Appendix A
Design Analysis Worksheet

Project Name: Location:
Step 1a. Design temperature ..............oiiiiiiiit f Y °F
Step 1b. Windspeed ... ... [0 mph ]
Step 2. Differential temperature .............coviirreiii i, Z 5 oF a;fal.lo.fag Qs>
Step 3. Surface teMPerature . ..........ouriii e ; y °F
Step 4. BTUZB/FE 1080 . oo |07 BTUM/ME
Step 5a. Supply fluid temperature. .. ........ .. 159 °F
Step 5b. Tubing on-center (o.c.)distance.................oviiiiiiiiiiii .. | L inches
Step 6. Areainsquarefeet. . ... ...t e ? 200
Step 7. Total BTU/N. . ..o 3492 Y09 BTU/M
Step 8a. Tubing type . .o oo PE A
Step 8h. TUBING SIZE. . . oot 3/ inch
Step 9. Total amount of tubing . ........... ... S600 feet
Step 10a. Activelooplength . ........ . ... 00 feet
Step 10b. Numberof loops . ...... ..o 2 loops
Step 11a. Leaderlength. .. .. ..ot T feet
Step 11b. Total loop length. ... ..o 300 feet
Step 12. Percentage of glycol ........ ... o y 0 %
Step 13a. Flow per foot of tubing . ............oo 0o 77 gpm/ft
Step 13b. FlOoW Perloop. . ... 2 q 7 gpm/loop
Step 14. Systemflow .. ... 3 _)r\_ 6_ ;7‘ gpm
Step 15a. Head pressure drop perfoot. ..., s O érd{cffeet of head
Step 15b. Head pressure drop/loop. . ... ..ot 204; 0> feet of head*

Refer to Chapter 6 for instructions on how to complete this worksheet.

*The head pressure drop information is used only for the manifold. For proper pump sizing, add the amount of head pressure
drop before and after the manifold location to this value.
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Outdoor| Wind Surface Temperatures
Temp. Speed 35°F 36°F 37°F 38°F
g mpli 19 21 24 26
57 | 60 | 63 | 59 | 62 | 66 | 61 | 65 | 70 | 63 | 67 | 73
0 28 3 34 37
ZF [ 3mph 61 | 66 | 71 | 63 | 68 | 75 | 66 | 72 | 79 | 68 | 74 | 82
38 42 46 50
10 mph 66 | 72 | 80 | 69 | 76 [ 84 | 72 [ 79 [ 88 | 74 | 83 | 904
f:mph 30 33 35 38
62 | 67 | 73 | 64 | 69 [ 76 | 66 [ 71 [ 79 | 68 | 75 | 81
0 42 45 48 52
20F | Smph T, T a5 [ 60 | 77 [ 85 | 72 [ 80 | 89 | 75 | 85 | %
10 moh 56 61 64 69
P 74 | 83 | 94 | 77 | 87 | 99 | 79 | 90 | 103 | 83 | 94 | 107
0 mph 41 45 48 51
68 | 75 | 81 | 70 | 78 | 86 | 73 | 81 | 89 | 75 | 83 | 93
0 56 59 62 65
18°F | Smeh e Tea [ 77 [ e7 [ o7 | 79 [ o0 [ 400 | 82 | 95 | 104
76 79 84 87
10 mph I, | 97 [ 110 | 87 [ 100 [ 113 | 90 [ 104 [ 119 | 92 [ 107 | 123
o mph 55 58 61 64
74 | 83 | 93 | 76 | 86 | 96 | 79 | 89 [ 100 | 81 | 92 | 103
5 70 73 76 79
10F Smph o | 93 [ 106 | 84 | 96 | 108 | 86 | 99 [ 112 | 88 | 102 | 116
—— 95 98 103 (1?73,_\
P 93 | 109 [ 126 | 96 [ 112 [ 129 | 99 | 116 | 135 | 102 | 120 [(139)
p—
6 mph 69 72 75 77
81 | 92 | 105 | 83 | 95 | 108 | 85 | 98 | 111 | 88 | 101 | 115
0 84 88 90 93
SF Smph 55 | 102 [ 117 | 91 [ 105 | 121 | 93 | 108 [ 124 | 95 [ 111 | 127
10 moh 114 118 121 126
PR 17902 T 122 [ 142 | 105 | 125 | 146 | 108 | 128 | 150 | 111 | 132 | 454
0 mph 83 86 89 92
87 | 101 [ 116 | 90 | 104 [ 120 | 92 [ 107 | 122 | 95 | 110 | 126
0 98 102 104 108
wF il | 111 ] 129 | 97 [ 114 [ 133 | 100 [ 117 | 135 | 102 | 120 | 139
10 moh 133 137 141 145
PO ™12 T 134 467 | 114 | 137 [ 462 | 117 | 141 [ 166 | 120 | 144 | 170
98 101 104 107
0mph |— | 111 | 128 | 97 | 114 | 132 | 99 | 117 | 135 | 102 | 120 | 139
0 113 116 119 122
FF | BOpEh [Sop | 121 [ 141 | 104 | 123 | 145 | 107 | 127 | 147 | 109 | 129 | 151
10 moh 152 156 160 165
PR I™920 T 146 [A72| 124 | 150 | 477 | 126 [ 153 | 182 | 129 | 156 | 186
113 116 119 123
0mph =0 | 121 | 141 | 104 | 124 | 145 | 107 | 127 | 147 | 110 | 130 [ 151
" 127 130 133 136
AAOF | Smph 1 oe T 950 [ 52 | 111 | 133 [AB80| 114 | 136 |89 116 | 139 [762
10 moh 172 175 180 183
PR I™930 159 [ 790 | 133 [ 162 | 494 | 136 | 166 | 198 | 139 | 469 | 202

