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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.
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Typically outside temperatures are assumed to vary sinusoidally
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Heat Balance Method

Exterior Surface 
Heat Balance

Solar Radiation

Convection

Reflection

air oT

woT

Heat 
Transfer
into wall

Solar Radiation
thru windows

Convection
to space

Radiation to
space surfaces

Wall 
Heat Balance

Interior Surface 
Heat Balance

Heat 
Transfer
thru wall

wiT air iT

outwallpin

outwallin

qT)(mcq
qΔEq

+∆=
+=

 timeθ surface, th j location,q

dx
dTkAq −=



( ) ( ) ( ) ( )

( )( ) ( )( )
( )( ) ( )( )

( ) ( ) ( ) ( )

( ) ( )

226224
conduction     n         reradiatio          convection         

14              29.38    32.2             150.224
69.251.9151296..07713865.51296..07713493224

R600  F,140Tat 

530T.21.91510T.5.1714.9865.510T.5.1714.9550T3.8280

 24)-(7               .590)/2 cos(1α)/2 cos(1F
20)-(7      .590)/2 cos(1α)/2 cos(1F

90TT

R542.36460..3682T

82.3690.29379.2.707T
902/90cos178.22/90cosT

25)(8T22/cos-1T2/cosT

78.210.8TT

TTUATTσεFTTσεFTThAQ

QQQQQ
FhrBTU/ft 3h

FhrBTU/ft  .2U
.9  Emmission   Wall
.8    AbsorptionSolar 

F70 Inside  F,90 Outside
BTU/hrft  280  Radiation Solar Incident 

OO
w

w
84

w
84

ww

wg

ws

oground

O
θsky 

θsky 

θsky 

    Oskyθsky 

dbsky

iw
4

θ ground
4
wwg

4
θsky 

4
wwsOwincident

conduction
ground

nreradiatio
sky

nreradiatioconvectionincident

O2

O2

OO

2

=

+++=
×+−+−+×=

=

−+−××××+−××××+−=×

=−=−=
=+=+=

==

=+=

=×+×=

−+=

−+=

=−=

−+−+−+−=

+++=
=

=

−−

αα

No Mass Wall Heat Balance

Incident
Solar
Radiation

Re-Radiation
Ground

Convection

Steady State
ConductionRe-Radiation

Sky



7)(8   qΦTYTYTZTZq

6)(8  qTXTXTYTYq

 form, series  theof loadsheat  outside and Inside
constants. ZandY,Xith solution w Numerical

conditions boundary        
x

t)T(x,kAq

     
x

t)T(x,
C ρ
k

t
t)T(x,

nΔ-θ

Nq

1-n
n

Ny

1n
θn-θinoO

Nz

1n
θn-θiniO

surface
intside

nΔΔ-θ
1

Nx

1n
θn-θinoO

Ny

1n
θn-θiniO

surface
outside

nnn

2

2

p

−+++−−=

−Φ++++−=

∂
∂

−=

∂
∂

=
∂

∂

∑∑∑

∑∑∑

=
∆

=
∆

==
∆

=
∆

θ

Nq

n
n

Z TRANSFORM METHOD













−

===

−=−−=

−+++−−=

−Φ++++−=

∑

∑
∑∑∑

∑∑

∑∑∑

∑∑∑

=

=

===

==
∆

=
∆

=
∆

==
∆

=
∆

qN

n

n
n

1
n

Nz

0n
nNz

0n
n

yN

0n
n

Nx

0n
n

Nz

0n
ni

Nz

1n
θn-θiniO

surface
intside

surface
outside

nΔ-θ

Nq

1-n
n

Ny

1n
θn-θinoO

Nz

1n
θn-θiniO

surface
intside

nΔΔ-θ

Nq

1

Nx

1n
θn-θinoO

Ny

1n
θn-θiniO

surface
outside

1

Z
UZYX       

ZTTZTZ         and            qq

MEQUILIBRIU  AT                        

tscoefficien  CTF    ZY, X,
loads)heat  and res temperatuprevious ofnumber -n 

   time,- θ
 surface, -  j 

outsideor  inside  -fer heat trans of (type
:subscripts

7)(8   qΦTYTYTZTZq

6)(8  qTXTXTYTYq

φ

θ

Z TRANSFORM METHOD



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

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, 
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.625     .29      .8           1.             .5        .5in       Hardboard,
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 CTF   SUM
X0 4.277368
X1 -5.306364
X2 1.06914
X3 -0.009767 0.030377
Y0 0.001585
Y1 0.018775
Y2 0.009743
Y3 0.000273 0.030376
Z0 0.62381
Z1 -0.933922
Z2 0.346143
Z3 -0.005657 0.030374
PHI1 0.62817
PHI2 0.01058 0.63875

