280 BTU/hrft?
Outside 90°F, Inside 70°F

Incident
Solar Absorption .8 Solar
Wall Emmission .9 Radiation
U=.2 BTU/ft*hr°F
h — 3 BTU/ﬁ:zhroF Re'Radlatlon
Sky -—

Qincident = Qconvection + Qreradiatim + Qreradiatim + Qconduction

sky ground
Qincident = hA(Tw - TO)+ OEFWS (Tv[\ll - Ts4ky6 )+ OEFWQ (Tvt - T;round ] )+ UA(TW - Ti ) /

Ty =Ty, ~10.8=78.2 Re-Radiation
Tayo = (COS(a/ 2))T,, +(1-cos(a/22)JT, (8- 25) Ground

Tyyo = (c0s(90/2))78.2 + (1 - cos(90/2))90
Ty =.707x79.2+.293x90 = 82.36

T,y = 82.36+460.=542.36°R
T roua = To =90
F. =(+cosa)/2=(1+cos90)/2=.5 (7-20)
Fug = (1—-cosa)/2 =(1-c0s90)/2 =.5 (7-24)
280x.8=3(T, —550)+.9x.1714x 5x (T x10°® ~865.5)+.9x.1714x.5x (T x10® —915.1)+ 2(T, —530)
at T, =140°F, 600°R
224 = 3x 49 +.07713(1296.—865.5)+.07713(1296.— 915.15)+.2 x 69
224=150. +32.2 +29.38 +14
convection reradiation conduction
224 =226

Convection

Steady State
Conduction



Z TRANSFORM METHOD

oT(x,t) _ K OT(x,1)*

ot pC, ox°
q=—kA aT(gx, Y boundary conditions
X

Numerical solution with X, Y and Z_constants.
Inside and outside heat loads of the series form,

out5|de
surface

|nt5|de
surface

Ng
__Y T +Z n |e nAe+X T +an 18- nAe+Z(ane-nAA (8_6)
n=1

Ny Ng
= _Z T Zzn i8-nAB + YOTo + ZlYnTie-nAe + Zlq)nqe-nAH (8_ 7)



Z TRANSFORM METHOD

Ng
q =-Y,T, +ZY Tionse + XoT, +an ome + 2 D Ugnan (8—6)
n=1

outside
surface

Ny Ng
—Z T Zzn i18-nA6 + YOTo + ZYnTie-nAe + Zcbnqe-nAH (8_ 7)
n-1

;ﬁ‘ff?c% n=L
subscripts :

(type of heat transfer - inside or outside
J -surface,

0 - time,

n - number of previous temperatures and heat loads)
X,Y,Z CTF coefficients

AT EQUILIBRIUM

q = q and ~Z,T.— Zzn om0 =—T: 2. Z,
outside intside n=0
surface surface

Nz
NXx Ny Nz Zzn

d X, =D.Y,=>727, U_M



t,in  density k ¢ R=T/k

p

Brick 4. 130 7. 19 571
Hardboard, .5in 5 1. 8 .29 .625
MineralBoardR —-11 3.5 .32 10.9375
GypsumBoard 5 1.11 45

www.hvac.okstate.edu
PRF RTF Generator Program (Periodic Response Factor —Response Transfer Functions)

Conduction Transfer Function (Btu/[hr.ft"2.F])

CTFs for Wall N

X n Yn Z n CD n
4.277368, 0.001585, 0.623812,
-5.306364, 0.018775, -0.933922, 0.628171
1.069140, 0.009743, 0.346143, -0.010584
-0.009767, 0.000273, -0.005657,

outside
surface

N
. tqd N _ZOTi B Z ZnTi@-nAe T YOTO T ZYHTOG-nAe + 2 :(ane-nAe
intside n=1

surface

N
q = _YoTi o Z YnTie-nAe + XOTO + Z XnTOe-nAe + Z (ane-nAe
n=1



hour

DO~ WN P

SER8ES

Y1l
Y2
Y3
20
Z1

Z3
PHI1
PHI2

T out

86.20
83.40
81.30
79.55
77.80
76.40
75.35
75.00
75.70

CTF

4.277368
-5.306364
1.06914
-0.009767
0.001585
0.018775
0.009743
0.000273
0.62381
-0.933922
0.346143
-0.005657
0.62817
0.01058

0.0840858

Tin

70
70
70
70
70
70
70
70
70

SUM

0.030377

0.030376

0.030374

0.63875

-2.12618 2.4885931
-2.12618 2.4317384
-2.12618 2.3790396
-2.12618 2.3335623
-2.12618 2.2991759
-2.12618 2.2831018

S(Z* Tin) |S(Y *Tout) S(PHIQ)

0
0.227657
0.3387842
0.3772943
0.3735359
0.3495007

0.0000
0.0000
0.3624
0.5332
0.5916
0.5847
0.5465
0.5064

Q inside | S(Y *Tin)

0

0
-2.12632
-2.12632
-2.12632
-2.12632
-2.12632
-2.12632

-2.81841
-3.23551
-1.78817

-0.7044
1.890496
5.632958

S(X*Tout) S(PHI*Q)

0
-3.1061299
-5.3716346
-5.9228585
-5.5969849
-3.7566085

Q outside

-4.9447
-8.4680
-9.2861
-8.7536
-5.8328
-0.2500



t,in k

Brick 4, 7.

Hardboard, .5in 5 .8

MineralBoardR -11 3.5 .32

GypsumBoard 5 1.11
1 1

U= = =.0795
> R 12.646

U 2, (8—15)
1Yo

U — 030376 _ 0794
1-.61759

R =t/k
71
625

10.9375
45
12.5835



Conduction Transfer Function (Btu/[hr.ft"2.F])

CTFs for Wall N

4277368, 0.001585, 0.623812,
-5.306364, 0.018775, -0.933922, 0.628171
1.069140, 0.009743, 0.346143, -0.010584
-0.009767, 0.000273, -0.005657

X, Y, L. D

q =—-YoI - ZYnTi +XoTo + ZXnTo T iq)nqﬁ-nAé’
n=1

outside
surface

q =—-4,T;,— Z LT+ Yol + ZYnTo T iq)nqﬁ-nAé’
n=1

intside
surface



Problem 8-4 and 8-12

hour T out Tin

OO NOOY OB~ WN P

NN NNNRERRRRRRRRE
NWNROOW®NOOONMWDNRO

79.55
77.80
76.40
75.35
75.00
75.70
77.45
80.60
85.15
90.40
96.35
101.95
106.15
108.95
110.00
108.96
106.50
102.65
98.10
93.55
89.70
86.20
83.40
81.30

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

SUM SUM
(Z* Tin) (Y*Tout) (PHI*Q)

-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618

2.489
2.432
2.379
2.334
2.299
2.283
2.295
2.340
2.423
2.548
2.702
2.875
3.046
3.185
3.282
3.328
3.316
3.254
3.150
3.019
2.882
2.759
2.650
2.559

SUM

0.956
0.812
0.688
0.579
0.484
0.404
0.346
0.317
0.328
0.387
0.502
0.668
0.878
1.114
1.346
1.549
1.702
1.787
1.800
1.743
1.626
1.469
1.295
1.120