Shaded areas = Exceeds design limits —p
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Flow Per Foot of Active Loop Length

Load Glycol Percentage
In 30% Glycol 40% Glycol 50% Glycol
BTU//ft> | 6" o.c. 9"o.c. 12" o.c. | 6" o.c. 9"0.c. 12" o.c. | 6" o.c. 9"0.c. 12" o.c.
100 0.0042 0.0062 0.0083 0.0043 0.0064 0.0086 0.0046 0.0069 0.0092
102 0.0042 0.0064 0.0085 0.0044 0.0066 0.0087 0.0047 0.0070 0.0094
104 0.0043 0.0065 0.0087 0.0045 0.0067 0.0089 0.0048 0.0072 0.0096
106 0.0044 0.0066 0.0088 0.0045 0.0068 0.0091 0.0049 0.0073 0 7
108 0.0045 0.0067 0.0090 0.0046 0.0069 0.0092 0.0050 0.0074 0.0099
110 0.0046 0.0069 0.0092 0.0047 0.0071 0.0094 0.0051 0.0076 0.0701
112 0.0047 0.0070 0.0093 0.0048 0.0072 0.0096 0.0051 0.0077 0.0103
114 0.0047 0.0071 0.0095 0.0049 0.0073 0.0098 0.0052 0.0079 0.0105
116 0.0048 0.0072 0.0097 0.0050 0.0075 0.0099 0.0053 0.0080 0.0107
118 0.0049 0.0074 0.0098 0.0051 0.0076 0.0101 0.0054 0.0081 0.0108
120 0.0050 0.0075 0.0100 0.0051 0.0077 0.0103 0.0055 0.0083 0.0110
122 0.0051 0.0076 0.0102 0.0052 0.0078 0.0104 0.0056 0.0084 0.0112
124 0.0052 0.0077 0.0103 0.0053 0.0080 0.0106 0.0057 0.0085 0.0114
126 0.0052 0.0079 0.0105 0.0054 0.0081 0.0108 0.0058 0.0087 0.0116
128 0.0053 0.0080 0.0107 0.0055 0.0082 0.0110 0.0059 0.0088 0.0118
130 0.0054 0.0081 0.0108 0.0056 0.0083 0.0111 0.0060 0.0090 0.0119
132 0.0055 0.0082 0.0110 0.0057 0.0085 0.0113 0.0061 0.0091 0.0121
134 0.0056 0.0084 0.0112 0.0057 0.0086 0.0115 0.0062 0.0092 0.0123
136 0.0057 0.0085 0.0113 0.0058 0.0087 0.0116 0.0062 0.0094 0.0125
138 0.0058 0.0087 0.0116 0.0060 0.0089 0.0119 0.0064 0.0096 0.0128
140 0.0058 0.0087 0.0117 0.0060 0.0090 0.0120 0.0064 0.0096 0.0129
142 0.0059 0.0089 0.0118 0.0061 0.0091 0.0122 0.0065 0.0098 0.0130
144 0.0060 0.0090 0.0120 0.0062 0.0092 0.0123 0.0066 0.0099 0.0132
146 0.0061 0.0091 0.0122 0.0063 0.0094 0.0125 0.0067 0.0101 0.0134
148 0.0062 0.0092 0.0123 0.0063 0.0095 0.0127 0.0068 0.0102 0.0136
150 0.0062 0.0094 0.0125 0.0064 0.0096 0.0128 0.0069 0.0103 0.0138
152 0.0063 0.0095 0.0127 0.0065 0.0098 0.0130 0.0070 0.0105 0.0140
154 0.0064 0.0096 0.0128 0.0066 0.0099 0.0132 0.0071 0.0106 0.0141
156 0.0065 0.0097 0.0130 0.0067 0.0100 0.0134 0.0072 0.0107 0.0143
158 0.0066 0.0099 0.0132 0.0068 0.0101 0.0135 0.0073 0.0109 0.0145
160 0.0067 0.0100 0.0133 0.0069 0.0103 0.0137 0.0073 0.0110 0.0147
162 0.0067 0.0101 0.0135 0.0069 0.0104 0.0139 0.0074 0.0112 0.0149
164 0.0068 0.0102 0.0137 0.0070 0.0105 0.0140 0.0075 0.0113 0.0151
166 0.0069 0.0104 0.0138 0.0071 0.0107 0.0142 0.0076 0.0114 0.0152
168 0.0070 0.0105 0.0140 0.0072 0.0108 0.0144 0.0077 0.0116 0.0154
170 0.0071 0.0106 0.0142 0.0073 0.0109 0.0146 0.0078 0.0117 0.0156
172 0.0072 0.0107 0.0143 0.0074 0.0110 0.0147 0.0079 0.0118 0.0158
174 0.0072 0.0109 0.0145 0.0075 0.0112 0.0149 0.0080 0.0120 0.0160
176 0.0073 0.0110 0.0147 0.0075 0.0113 0.0151 0.0081 0.0121 0.0162
178 0.0074 0.0111 0.0148 0.0076 0.0114 0.0152 0.0082 0.0123 0.0163
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Friction Loss Tables
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Uponor PEX-a Hydroni