U 0.0840858

hour T out  Tin S(Z* Tin) S(Y *Tout) S(PHI*Q) Q inside S(Y *Tin) S(X*Tout) S(PHI*Q) Q outside

86.20 70
83.40 70 0.0000 0 0
81.30 70 0.0000 0 0

1 79.55 70 -2.12618 2.4885931 0 0.3624 -2.12632 -2.81841 0 -4.9447
2 77.80 70 -2.12618 2.4317384 0.227657 0.5332 -2.12632 -3.23551 -3.1061299 -8.4680
3 76.40 70 -2.12618 2.3790396 0.3387842 0.5916 -2.12632 -1.78817 -5.3716346 -9.2861
4 75.35 70 -2.12618 2.3335623 0.3772943 0.5847 -2.12632 -0.7044 -5.9228585 -8.7536
5 75.00 70 -2.12618 2.2991759 0.3735359 0.5465 -2.12632 1.890496 -5.5969849 -5.8328
6 75.70 70 -2.12618 2.2831018 0.3495007 0.5064 -2.12632 5.632958 -3.7566085 -0.2500
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Conduction Transfer Function (Btu/[hr.ft^2.F])
_______________________________________________________

CTFs for Wall 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
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Problem 8-4 and 8-12

hour T out  Tin SUM            
(Z* Tin)

SUM       
(Y*Tout)

SUM   
(PHI*Q)

   Q     
inside

Load    
Explorer

SUM        
(Y*Tin)

SUM     
(X*Tout)

SUM      
(PHI*Q)

   Q     
outside

1 79.55 70 -2.12618 2.489 0.956 1.32 1.32 -2.126 -2.818 -12.988 -17.93
2 77.80 70 -2.12618 2.432 0.812 1.12 1.12 -2.126 -3.236 -11.042 -16.40
3 76.40 70 -2.12618 2.379 0.688 0.94 0.95 -2.126 -1.788 -10.114 -14.03
4 75.35 70 -2.12618 2.334 0.579 0.79 0.80 -2.126 -0.704 -8.639 -11.47
5 75.00 70 -2.12618 2.299 0.484 0.66 0.67 -2.126 1.890 -7.056 -7.29
6 75.70 70 -2.12618 2.283 0.404 0.56 0.56 -2.126 5.633 -4.459 -0.95
7 77.45 70 -2.12618 2.295 0.346 0.51 0.50 -2.126 9.040 -0.521 6.39
8 80.60 70 -2.12618 2.340 0.317 0.53 0.49 -2.126 13.979 4.026 15.88
9 85.15 70 -2.12618 2.423 0.328 0.63 0.54 -2.126 18.590 9.907 26.37

10 90.40 70 -2.12618 2.548 0.387 0.81 0.68 -2.126 20.253 16.397 34.52
11 96.35 70 -2.12618 2.702 0.502 1.08 0.89 -2.126 22.679 21.408 41.96
12 101.95 70 -2.12618 2.875 0.668 1.42 1.17 -2.126 20.628 25.993 44.50
13 106.15 70 -2.12618 3.046 0.878 1.80 1.50 -2.126 15.188 27.507 40.57
14 108.95 70 -2.12618 3.185 1.114 2.17 1.84 -2.126 10.806 25.013 33.69
15 110.00 70 -2.12618 3.282 1.346 2.50 2.16 -2.126 4.876 20.736 23.48
16 108.96 70 -2.12618 3.328 1.549 2.75 2.42 -2.126 -2.192 14.396 10.08
17 106.50 70 -2.12618 3.316 1.702 2.89 2.59 -2.126 -6.100 6.082 -2.14
18 102.65 70 -2.12618 3.254 1.787 2.91 2.66 -2.126 -10.637 -1.454 -14.22
19 98.10 70 -2.12618 3.150 1.800 2.82 2.63 -2.126 -12.289 -8.908 -23.32
20 93.55 70 -2.12618 3.019 1.743 2.64 2.50 -2.126 -11.699 -14.501 -28.33
21 89.70 70 -2.12618 2.882 1.626 2.38 2.30 -2.126 -8.850 -17.547 -28.52
22 86.20 70 -2.12618 2.759 1.469 2.10 2.05 -2.126 -8.212 -17.618 -27.96
23 83.40 70 -2.12618 2.650 1.295 1.82 1.80 -2.126 -5.688 -17.260 -25.07
24 81.30 70 -2.12618 2.559 1.120 1.55 1.55 -2.126 -3.517 -15.455 -21.10