Q Load SUM SUM SUM Q
inside Explorer (Y*Tin) (X*Tout) (PHI*Q) outside
1.32 1.32] -2.126 -2.818  -12.988 -17.93
1.12 112 -2.126 -3.236  -11.042 -16.40
0.94 0.95 -2.126 -1.788  -10.114 -14.03
0.79 0.80 -2.126 -0.704 -8.639 -11.47
0.66 0.67 -2.126 1.890 -7.056 -7.29
0.56 0.56  -2.126 5.633 -4.459 -0.95
0.51 0.50 -2.126 9.040 -0.521 6.39
0.53 0.49 -2.126 13.979 4.026 15.88
0.63 0.54  -2.126 18.590 9.907 26.37
0.81 0.68  -2.126 20.253 16.397 34.52
1.08 0.89 -2.126 22.679 21.408 41.96
1.42 117 -2.126 20.628 25.993 44.50
1.80 150 -2.126 15.188 27.507 40.57
2.17 1.84 -2.126 10.806 25.013 33.69
2.50 2.16  -2.126 4.876 20.736 23.48
2.75 242  -2.126 -2.192 14.396 10.08
2.89 259  -2.126 -6.100 6.082 -2.14
2.91 2.66  -2.126 -10.637 -1.454 -14.22
2.82 2.63 -2.126 -12.289 -8.908 -23.32
2.64 250 -2.126 -11.699)  -14.501 -28.33
2.38 2.30 -2.126 -8.850  -17.547 -28.52
2.10 2.05 -2.126 -8.212  -17.618 -27.96
1.82 1.80 -2.126 -5.688  -17.260 -25.07
1.55 155 -2.126 -3.517  -15.455 -21.10
38.7054 38.70




hour

ONO Ok WN P

Example Problem 8-4 and 8-12

SE8ES

Y1l
Y2
Y3
Z0
Z1

z2
Z3
PHI1
PHI2

U

T out

86.20
83.40
81.30
79.55
77.80
76.40
75.35
75.00
75.70
77.45
80.60

CTF
4.277368
-5.306364
1.06914
-0.009767
0.001585
0.018775
0.009743
0.000273
0.62381
-0.933922

0.346143
-0.005657
0.62817
-0.01058

0.0794331

Tin

70
70
70
70
70
70
70
70
70
70
70

SUM

0.030377

0.030376

0.030374

0.61759

-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618
-2.12618

2.4885931
2.4317384
2.3790396
2.3335623
2.2991759
2.2831018
2.2953213
2.3398949

S(z* Tin) | S(Y *Tout) S(PHI*Q)

0
0.227657
0.3311156
0.3611942
0.3509843
0.323133
0.2960123
0.2871166

0.0000
0.0000
0.3624
0.5332
0.5840
0.5686
0.5240
0.4801
0.4652
0.5008

Q inside S(Y *Tin)

0

0
-2.12632
-2.12632
-2.12632
-2.12632
-2.12632
-2.12632
-2.12632
-2.12632

-2.81841
-3.23551
-1.78817

-0.7044
1.890496
5.632958
9.039953
13.97934

S(x*Tout) S(PHIQ)

0
-3.1061299
-5.2670042
-5.6779507
-5.2477537
-3.3545972

0.15352356
443776737

Q outside

0

0
-4.9447
-8.4680
-0.1815
-8.5087
-5.4836
0.1520
7.0672
16.2908



CTF SUM

X0 4.277366
X1 -5.350657
x2 1.104895
X3 -0.01342
X4 -0.0000170.018174
Y0 0.000421
Y1 0.009171
Y2 0.007994
Y3 0.000583
Y4 0.000006 "0.018175
20 0.608875
7 -0.947377
b7) 0.363597
2 -0.006917"0.018174
74 -0.000004
PHIL 0.63844
PHI2  -0.01321" 0.62523
U= SUM(X/(1- SUM(phi)) = 0.0111824

intside
surface

hour Tout Tin

79.55
77.80
76.40
75.35
75.00
75.70
77.45
80.60
85.15
90.40
96.35
101.95
106.15
108.95
110.00
108.96
106.50
102.65
98.10
93.55
89.70
86.20
83.40
81.30

© 00O ~NO O~ WNBE
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4 in brick
.5 in plywood

3.5 in mineral fiber insulation

.5 in gypsum

70 F inside

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

SUM
(Z*Tout)

-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218
-1.27218

BHeat Load, Btu/hr

-10.0000

-20.0000

-30.0000

-40.0000

50.0000

40.0000

30.0000

20.0000

10.0000

= © . == Qin

0.0000

4

6 8 10 12 14 16 18 20 22 24

Hour

~—Qout

SUM

SUM

q = _ZoTi - Z ZnTi + YoTo + Z YnTo + ﬁ:q)nqﬂ—nAﬂ
n=1

(Y*Tout) (PHI*Q) inside (Y*Tin)

1.4965853
1.4613585
1.4294892
1.4011854
1.3791862
1.3670506
1.3707886
1.3935495
1.4387492

1.508893
1.5977654
1.6993305
1.8031086
1.8910724
1.9540685
1.9881256
1.9876034
1.9557371
1.8982479

1.822387
1.7404061
1.6645758
1.5978417
1.5410279

0.6140165

0.522263
0.4431372
0.3739508
0.3131755
0.2616167
0.2220452

0.200009

0.200945
0.2303903
0.2933626
0.3889907
0.5128808
0.6556285
0.7999164
0.9292071
1.0307566
1.0930987
11112211
1.0856852
1.0214694
0.9294711
0.8242538
0.7166902

q
outside
surface

Q SUM
0.8384 -1.27225
0.7114 -1.27225
0.6004 -1.27225
0.5030 -1.27225
0.4202 -1.27225
0.3565 -1.27225
0.3207 -1.27225
0.3214 -1.27225
0.3675 -1.27225
0.4671 -1.27225
0.6189 -1.27225
0.8161 -1.27225
1.0438 -1.27225
1.2745 -1.27225
1.4818 -1.27225
1.6452 -1.27225
1.7462 -1.27225

-1.27225
1.7373 -1.27225
1.6359 -1.27225
1.4897 -1.27225
1.3219 -1.27225
1.1499 -1.27225
0.9855 -1.27225

23.6300

CTF
Wall Analysis

Outside temperature given

=-Y,T - Z Y, T, + X Tg + ZXnTo + ﬁ:q)nqﬂ—nAﬂ
n=1

SUM

SUM

(X*Tou (PHFQ)

t)
-3.75341
-4.15782
-2.68783
-1.59821
0.999552
4.725103
8.092426
12.98061
17.51223
19.07984

21.4242

19.28065
13.78553
9.396909
3.471652
-3.55771
-7.39283
-11.8613
-13.4274
-12.7647
-9.86266
-9.19958
-6.64165

-4.4577

-13.67423
-11.648711
-10.656749
-9.1063607
-7.4533929
-4.7744319
-0.7416869

3.8982085
9.88356264
16.4721546
21.5404705
26.1652761
27.6514853
25.0592607
20.6553654
14.1530378

5.6503125

-2.0479048
-9.6526108
-15.346886

-18.43813
-18.492452
-18.101299
-16.226525

Q Load Explorer

outside BTU/100 ft2 ,TSS

Room Load
-18.6999 86.4
-17.0788 73.5
-14.6168 62.3
-11.9768 52.3
7.7261 43.8
-1.3216 37
6.0785 32.5
15.6066 31.2
26.1235 33.8
34.2797 41.4
41.6924 54
71.1
40.1648 91.6
33.1839 113.2
22.8548 133.6
9.3231 150.7
-3.0148 162.6
-15.1814 168.2
-24.3522 167.1
-29.3838 159.9
-29.5730 147.9
-28.9643 133
-26.0152 116.9
-21.9565 101