Appendix D:

Uponor PEX-a Hydronic Friction Loss Tables
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1/27/26, 11:38 AM Pressure Drop / Head Loss Calculator

Building & Construction Home

PRESSURE DROP / HEAD LOSS

Input

Is this a Geothermal Application? O

Pipe/Tubing Selection'

Pipe/Tubing Material: PEX 8
Sizing Type (CTS/IPS/Metric): CTS (ASTM F876/CSA B137.5) 3
Wall Type (SDR/Schedule): SDR 9 N
Nominal Pipe/Tubing Size?: 3/4" N

! For more information about plastic piping products included in this calculator, please visit the BCD website.

2 "Tubing" refers to products with an actual Outside Diameter (OD) 1/8 inch larger than the nominal size, such as
with copper tubing. These products are sometimes referred to as “nominal lubing size" (NTS) or “copper tube size”
(CTS). "Pipe" refers to products witl an actual OD malching that of iron or steel pipe of the same nominal size
Those products are sometimes referred to as “iron pipe size" (IPS) or ‘nominal pipe size" (NPS). “Pipe" may also
refer to products where the actual OD matches the nominal size (e.g. DN-Metric). Pipe and tubing dimensions used
for these calculations are based on dimensional tables found within the listed product standards from ASTM and/or
CSA. The Calculator assumes that all pipes have the nominal (i.e., average) outside diameter and an average wall
thickness. resulting in an average insider diameter.

Flow Rate: 3 USGPM

Length of Pipe: 300 ft

Fluid Type (Water or % Antifreeze3): 50% Propylene Glycol 3
Average Fluid Temperature®: 120 °F

3For methanol, viscosity and densily information is from “Geothermal Heating and Cooling — Design of Ground Source
Heat Pump Systems” by Dr. Steve Kavanaugh and Kevin Rafferty (ASHRAE RP-1674) and “Perry’s Chemical Engineers’
Handbook (7th ed.)” by Perry, R. H., & Green, D. W. Available data is limited to a temperature range of 32°F to 86°F (0°C
to 30°C).

For brine mixtures, viscosity and density information is from “ASHRAE Fundamentals 2021 — Chapter 31",

“This calculation uses the Darcy Weisbach equation which includes temperature as a variable. As a result some published
tables using the Hazen-Williams equation with a slandard temperalure may show different results.

Fittings (Optional)

Quantty Equivatent

Couplings: 0 x 0 ft= 0.0ft

90° Elbows: 0 x 0 ft=  0.0ft

Tees (Run): 0 x 0 ft= 0.0ft

Tees (Branch): 0 x 0 ft= 0.0t

Other Fittings, U-bends, Valves: 0 ft= 0.0t
Results

Flow Regime: Turbulent

Pressure Drop: 9.71 Psi 66.9 kPa

Head Loss: 22.4 ft water

Velocity*: 2.72 ftls 0.83 m/s

https://www.plasticpipecalculator.com/PressureDropHeadLoss.aspx 1/2
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Total Head (ft)

Performance Curves
2400 Series High Capacity Circulators
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