38.7054 38.70



Example Problem 8-4 and 8-12

 CTF   SUM
X0 4.277368
X1 -5.306364
X2 1.06914
X3 -0.009767 0.030377
Y0 0.001585
Y1 0.018775
Y2 0.009743
Y3 0.000273 0.030376
Z0 0.62381
Z1 -0.933922

Z2 0.346143
Z3 -0.005657 0.030374
PHI1 0.62817
PHI2 -0.01058 0.61759

U 0.0794331

hour T out  Tin S(Z* Tin) S(Y *Tout) S(PHI*Q) Q inside S(Y *Tin) S(X*Tout) S(PHI*Q) Q outside

86.20 70
83.40 70 0.0000 0 0
81.30 70 0.0000 0 0

1 79.55 70 -2.12618 2.4885931 0 0.3624 -2.12632 -2.81841 0 -4.9447
2 77.80 70 -2.12618 2.4317384 0.227657 0.5332 -2.12632 -3.23551 -3.1061299 -8.4680
3 76.40 70 -2.12618 2.3790396 0.3311156 0.5840 -2.12632 -1.78817 -5.2670042 -9.1815
4 75.35 70 -2.12618 2.3335623 0.3611942 0.5686 -2.12632 -0.7044 -5.6779507 -8.5087
5 75.00 70 -2.12618 2.2991759 0.3509843 0.5240 -2.12632 1.890496 -5.2477537 -5.4836
6 75.70 70 -2.12618 2.2831018 0.323133 0.4801 -2.12632 5.632958 -3.3545972 0.1520
7 77.45 70 -2.12618 2.2953213 0.2960123 0.4652 -2.12632 9.039953 0.15352356 7.0672
8 80.60 70 -2.12618 2.3398949 0.2871166 0.5008 -2.12632 13.97934 4.43776737 16.2908



 CTF   SUM 4 in brick
X0 4.277366 .5 in plywood
X1 -5.350657 3.5 in mineral fiber insulation
X2 1.104895 .5 in gypsum
X3 -0.01342
X4 -0.00001 0.018174 70 F inside
Y0 0.000421
Y1 0.009171
Y2 0.007994
Y3 0.000583
Y4 0.000006 0.018175
Z0 0.608875
Z1 -0.947377
Z2 0.363597
Z3 -0.006917 0.018174
Z4 -0.000004
PHI1 0.63844
PHI2 -0.01321 0.62523

      U =   SUM(X)/(1- SUM( phi))   = 0.0111824
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hour T out  Tin SUM 
(Z*Tout)

SUM       
(Y*Tout)

SUM   
(PHI*Q)

   Q     
inside

SUM        
(Y*Tin)

SUM     
(X*Tou
t)

SUM      
(PHI*Q)

   Q     
outside

Load Explorer  
BTU/100 ft 2  ,TSS  
Room Load

1 79.55 70 -1.27218 1.4965853 0.6140165 0.8384 -1.27225 -3.75341 -13.67423 -18.6999 86.4
2 77.80 70 -1.27218 1.4613585 0.522263 0.7114 -1.27225 -4.15782 -11.648711 -17.0788 73.5
3 76.40 70 -1.27218 1.4294892 0.4431372 0.6004 -1.27225 -2.68783 -10.656749 -14.6168 62.3
4 75.35 70 -1.27218 1.4011854 0.3739508 0.5030 -1.27225 -1.59821 -9.1063607 -11.9768 52.3
5 75.00 70 -1.27218 1.3791862 0.3131755 0.4202 -1.27225 0.999552 -7.4533929 -7.7261 43.8
6 75.70 70 -1.27218 1.3670506 0.2616167 0.3565 -1.27225 4.725103 -4.7744319 -1.3216 37
7 77.45 70 -1.27218 1.3707886 0.2220452 0.3207 -1.27225 8.092426 -0.7416869 6.0785 32.5
8 80.60 70 -1.27218 1.3935495 0.200009 0.3214 -1.27225 12.98061 3.8982085 15.6066 31.2
9 85.15 70 -1.27218 1.4387492 0.200945 0.3675 -1.27225 17.51223 9.88356264 26.1235 33.8