23.6197 2265.0000



Wall Energy Balance + Unsteady Conduction

CTF SUM
X0 4.277366 Tdesign 99.0000
X1 -5.350657 Range 21.6000
X2 1.104895 emissivity 0.9000
X3 -0.01342 absorbtivity  0.8000
X4 -0.0000170.018174 ho 3.0000
YO 0.000421 Fws 0.5000
Y1 0.009171 Fwg 0.5000
Y2 0.007994 Alpha 90.0000
Y3 0.000583
Y4 0.000006"0.018175 . 1 . .
Z0 0.608875 —
71 0.947377 Qoutside - hA(Tw - TO )+ 0-‘?l:ws (Tw - Tskye )+ 0-‘?l:wg (Tw - Tground [} )+ UA(TW - Ti )
b2) 0.363597 ASSUMED
Z3 -0.00691770.018174
74 -0.000004
PHI1 0.63844
PHI2 -0.01321" 0.62523
U= SUM X1- SUM phi 0.011182
hour  To Qrad Tin Ts Tsky Tground |Q outside [T S(Z* Tin) S(Y *Tout) S(PHI*Q) Qinside  S(Y *Tin) S(X*Tout) S(PHI*Q) |Q outside
ASSUMED |assumed CTF
METHOD
0 70 -10.80 17.768805  0.0000 86.74
0 70 -10.80 17.057074  0.0000 84.31 0.0000 0 0
0 70 -10.80 16.550369  0.0000 82.58 0.0000 0 0
0 70 -10.80 16.172537  0.0000 81.29 0.0000 0 0
1 8021 0 70 69.41 72.571247 80.2080) -7.2557| 80.21  -1.27218 1.4890958 0 0.2169 -1.27225 -1.766014 0 -3.0383]
2 79.13 0 70 68.33 71.491247 79.1280) -7.2119 79.13  -1.27218 1.4673827 0.138487754 0.3337 -1.27225 -1.998232 -1.93975 -5.2102]
3 78.26 0 70 67.46 70.627247 78.2640) -7.1770] 78.26  -1.27218 1.4477023 0.210175885 0.3857 -1.27225 -1.093334 -3.28628 -5.6519)
4 7762 0 70 66.82 69.979247 77.6160) -7.1510] 77.62  -1.27218 1.4302337 0.24183712 0.3999 -1.27225 -0.420853 -3.53955 -5.2327|
5 77.40 0 70 66.60 69.763247 77.4000) -7.1423] 77.40  -1.27218 1.416657 0.250211232 0.3947 -1.27225 1.182337 -3.26607| -3.3560)
6 77.83 1.8 70 67.03 70.195247 77.8320) -5.7196| 77.83  -1.27218 1.4091677 0.246702212 0.3837 -1.27225 3.481535 -2.07347| 0.1358
7 7891 16.9 70 68.11 71.275247 78.9120) 6.3168 78.91  -1.27218 1.4114745 0.239749128 0.3790 -1.27225 5.559654 0.13104| 4.4184)
8 80.86 29.4 70 70.06 73.219247 80.8560) 16.2380 80.86  -1.27218 1.4255212 0.236928093 0.3903 -1.27225 8.576364 2.819117| 10.1232
9 83.66 39.2 70 72.86 76.027247 83.6640) 23.9631 83.66  -1.27218 1.4534159 0.244156381 0.4254 -1.27225 11.37302 6.404708 16.5055
10 86.90 47.1 70 76.10 79.267247 86.9040) 30.1490| 86.90  -1.27218 1.4967047 0.266431993 0.4910 -1.27225 12.34046 10.40403 21.4722]
11 90.58 53.7 70 79.78 82.939247 90.5760) 35.2751 90.58  -1.27218 1.5515516 0.307826946 0.5872 -1.27225 13.78727 13.4907| 26.0057|
12 94.03 59.2 70 83.23 86.395247 94.0320) 39.5284 94.03  -1.27218 1.6142318 0.368405512 0.7105 -1.27225 12.46439 16.31944| 27.5116]
13 96.62 63.8 70 85.82 88.987247 96.6240) 43.0972] 96.62  -1.27218 1.6782777 0.445827468 0.8519 -1.27225 9.073115 17.22096| 25.0218]
14 98.35 132 70 87.55 90.715247 98.3520) 97.5824 98.35  -1.27218 1.7325639 0.534517986 0.9949 -1.27225 6.364707 15.6115 20.7040|
15" 99.00 192 70 88.20 91.363247 99.0000| 145.5542] 99.00  -1.27218 1.7714416 0.623931251 1.1232 -1.27225 2.707976 12.8877| 14.3234
16 98.35 236.2 70 87.55 90.715247 98.3520|  180.9424 98.35  -1.27218 1.7924571 0.703948564 1.2242 -1.27225 -1.656544 8.871147| 5.9424|
17 96.84 256.6 70 86.04 89.203247 96.8400| 197.327§ 96.84  -1.27218 1.7920808 0.766757233 1.2867 -1.27225 -3.963939 3.604624 -1.6316|
18 94.46 242.6 70 83.66 86.827247 94.4640|  186.2300] 94.46  -1.27218 1.772422 0.805281929 1.3055 -1.27225 -6.761453 -1.12015| -9.1539)
19 91.66 173.6 70 80.86 84.019247 91.6560|  131.1495 91.66  -1.27218 1.7369887 0.816501934 1.2813 -1.27225 -7.721047 -5.82264 -14.8159
20 88.85 47.3 70 78.05 81.211247 88.8480) 30.2278] 88.85  -1.27218 1.6901752 0.800793988 1.2188 -1.27225 -7.312179 -9.33816| -17.9226
21 86.47 0 70 75.67 78.835247 86.4720) -7.5130] 86.47  -1.27218 1.6395813 0.761197676 1.1286 -1.27225 -5.5212 -11.2468| -18.0402
22 84.31 0 70 73.51 76.675247 84.3120) -7.4236| 84.31  -1.27218 1.5927832 0.704442548 1.0250 -1.27225 -5.111987 -11.2808| -17.6651
23 82.58 0 70 71.78 74.947247 82.5840) -7.3526| 8258  -1.27218 1.5515987 0.639521419 0.9189 -1.27225 -3.533376 -11.0398 -15.8454
24 81.29 0 70 70.49 73.651247 81.2880) -7.2996| 81.29  -1.27218 1.5165365 0.573147278 0.8175 -1.27225 -2.185566 -9.88299 -13.3408
1 8021 0 70 69.41 72.418668 80.2080) -4.9813] 79.69  -1.27218 1.4888897 0.509787915 0.7265 -1.27225 -3.979157 -8.3079§ -13.5594
2 7913 0 70 68.33 71.419804 79.1280) -6.1491] 78.88  -1.27218 1.4624889 0.453025929 0.6433 -1.27225 -0.256475 -8.48063 -10.0094
3 78.26 0 70 67.46 70.573406 78.2640) -6.3774 78.08  -1.27218 1.4412224 0.401133631 0.5702 -1.27225 -1.150035 -6.21125 -8.6335|
4 7762 0 70 66.82 69.912089 77.6160) -6.1550| 77.39  -1.27218 1.4261977 0.355524753 0.5095 -1.27225 -0.680554 -5.37977| -7.3326]



After 4 iterations

22 8431 0 70 73.51 78.186849 84.3120]  -30.3079| 89.47  -1.27218 1.8434423 1.542975218  2.1142 -1.27225 -8.086779 -49.9729 -59.3319
23 82.58 0 70 71.78 76.014489 82.5840|  -23.4210| 86.23  -1.27218 1.6796043 1.317171964  1.7246 -1.27225 -6.426459 -36.8268 -44.5255
24 81.29 0 70 70.49 74.383736 81.2880|  -18.2826]  83.79  -1.27218 1.5973306 1.07312213  1.3983 -1.27225 -5.39703 -27.6431 -34.3124
1 80.21 0 70 69.41 73.062356 80.2080|  -14.5954] 81.88  -1.27218 1.5449388 0.869931344  1.1427 -1.27225 -4.003497 -21.3182 -26.5940
2 79.13 0 70 68.33 71.83685 79.1280| -12.3622| 80.31  -1.27218 1.5053906 0.7110679  0.9443 -1.27225 -3.210834 -16.5254 -21.0085
3 78.26 0 70 67.46 70.830701 78.2640|  -10.2017|  78.96  -1.27218 1.4736989 0.587770257  0.7893 -1.27225 -2.616644 -13.0613 -16.9502
4 7762 0 70 66.82 70.070753 77.6160 -8.5089]  77.93  -1.27218 1.4471609 0.491439866  0.6664 -1.27225 -1.520061 -10.5442 -13.3365
5 77.40 0 70 66.60 69.719897 77.4000 -6.4996]  77.25  -1.27218 1.4257108 0.415043177  0.5686 -1.27225 -0.370748 -8.29064| -0.9336
6 77.83 1.8 70 67.03 70.015759 77.8320 -3.0578] 77.22  -1.27218 1.4104618 0.354196962  0.4925 -1.27225 1.988117 -6.16586 -5.4500
7 7891 16.9 70 68.11 71.297262 78.9120 5.9893| 78.99  -1.27218 1.4048893 0.306907305  0.4396 -1.27225 8.992359 -3.34827 4.3718
8 80.86 29.4 70 70.06 73.424097 80.8560 13.1758  81.56  -1.27218 1.4215218 0.274163155  0.4235 -1.27225 10.49067 2.863153 12.0816
9 83.66 39.2 70 72.86 76.341431 83.6640 19.2363|  84.74  -1.27218 1.4605244 0.264575178  0.4529 -1.27225 12.31034 7.655609 18.6937
10 86.90 47.1 70 76.10 79.670175 86.9040 24.0429| 88.28  -1.27218 1.5127527 0.283567497  0.5241 -1.27225 13.2569 11.77521 23.7599
11 90.58 53.7 70 79.78 83.401915 90.5760 28.2064] 92.16  -1.27218 1.5738163 0.328648983  0.6303 -1.27225 14.35903 14.9223 28.0091
12 94.03 59.2 70 83.23 86.983454 94.0320 30.4696| 96.04  -1.27218 1.641191 0.395475467  0.7645 -1.27225 14.10789 17.56825 30.4039
13 96.62 63.8 70 85.82 89.824707 96.6240 30.1136| 99.48  -1.27218 1.7113355 0.479752678  0.9189 -1.27225 12.28459 19.04106 30.0534
14 98.35 132 70 87.55 93.714786 98.3520 50.4794] 108.59  -1.27218 1.780081 0.576568839  1.0845 -1.27225 37.06824 18.78566 54.5816
15[ 99.00] 192 70 88.20 96.555053 99.0000 63.1496| 116.73  -1.27218 1.8968623 0.68023016  1.3049 -1.27225 26.86408 34.4501 60.0419
16 98.35 236.2 70 87.55 97.981148 98.3520 64.7609| 123.16  -1.27218 2.0490116 0.818782451  1.5956 -1.27225 20.88503 37.61215 57.2249
17 96.84]  256.6] 70 86.04 97.915139 96.8400 57.6280| 126.58] -1.27218 2.1798001 1.001465939  1.9091 -1.27225 9.975427 35.74153 44.4447
18 94.46 242.6 70 83.66 96.20723 94.4640 36.1791 126.49  -1.27218 2.2673948 1.197758801  2.1930 -1.27225 -1.757484 27.61934 24.5896
19 91.66 173.6 70 80.86 92.795236 91.6560 -8.0105| 121.62  -1.27218 2.2956515 1.37486302 _ 2.3983 -1.27225 -18.38293 15.11187 -4.5433
20 88.85 47.3 70 78.05 87.421989 88.8480]  -66.5931| 110.05  -1.27218 2.2473938 1.502223536)  2.4774] -1.27225 -41.94862 -3.22546 -46.4463
21 86.47 0 70 75.67 82.78902 86.4720|  -68.2568| 99.97  -1.27218 2.0981079 1.550013078  2.3759 -1.27225 -28.56453 -29.5932 -59.4300
22 8431 0 70 7351 79.358179 84.3120|  -48.2365| 93.47  -1.27218 1.907611 1.484168789  2.1196 -1.27225 -15.13288 -37.3289 -53.7340
23 82.58 0 70 7178 76.83532 82.5840| -35.8748| 89.03  -1.27218 1.7587733 1.321851101  1.8084 -1.27225 -10.34269 -33.5209 -45.1358
24 81.29 0 70 70.49 74.989556 81.2880|  -27.4158] 85.86  -1.27218 1.6588021 1.126583315  1.5132 -1.27225 -7.193385 -28.1067 -36.5723
113.8188 29.5376 49.1216
hour To Qrad Tin Ts Tsky Tground Q outside  Twall S(Z* Tin) S(Y *Tout) S(PHI*Q) Qinside  S(Y *Tin) S(X*Tout) S(PHIQ) Q outside
ASSUMED CTF
METHOD
140.00 80-0000
Wall Temperature
120.00 60-.0000
100.00 40-0000
== Q out ASSUMED
80.00 - 20:66806—
60.00 0:0600— ' ' == Qout CTF
== Wall Temperature -6 14 24 METHOD+Sheet1!SHS
-20.0000—
40.00 J 126
-40-606060
20.00
0.00 T T T
0 5 10 15 20 -80-.0600




[lj PRF/RTF Generator
File Edit WView Run Options Help

Dl || SVt | 2|

[_ "1 Surface Information

Cloze |

Specific Heat Resistance

Mo. of Layers I 2] Set I

Thicknegs Conductivity Density

Surface Humber: 1 of 1 Surface type
- Delete thiz suface |
Suface Name Ip[mect wall * walA¥indow € Floor
. L ey U Roof/Ceiling " IntemalMass  Add another surface |
Inzide layer emissivity | 0 Area | o ma2

i

Mate:  Enter the outside |ayer first.
Enter either thickness, conductivity, density, specific heat or resistance.
Far air-to-air PRF. outside and inside surface resistances should be input as the first and last layers respectively.