10 90.40 70 -1.27218 1.508893 0.2303903 0.4671 -1.27225 19.07984 16.4721546 34.2797 41.4
11 96.35 70 -1.27218 1.5977654 0.2933626 0.6189 -1.27225 21.4242 21.5404705 41.6924 54
12 101.95 70 -1.27218 1.6993305 0.3889907 0.8161 -1.27225 19.28065 26.1652761 44.1737 71.1
13 106.15 70 -1.27218 1.8031086 0.5128808 1.0438 -1.27225 13.78553 27.6514853 40.1648 91.6
14 108.95 70 -1.27218 1.8910724 0.6556285 1.2745 -1.27225 9.396909 25.0592607 33.1839 113.2
15 110.00 70 -1.27218 1.9540685 0.7999164 1.4818 -1.27225 3.471652 20.6553654 22.8548 133.6
16 108.96 70 -1.27218 1.9881256 0.9292071 1.6452 -1.27225 -3.55771 14.1530378 9.3231 150.7
17 106.50 70 -1.27218 1.9876034 1.0307566 1.7462 -1.27225 -7.39283 5.6503125 -3.0148 162.6
18 102.65 70 -1.27218 1.9557371 1.0930987 1.7767 -1.27225 -11.8613 -2.0479048 -15.1814 168.2
19 98.10 70 -1.27218 1.8982479 1.1112211 1.7373 -1.27225 -13.4274 -9.6526108 -24.3522 167.1
20 93.55 70 -1.27218 1.822387 1.0856852 1.6359 -1.27225 -12.7647 -15.346886 -29.3838 159.9
21 89.70 70 -1.27218 1.7404061 1.0214694 1.4897 -1.27225 -9.86266 -18.43813 -29.5730 147.9
22 86.20 70 -1.27218 1.6645758 0.9294711 1.3219 -1.27225 -9.19958 -18.492452 -28.9643 133
23 83.40 70 -1.27218 1.5978417 0.8242538 1.1499 -1.27225 -6.64165 -18.101299 -26.0152 116.9
24 81.30 70 -1.27218 1.5410279 0.7166902 0.9855 -1.27225 -4.4577 -16.226525 -21.9565 101

23.6300 23.6197 2265.0000



 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 -0.00001 0.018174 ho 3.0000
Y0 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
Z0 0.608875
Z1 -0.947377
Z2 0.363597
Z3 -0.006917 0.018174
Z4 -0.000004
PHI1 0.63844
PHI2 -0.01321 0.62523

      U =  SUM X/1- SUM phi 0.011182

hour To Qrad  Tin Ts Tsky Tground Q outside 
ASSUMED

T 
assumed

S(Z* Tin) S(Y *Tout) S(PHI*Q) Q inside S(Y *Tin) S(X*Tout) S(PHI*Q) Q outside  
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 80.21 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 77.62 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 78.91 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 197.3278 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 82.58 -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 80.21 0 70 69.41 72.418668 80.2080 -4.9813 79.69 -1.27218 1.4888897 0.509787915 0.7265 -1.27225 -3.979157 -8.30798 -13.5594
2 79.13 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 77.62 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
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Wall Energy Balance + Unsteady Conduction



After 4 iterations
22 84.31 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 77.62 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 -9.9336
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 78.91 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 57.6289 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 84.31 0 70 73.51 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 71.78 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
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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
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
7 -7.37688E-06 2.52536E-08 -1.04261E-06 9.69663E-09
8 3.55339E-09 2.04873E-11 5.3928E-10 -1.60853E-12
9 -4.03135E-13 2.49616E-15 -8.02642E-14 6.87596E-17

www.hvac.okstate.edu

PRF RTF Generator  Program 
(Periodic Response Factor –
Response Transfer Functions)
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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
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RADIANT TIMED SERIES (RTS)
Wall 1      Figure 8-17a,Table 8-18

Sol-Air  
Temperature
Te

80.73
79.68

Tdesign 99 78.84
Range 21 78.21
Alpha 0.9 78
ho 3 78.42
Tinside 72 80.7
edR/ho 0 87.15