Select

Edt |

Add | Delete | Save

=lolx|

| Lloze

Thickness - mm

Density - kgdm™3

Resistance - [m”2-K) A

Therrmal Capacity - k[

Layer Hame mm (k) ka/m”™3 kil #(ka-K) [ 2K A
Conductivity - W (m-K] Specific Heat - kl/kgk)  Mass - kg/m™2 HMotes I
1 JFo 0.044 Edit
I I I I I I _I 18] Description Conductivity Deersity| Specific Heat| 4|
2 [min | oo | 08%4 | 1922153 | 075E | Edt_ | =] Inside surface resistance 0 0 0
. E1 20 mm Plaster or gypzum 0727 1602.002 0.841
3 JFo4 | | | | [ o | Edt | E2_ |12mm Slagor stone 1436 881003 167
4 |M03 | 2073200 | 0.495 | AFE511 I 0.879 I Edit I E3 10 mm Felt and membrane 019 11241 1.67
_ E4 Ceiling air space 0 0 0
5 |Fo4 | I I I [ 15z [ Ede | 5 |Acoustc tle 0.061] 481003 EGIN
5 Edit Fo1 Outside Surface Resistance 1] 1] 1]
|ID4 I 53408 I 0046 I 19.222 I 0.953 I _II Foz2 Ingide Vertical Surface Resistance 1] 1] 1]
A [EfT] | 158 | ote0 | Gooesr | 1088 | Edit_| FO3__|[Inside Horizontal Surface Fiesistance I I 0
a Edit (— FO4 Wwall Air Space Resistance 1] 1] 1]
IFD2 I I I I I 0120 ! FO5 Ceiling Air Space Resistance 0 0 0
FR FIFE Finish n7721  18RA NA1 naa7 T
UM g

Surface Name PROJECT WALL
Construction Name PROJECT WALL
No. of CTF Terms 10
CTF X-Exterior (W/m~"2-K) Y-Cross (W/m”2-K) Z-Interior (W/m”2-K) Flux
0 11.82941341 -7.42398E-07 3.270902634 0
1 -28.35542297 9.67286E-05 -9.006444931 2.033258915
2 23.56908798 0.001478773 8.942708015 -1.39770174
3 -8.256293297 0.003223035 -3.789560318  0.387009412
www.hvac.okstate.edu 4 1.303383112 0.001554109 0.617812514 -0.044122197
5 -0.085096784 0.000183172 -0.029231144 0.001714425
6 0.001476981 4.92601E-06 0.000354466 -1.57141E-05
PRF RTF Generator program 7 -7.37688E-06 2.52536E-08 -1.04261E-06  9.69663E-09
o 8 3.55339E-09 2.04873E-11 5.3928E-10 -1.60853E-12
(Perlodlc Response Factor — 9 -4,03135E-13 2.49616E-15 -8.02642E-14  6.87596E-17
Response Transfer Functions)
|Ready [srunit | FRF mode CAFs NUM

Drsen| | Ll 0 @)@ el @l wl|E @

lellre



Radiant Time Series Method

1)  No exterior or interior heat balance

2)  Periodic Response Factors (PRF) replace
Conduction Transfer Functions (CTF)

3) PRF”s are derivable from CTF’s

sol - air temperature, T, —replaces wall heat balance
T, —outdoor air temperature that would give an equivalent heat flux.

qconduction,ext,j,e = aGt + ho (To - Tes,j,e) - SAR (8 - 61)
qconduction,ext,j,e (from heat balance) = ho (Te - Tes,j,e) (8 - 62)

combining,
T =T +O‘ft _ER (8—-63)

es_R = 7°horizontal, 0° vertical

0



Radiant Time Series Method

23
qconduction,in,j,e - Z YPn (Te,j,e—mS - Ti ) (8 - 64)
0

Y., = Periodic Response Factors p261 derived from Conduction Transfer Functions
qconduction,in,j,e = YPo (Te,j,hour o Ti )+ YPl(T ,j,hour-1 Ti )+ YPZ (T ,j,hour-2 Ti )"‘ .to n=23

€ €

O conduction windows = UA(T, = T,) ignoring window thermal mass (8- 66)

Radiant Time Series Method over predicts when there is a large amount of glass
can be executed with a spread sheet and table of response factorsY,, .

Carrier Hourly Anlaysis Program (HAP) is based on Radiant Time Series Method .



RADIANT TIMED SERIES (RTS)

Wall1l Figure 8-17a,Table 8-18
Tdesign 99
Range 21
Alpha 0.9
ho 3
Tinside 72
edR/ho 0
Hou r Periodic Incident Outside
Hr Response Solar Tempeerature
Facror Load To
Ypn Gt
1 0.000156 0 80.73
2 0.0056 0 79.68
3 0.014795 0 78.84
4 0.014441 0 78.21
5 0.009628 0 78
6 0.005414 0 78.42
7 0.002786 4.1 79.47
8 0.001363 19.3 81.36
9 0.000647 29.3 84.09
10 0.000301 37 87.24
11 0.000139 42.8 93.981
12 0.000063 49 94.17
13 0.000029 78.8 96.69
14 0.000013 132.5 98.37
15 0.000006 173.9
16 0.000003 198.1 92.7
17 0.000001 9.9
18 0.000001 180.1 94.59
19 0 130.5 91.86
20 0 40.9 89.13
21 0 0 86.82
22 0 0 84.72
23 0 0 83.04
24 0 0 81.78
U=SUMY 0.055386 1317.5

Sol-Air
Temperature

Te

80.73
79.68
78.84
78.21
78
78.42
80.7
87.15
92.88
98.34
106.821
108.87
120.33
138.12
151.17
152.13
157.26
148.62
131.01
1014
86.82
84.72
83.04

81.78 Inside

80.73
79.68
78.84
78.21
78
78.42
80.7
87.15
92.88
98.34
106.821
108.87
120.33
138.12
151.17
152.13
157.26
148.62

1014
86.82
84.72
83.04
81.78

Heat
Load
Qin

1.070
0.813
0.653
0.545
0.468
0.413
0.379
0.377
0.443
0.602
0.834
1.119
1.433
1.758
2.196

41.92644

23
Qinjo = ZTPn (Te,j,e—n5 — Tinsice)
n=0

e (6}

T, =T, +O(h—Gt+O(verticaIwaII)

(8-1)
G, West facing wall

T, from

Equilibrium

5.000
4.500

Conduction
Heat Load

Qequlib

0.484 4.000

0.425
0.379

3.500

N\
\

0.344

0.332
0.356

3.000
/

\—Inside Heat Load

0.414 2.500 /

0.518 2.000 /
1.500

0.670
V4

‘\ Equilibrium
Conduction

1.228
1.367

0.844
1.000 N //
0.500 -—%

1.461

1.217

0.000 +—r——————T— 11—
1.146
1.379
1.251
1.100
0.949
0.821
0.705
0.611
0.542

20.038

0 2 4 6 8 10 12 14 16 18 20 22 24



o
=

Consider a ceiling space formed by an infinite flat roof and a horizontal ceiling. The inside
surface of the roof has a temperature of 135 F and the top of the ceiling insulation has a
temperature of 115 F. Estimate the heat transferred by radiation and convection separately and
compare to the combined values in the text. Use ceiling emittances of .9 and .05. Assume the

emissivity of the roof is .9.

for €,=.9, ¢=.9

1
= =.82
i 2&_,_1
9

€=

1-¢
€

Oy =€ 0 (T4 —T)=.82x.1713x10*(595* ~575*)
Upa = 22.5 Btu/ft? hr

1-¢
€.

1
o, 1
+—+
I:io

Lot 1
SR 92+.92

Qeony = UAT = x20=10.87Btu/ ft*hr

for £,=.9, ¢ =.05

€=

1
1 1-g 1-9 , 1-05 =-0497
3 F 3

0 io i 9 05
0 =£0(T2—T")=497x.1713x10*(595" ~575")
0, =1.363 BtU/ft? hr

1-¢,

1 oo 1
SR~ 4551455

Qeony = UAT = x 20 =2.20 Btu/ ft>hr




Mean Radiant Temperature Method - RMT

f —ficticious surface | = 2surface, T,, 82\‘

n —number of surfaces in ficticious group
J—surface interacting with thefictioious surface

Ficticious Surface Areas = Sum of areas )
| =1surface, T, €,

A=Y A0-5) (8-35)

Ficticous Surface Emissivity —area weighted emmisivity

> A e (1-5)

€=

boYaas)

Ficticious Surface Temperature — Area x emissivity weightef

(8—36)

Zn:Ai x€ xT. x(1-9,)
T, =L (8-37)
2 AxEx(1-8,)

F, ;view factor ficticous surface to jsurface

1
R, = (8-38)

1-¢; +1+ Al i-g
€ A &

4 4
i, =0xe;xF;x(T =T/)

f surface

| =3surface, T,, €,

l q]'—n'

/

jsurface, T, €



Mean Radiant Temperature Method - RMT

Radiation coefficient for surface |
4 4

Ti _Ti,j
h,;=0xFx T T (8-39)

i f

Radiation on to surface j
0 ragiation,j = hr,j X (Tj - Tf,j) (8-40)

The net of radiation between all surfaces should be 0.

2 A X (T =T, ) =0

=

The correction is the net excess radiation divided by the sum of the area of all surfaces.

ZAj xh i x(T;=T;;)
== (8-41)

2A
j

q baalance

Corrected Radiation to jsurfacesis,
q radiation, j — h rj X (Tj - Tf,j) - qbalance (8 - 42)



CARRIER HAP PROGRAM
WEATHER - location, design conditions, yearly weather tape
SPACES - conditioned spaces assembled into zones.

Can be rooms, part of rooms, zones or

part of zones.

SYSTEMS - type of equipment and operating conditions
VAV, supply conditions, etc

LIBRARIES — components can be selected for each space
Schedules — for people. lights, equipment occupation,

thermostat
Walls conductivity, density
Roof specific heat
Windows thickness,
Doors emissivity

Shades



1 HAP42 - [Untitled]

Projeck  Edit  Wiew | Repaorts Help

|’i§||ﬁ'ﬂﬂiﬁ Print Input Data "< §_||ﬂ’hﬂﬁ| 7
- Yiew Input Data -
E Untitled Mumnber of entries
E ..... % Weather Pr"—ltlllllllliew Design Data .lliii;-;;s;i; .............................................. i .....................................................................................
@ Print'iew Simulation Data e
T [ |§ Spztems nare
g] Flants
o Bl Plants glalgl=
---- Bulidings Ea Buildings lalyl=
EIEl Project Libraries B Py tgL'I:u :
Tt Schedules roject Libraries
A walls
|45 Roofs SELECT:
% E‘“”dm Spaces or  Print Input data
i Qs .
1 Shades Systems or View Input Data
- Chillers

Bailers
Electric Rates
Fuel Rates

Systems — Print/View Design Data ( runs load program)
Print/View Simulation (runs simulation)



LJ' HAP42 - [Chicago Building Project 07]

Project  Edit  Wiew Reporks Help
AEHEEBE B X |28 eEE IR P
Chizago Building Project 07 Properties | Dezign City | Simulation City
G
i Weather "% <weather Properties> Chicaga AP linois Chicago [THY]
gl Space:
----- Suztems o icne _ IChi
@ = Weather Properties - [Chicago IAP] il
ants
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OA Requirement 1
OA Requirement 1

18 cfm/person
.1x max occupation x 20 cfm = cfm
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Gross wall area is input. The program calculates the wall
Heat transfer area by subtracting window area from
gross wall area.

Select walls, windows, doors and shades from the library in
the drop down boxes.
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Select roof, and skylights from the library
in the drop down boxes.
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All spaces must be assigned to a numbered zone after each
system change.
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: Eh|||§rs LW concrete block - 4000 38.0 0.20 1.51500 127
J# EE;T:!?SQ Towers Face brick hd 4000 1250 0.22 0.43300 417
..... S Elactic Pates Dutside surface reszistance 0.000 0.0 0.00 0.33200 0.0
ﬁ Fuel Rates Tatals 2625 4.44 BE.9

Dwerall LA alue: 0.229BTU MR AR

Q. I Cancel | Help |

No inside and outside convection coefficients are input.
These are added by the program.
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[Outside surface resistance | 0.000 0.0 0.00  0.33300 0.0
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Electric Rate Name

:ﬁ <Mesw default Elechic B ate-

5% Electric Rate Properties - [Sample Electric Rate]

General

T Energy Charges

T Cemand Charges

T Demand Clauses
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ISampIe Electric Rate

Currency |$

Type

Energy Units
Comversion

Demand Units

@ Simple;
 Complex

IkWh

1.00000 kA bk

kw/ =]

=~ Seasonal Scheduling

Summer

Winter

[ TF T [& [ [ I3 [ [ [0 W D
o9 9D Yo 90909
Mid RS R RN RN N RN
TR N S I R N T

Scheduls

= I Time- Of- Day Scheduling

| I(nnne} j

— ¥ Emissions Analysis

|
|
Flat Price | 0.00000 Skt
Customer Charge | 0.00 § CO2 Factor | 0.00  Ibikiwh
Minimurn Charge | 0.00 § 5032 Factar | 0.00 oikinih
Tax Rate | 0.00 % MO Factor | 000 oikitih
oK | Cancel | Help

Simple — input a electricity cost
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Fuel Rate Mame

. <Mew default Fuel B ate:

¥ Fuel Rate Properties - [Sample Fuel Rate]
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T Fuel Charges
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Currency

Type

Energy Units
Conversion

Demand Linits

Mame I- ample Fuel Rate

|

& Simple

 Complex

ITherm

| 100.00000 KETUTherm

IHlJurI_|,l Peak j
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= Seasonal Scheduling

[ TF T & v [0 T [a s o v o

ERE RN N NN N RN N
Mid SRR N NN NN NN
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schedule

= I Time - Of - Day Scheduling

=]
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Flat Price | 0.00000 $/Therm
Custorner Charge I 000 § 02 Factor 0.00 B Therm
Minimum Charge I 000 3 502 Factor 0.00 oTherm
Tax Rate I 0.00 % MO Factor 0.00 oTherm
Cancel | Help
Rate Mame | daw. Characters: 30

Simple — input a fuel cost




To obtain cooling, heating and fan product specifications
http://www.carrier.com
Commercial Systems
Building Process Heating and Cooling Systems
Products
Packaged Outdoor
Rooftop Units
48 Z or48 A
Documents and Downloads
Gasfired Heating and Electric Cooling
Product Data, Export and Domestic (162 pages)



http://www.carrier.com/
http://www.carrier.com/

Carrier HAP Building Project Energy Analysis
View
Options
Other Options
Enable Energy Analysis
Weather
Simulation Tab
Select Chicago
Systems
Supply Fan
Enter static pressure of selected fan (1 to 4 in water)
Humidification
Select self contained steam- natural gas
Electric Rates
Set up a Building Rate from the default
Rate - .03 to .13 $/ kw hr, my rate in buffalo is $.124/ kwhr
Fuel Rates
Set up building fuel rate
A therm is 100,000 BTU/hr
A cubic foot of natural gas has a heating value of about 950 BTU.
Rate -$.80 to $ 1.25/ therm, my rate in Buffalo is $1.21/therm
The May future price for natural gas is $.72/ therm
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System Type

This item defines the kind of air system being entered. HAP offers features for analyzing a variety of common air handling systems. Choosing a system type is important because each type contains d

When performing system design work with HAP, the choice of a system type will influence system sizing calculations because the program tailors sizing procedures to the system type. This is re
variable volume systems. In addition, the program will generate data to size the major components in each system. For example, a Two-Fan Dual Duct VAV system contains two supply fans which ear

When using HAP to perform operating cost studies, the choice of a system type will influence the system operation and energy consumption levels during the whole year energy simulation the progran

The contents of the drop-down list for system type vary according to the equipment type you chose. System types available within each equipment classification are shown below.