92.88
98.34

106.821
108.87
120.33
138.12
151.17
152.13
157.26
148.62
131.01

101.4
86.82
84.72
83.04

Hou  r     
Hr

Periodic   
Response    
Facror    
Ypn

Incident 
Solar 
Load      
Gt

Outside 
Tempeerature
To

81.78 Inside  
Heat   
Load   
Qin

Equilibrium   
Conduction  
Heat Load   
Qequlib

1 0.000156 0 80.73 80.73 1.070 0.484
2 0.0056 0 79.68 79.68 0.813 0.425
3 0.014795 0 78.84 78.84 0.653 0.379
4 0.014441 0 78.21 78.21 0.545 0.344
5 0.009628 0 78 78 0.468 0.332
6 0.005414 0 78.42 78.42 0.413 0.356
7 0.002786 4.1 79.47 80.7 0.379 0.414
8 0.001363 19.3 81.36 87.15 0.377 0.518
9 0.000647 29.3 84.09 92.88 0.443 0.670

10 0.000301 37 87.24 98.34 0.602 0.844
11 0.000139 42.8 93.981 106.821 0.834 1.217
12 0.000063 49 94.17 108.87 1.119 1.228
13 0.000029 78.8 96.69 120.33 1.433 1.367
14 0.000013 132.5 98.37 138.12 1.758 1.461
15 0.000006 173.9 99 151.17 2.196 1.495
16 0.000003 198.1 92.7 152.13 2.791 1.146
17 0.000001 201.2 96.9 157.26 3.406 1.379
18 0.000001 180.1 94.59 148.62 3.893 1.251
19 0 130.5 91.86 131.01 4.197 1.100
20 0 40.9 89.13 101.4 4.190 0.949
21 0 0 86.82 86.82 3.762 0.821
22 0 0 84.72 84.72 2.968 0.705
23 0 0 83.04 83.04 2.128 0.611
24 0 0 81.78 81.78 1.487 0.542

U=SUM Y 0.055386 1317.5 41.92644 20.038

0.000
0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500
5.000

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

Inside Heat Load

Equilibrium
Conduction

 wallfacing  West  G
1)(8     from  T

all)(verticalw 0
h

αGTT

)T(TTq

t

o

o

t
oe

insidenδθj,e,

23

0n
Pn

"
θj,in,

−

++=

−= −
=

∑



( ) ( )

( ) ( )

hrft/Btu 2.2002
55.455.4

1TΔ
R

1TUq

hr Btu/ft 363.1q

57559510.1713.497TT σ εq

.0497

.05
.0511

.9
.91

1

ε
ε1

F
1

ε
ε1

1ε

.05ε    .9,εfor   

hrft/Btu87.1020
92.92.

1TΔ
R

1TUq

hr Btu/ft 22.5q

57559510.1713.82TT σ εq

.82
1

.9
.912

1

ε
ε1

F
1

ε
ε1

1ε

.9ε    .9,εfor   

2
conv

2
rad

4484
i

4
Orad

i

i

ioo

o

io

2
conv

2
rad

4484
i

4
Orad

i

i

ioo

o

io

=×
+

==∆=

=

−××=−=

=
−

++
−

=
−

++
−

=

==

=×
+

==∆=

=

−××=−=

=
+

−
=

−
++

−
=

==

∑

∑

−

−

6.1

OO ,T ε

ii ,T ε

q

      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.  
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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



SELECT:
Spaces or       Print Input data           
Systems          or View Input Data

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





OA Requirement 1        18 cfm/person
OA Requirement 1      .1x max occupation x 20 cfm = cfm





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. 



Select roof, and skylights  from the library 
in the drop down boxes. 



.25 ACH







Equipment Type
package roof top units
ackage vertical units
split air handling units
chilled water air handling units

Air System Type
CAV 3 deck multizone
CAV 2 deck multizone
CAV Dual Duct
CAV Tempered Ventilation



Air Flow Control
Proportional
Constant
Scheduled

Ventilation Sizing Method
Sum of  space OA airflows
ASHRAE Std 62-2001
ASHRAE Std 62 2001 (ma



All spaces must be assigned to a numbered zone after each
system change.











No inside and outside convection coefficients are input.
These are added by the program.











Simple – input a electricity cost



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  or 48 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






