Undefined Packaged Rooftop Units Packaged Vertical Units
CAV - Single Zone CAV - Single Zone CAV - Single Zone

CAV - Terminal Reheat CAV - Terminal Reheat CAV - Terminal Reheat
vav CAV - 2-Deck Multizone VAV

wWT CAV - 3-Deck Multizone WT

CAV - Dual Duct

CAV - Tempering Yentilation
VAV

VAV - 1-Fan Dual Duct
WAV - 2-Fan Dual Duct
VAT

Split AHU Chilled Water AHU Terminal Units

CAV - Single Zone CAV - Single Zone Packaged DX Fan Coil

CAV - Terminal Reheat CAV - Terminal Reheat Split DX Fan Coil

CAV - 2-Deck Multizone CAV - 2-Deck Multizone Water Source Heat Pump

CAV - 3-Deck Multizone CAV - 3-Deck Multizone Ground Water Source Heat
Pump

CAV - Dual Duct CAY - Dual Duct Ground Source Heat Pump

CAV - Tempering Ventilation CAV - Tempering Ventilation 2-Pipe Fan Coil

VAV CAV - 4-Pipe Induction 4-Pipe Fan Cail

WAV - 1-Fan Dual Duct VAV

VAV - 2-Fan Dual Duct VAV - 1-Fan Dual Duct

WWT - 2-Fan Dual Duct

VAV
WT
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VAV 2-Fan Dual Duct System

This help topic describes the operating assumptions for a VAV 2-Fan Dual Duct air system. This multiple-zone system uses a central two-deck,
two-fan air handler which provides a variable volume of conditioned air to zone terminals. Air is distributed to the terminals through two parallel
main ducts. The hot deck has its own VAW fan which supplies warm return air to the zones. A heating coil in the hot deck operates whenever the
warm return air is insufficient to meet zone demand. The cold deck has its own VAV fan and cooling coil, and supplies cold air to the zones. The
zone terminals mix air from the hot and cold supply ducts, providing air to the zones at a temperature sufficient to maintain comfort conditions.
Depending on the user's description of the system, cooling and heating operation varies in the occupied and unoccupied periods as described in

the following sections.
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A. Occupied Period Operation

VAV 2-Fan Dual Duct System Schematic

1. The cold deck supply fan runs continuously to supply a variable volume of cold air to zone terminals.

2_The hot deck supply fan runs continuously during the hour whenever one or more zones call for heating;

3. Hot deck and cold deck supply air temperatures are controlled according to user specifications.

4. Zone Thermostat Control

otherwise, the hot deck fan is off.

| »
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Air System Sizing Summary for PROJECT WEST ZONE

Project Name: Chicago Project 2012 10ft model Roof R 03/25/2012
Prepared hy: University at Buffalo 10:58AM
Air System information
Air System Name ___ PROJECT WEST ZONE Number of zones ... —
Equipment Class ... PKGROOF Floor Area 4410.0 1t
Air System Type 2FDDVAV location ... .. .. Chicago IAP, llinois
Sizing Calculation information
Zone and Space Method:
Zone CFM _. Peak zone sensible load Calculation Months .. May to Sep
Space CFM ... Individual peak space loads Sizing Data .. Calculated
Central Cooling Coil Sizing Data
Total coil load ... 13.7 Tons Load occurs at —...Jul 1600
Total coil load 164.2 MBH OADB/WSB ... 904/739 °F
Sensible coil load . 136.0 MBH Entering DB/ WB ... 78.2/63.5 °F
Coil CFM at Juf 1600 .§317 CFM Leaving DB / WB 53.9/526 °F.
Max block CFM at Jul 1600 57560 CFM Coil ADP ... K
Sum of peak zone CFM 5750 CFM Bypass Factor .
Sensible heat ratio 0.828 Resulting RH _. - - - %
ft*%Ton 322.2 Design supply temp. . 55.0 °F
BTUARMEIR) i s s s 37.2 Zone T-stat Check ... 1of1 OK
Water flow @ 10.0 °F rise _N/A Max zone temperature deviation ._...................00 °F
Central Heating Coil Sizing Data
Maxcoilload .= 85.0 MBH Load occurs at ... oenenrr.. DS Hig
Coil CFM at Des Htg 1663 CFM BTUAOr-ft) ........... A |- -
* Max coil CFM 1663 CFM Ent. DB/ Lvg DB 71.5/120.0 °F
Water flow @ 20.0 °F diop. N/A
Supply Fan Sizing Data
Actual max CFMatJui1600 5750 CFM Fan motor BHP 2.51 BHP
Standard CFM 5611 CFM Fan motor kW . 1.87 kKW
Actual max CFM/f® . 1.30 CFW/f® Fan static . 150 inwg
Hot Deck Suppiy Fan Sizing Data
Actual max CFMat Des Htg ... 1663 - CFM Fan motor BHP 0.73 BHP
Standard CFM 1623 CFM Fan motor KW 0.54 Kkw
ActualmaxCFM/M* 038 CFMMt? Fan static . 1.50 inwg
Return Fan Sizing Data
Actual max CFM at Jul 1600 ... ... ... .5B750 CFM Fan motor BHP BHP
Standard CEM ... .. .o o b iasief 5611 CFM Fan motor KW Kwv
Actual max CFM/ftZ. 130 CFM/f? Fan static inwg
Outdoor Ventilation Air Data
Design airflow CFM _ 664 CFM CFM/Person ... 20.12 CFM/person
CFM/ft2 ... 0,15 CFM/it2




Air System Design Load Summary for PROJECT WEST ZONE

Project Name: Chicage Project 2012 10ft model Roof R 03/25/2012
Prepared by: University at Buffalo 10:58AM
DESIGN COOLING DESIGN HEATING
COOLING DATA AT Jul 1500 HEATING DATA AT DES HTG

COOLING OADB/WB 91.0 °F / 74.0 °F HEATINGOADB/WB -60°F/-7.2°F
Sensible Latent Sensible Latent
ZONE LOADS Details {BTU/hr) (BTU/hr) Details {BTU/hr) {BTU/hr)
Window & Skylight Solar Loads 1120 69417 - 1120 ft - -
\Wall Transmission 1510 ft* 543 - 1510 ft* 4453 -
Roof Transmission 4410 ft* 4881 - 4410 ft2 15950 -
Window Transmission 1120 ft 8346 - 1120 ft2 50790 -
Skylight Transmission 0 ft2 0 - 0 ft2 0 -
Door Loads 0 ftz 0 - 0ft? 0 -
Floor Transmission 4410 ft2 0 - 4410 fe 1737 -
Partitions oft 0] - 0 ftz 0 -
Ceiling 0 ft? 0 - 0 f2 0 -
Overhead Lighting 4763 W 13411 - 0 0 -
Task Lighting 0w 0 - 0 0 -
Electric Equipment 2205W 6937 - 0 0 -
People 33 6145 6765 0] 0 0
Infiltration - 3099 4899 - 14719 0
|Miscellaneous - 0 0 0 0
Safety Factor « 0% /0% 0 0 0% [0} 0
>> Total Zone Loads - 112780 11664 - 87649 0
* |Zone Conditioning - 109002 11664 - 87272 0
Plenum Wall Load 0% 0 - 0 0 -
Plenum Roof Load 0% 0 - 0 0 -
Plenum Lighting Load 0% 0 - 0 0 -
Return Fan Load 4963 CFM 3722 - 2306 CFM -1965 -
Ventilation Load 573 CFM 8728 15277 77 CFM 4632 -28
Supply Fan Load 4963 CFM 5582 - 664 CFM -1786 -
Hot Deck Supply Fan Load 0 CFM 0 - 1663 CFM -1849 -
Space Fan Coil Fans - 0 - - 0 -
Duct Heat Gain / Loss 0% 0 - 0% 0 g
>> Total System Loads 127035 26941 - 86304 -28
Central Cooling Coil - 127034 26951 - 0 0
Central Heating Coil - 0 - - 84967| -
>> Total Conditioning ~ 127034 26951 - 84967 0

Key: Positive values are clg loads Positive values are hig loads

Negative values are htg loads Negative values are clg loads




Prepared by: University at Buffalo

Project Name: Chicago Project 2012 10ft model Roof R

Ventilation Sizing Summary for PROJECT WEST ZONE

03/25/2012
10:58AM

1. Summary
Ventilation Sizing Method

Sum of Space OA Airflows

Design Ventilation Airflow Rate

2. Space Ventilation Analysis Table

664 CFM

Floor Maximum Required Required Required Required| Uncorrected

Area| Maximum Supply Air| Outdoor Air| Outdoor Air! Outdoor Air| Outdoor Air| Outdoor Air

Zone Name / Space Name Mult. (ft*)| Occupants (CFM)| (CFM/person) (CFM/ft?) (CFM)| (% of supply) (CFM)
Zone 1

Zone 1 W Offices 1 4410.0 33.0 5750.0 18.00 0.00 70.0 0.0 664.0

Totals (incl. Space Multipliers) 5750.0 664.0
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Monthly Simulation Results for PROJECT WEST ZONE
Project Name: Chicago Project 2012 10ft model Roof R 03/25/2012
Prepared by: University at Buffalo 11:28AM
Air System Simulation Results {Table 1) :
Central Cooling| Central Cooling|Central Unit Clg| Central Heating| Central Heating| Central Heating| Central Heating
Coil Load Eqpt Load Input Coil Load Eqpt Load Coil Input] Misc. Electric
Month {(kBTU) (kBTU) (kWh) (kBTU) (kBTU) (kBTU) {k\Wh)
January 0 0 0 21365 21365 25135 0
February 0 0 0 14972 14972 17614 0
March 0 0 0 6479 6479 7623 0
April 0 0 0 49 419 493 0
May 0 0 0 0 0 0 0
June 39697 39553 3591 0 0 0 0
July 45304 45304 4225 0 0 0 0
August 42220 42147 3899 0 0 0 0
September 24710 23743 2082 0 0 0 0
October 0 0 0 0 0 0 0
Novernber 0 0 0 6374 6374 7499 0
|December 0 0 0 20197 20197 23762 0
[ Total 151930 150746 13797 69807 69807 82126 0
Air System Simulation Results {(Table 2} :
Hot Deck o I?tectric
Vonth ® Suppl();nlfva:‘r; Suppl(;lf( &a:‘r; Retur{r:(;?hr; Ll!::\t;v'}-g Equuzlr(nvsgt
January © 389 173 317 1606 743
February - 352 127 275 1432 663
March 388 69 277 1559 722
April 377 5 252 1548 77
May 389 0 260 1606 743
June 600 o 400 1501 695
July 637 0 425 1606 743
August 603 0 402 1606 743
September 469 0 313 1501 695
October 389 0 260 1606 743
November 377 89 268 1548 77
December 389 167 314 1559 722
Total 5362 609 3762 18677 8647




Unmet Load Report for PROJECT WEST ZONE

Project Name: Chicago Project 2012 10ft model Roof R
Prepared by: University at Buffalo

03/25/2012
11:28AM

Note: Data shown in this report is for diagnostic purposes only. Values represent total unmet hours for each cooling and/or heating unit. No deductions are

i.Unmetload

made when unmet hours for one unit coincide with those in another unit.

atistics - Central Cooling Unit - Air-Cooled DX

[=lE=RE=RE=AEk=NE=]

Equipment Capacity Capacity Capacity Total Hours
Capacity is Insufficient Insufficient Insufficient Total Hours with
Sufficient by 0%-5% by 5%-10% by >10% with Unmet Equipment
Month (hrs) (hrs) (hrs) {hrs) Loads Loads
January 0 0 0 ]
February 0 0 0 0 0 [¢]
March 0 Q 0 0 Q0 0
April 0 0 0 0 0 0
May 0 0 0 0 0 0
June 710 0 0 10 10 720
July 744 0 0 0 0 744
August 739 0 0 5 5 744
September 653 0 0 67 67 720
October 0 0 0 0 0]
November 0 0 0 0 o]
December 0 0 0 0 0 4]
Total 2846 0 0 82 82 2928
2. Unmef Load Statistics - Contral Heating Unit - Combustion
Eauipment Capacity Capacity Capacity Total Hours
Capacity is Insufficient insufficient Insufficient Total Hours with
Sufficient by 0%-5% by 5%-10% by >10% with Unmet Equipment
Month {hrs) (hrs) {(hrs) {hrs) Loads Loads
January 23 0 0 0 0 723
February 572 0 0 (0] 0 572
March 367 0 0 (0] 0 367
April 31 0 0 0 0 3
May 0 0 0 0 0
June 0 0 0 0 o]
July 0 0 0 0 0]
August 0 0 0 0 a
September 0 0 0 o} 0
October 0 0 o] 0 0
November 374 0 0 0 0 374
December 735 0 o} 0 0 735
Total 2802 0 0 0 0 2802




University at Buffalo

Annual Cost Summary
Chicago Project 2012 10ft model Roof R

03/25/2012,
11:20AM

Table 1. Annual Costs

Chicago Building
‘Component ($)
Air System Fans 973
Cooling 1,380
Heating 821
Pumps 0
Coaling Tower Fans 0
HVAC Sub-Total 3,174
Lights 1,868
Electric Equipment 865
Misc. Electric 0
Misc. Fuel Use 0
Non-HVAC Sub-Total 2,732
Grand Total 5,907
Tabie 2. Annual Cost per Unit Floor Area
Chicago Building
Component ($/it%)
Air System Fans 0.221
Cooling # 0.313
Heating 0.186
Pumps 0.000
Cooling Tower Fans 0.000
HVAC Sub-Total 0.720
Lights 0.424]
Electric Equipment 0.196
Misc. Electric 0.000]
Misc. Fuel Use 0.000
Non-HVAC Sub-Total 0.620
Grand Total 1.339
Gross Floor Area (ft?) 4410.0
Conditioned Floor Area (ft?) 4410.0
Note: Values in this table are calculated using the Gross Floor Area.
Table 3. Component Cost as a Percentage of Total Cost
Chicago Building
Component (%)
Air System Fans 16.5
Cooling 23.4
Heating 139
Pumps 0.0
Cooling Tower Fans 0.0
HVAC Sub-Total 53.7
Lights 31.6
Electric Equipment 14.6
Misc. Electric 0.0
Misc. Fuel Use 0.0
Non-HVAC Sub-Total 46.3
Grand Tofal 100.0




