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35 E COP
TENTEE 3.6 kJ/kWh 1
B R 3.6 kJ/kWh 2~ 2.75
2ELB 38000 kJ/L 0.65 ~ 0.75
TRE 35000 kJ/m? 0.7~ 0.85
i 3 #r(LP) 26000 kJ/L 0.7~ 0.85
§iiF 1 Albright, 1990 (Chap?)
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H iy
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BiE kcal/Deg kcal/Deg kcal/Deg keal/L kcal/L
Mega kcal 290.7 Deg 1162.8 Deg | 83.3 Deg 97.1L 103.1L
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1\ ] 4 1.8 3.5 2.1
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AA& |KHT |KHT |KHT |KHT KHT KHT KHT
WA | 15AA [25AA [50WW |75WW | T00WW | 150WW | TOOAW

Jxds g 21 35 48 67 86 125 103
EE R 8 13 19 26 33 48 41

> ﬁ;: 2.63 2.69 2.53 2.58 2.60 2.60 2.51
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| KHT KHT |KHT | KHT KHT KHT KHT

WWA] 300 400 500 600 800 1000 1200
Erds T 124 166 208 278 380 480 580
EE R 47 63 79 105 144 182 220
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% ;4 80 USRT = 3.754 / USRT
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Water flow of 152 L/min
Air flow rate 218 m3/min
Heat exchange rate:
Watts = 3165 * entering temperature

difference
MODEL GLW&60S
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Two stage heat exchanger
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Two stage heat exchanger
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VPD it ks ey 1

Vapor Pressure Deficit
EARL

79

24 Digital Psychrometric Chart
Tables About Est

Set
State | Process| Pad | VPD

Tdb [21.95  degesC

69.95 %

degres C

Tdo [16.05  degreeC

AH 00115 ko/kgDA
—_— . H [51.366  klkgDa
08515 ma/kg DA
244789 kl/kg

2 kPa
1844 kPa

Message
In addition to Patm,
you still need 2 propertes to

define a state.
— ... ] Crosshair Lines & Curves
Elalm | FT
. v RH

Step (pixels) g || [ SV

R CE Misc.

M I | | [T Centralize
-+

Q i,hz % Urit label

Crosshair: Tdb:21.95 ,RH:69.95
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1 USRT < 3024 kcal/hr
= 3.51 kW 12000 Btu/hr
USRT : US Refrigeration Tonnage

1 JRT = 3320 kcal/hr
JRT : Japanese Refrigeration Tonnage

} % 10000 BTU/Ar 3.5 1 USRT
{ 438 4 4 2000 keal/hr # & 1 USRT
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XX ¥ Arfaenie$ g ;\—‘L 5 (1)

AP d
%8 15°C/60 %RH » 4 7.5 kcal/kg
FEARZ
%8 25 °C/60 %RH - *2 13.3 kcal/kg
a3
9000 (. x33x % 3m

PR 89100 m?

i
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XX1 ¥ #tisnte £ 430 8 (2)

96.09.15 @ %

o » B B)/IE TR X T
(13.3-7.5)/0.861 x 445500
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‘a}\—:’i 5 IR 5 .
ks X 1= 89100 CMH
i E
(B -~ B 2)/ 0 h v A X BB
(13.3—7.5)/0861 x 89100

¥ 198 USRT
Do s
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FHEOz AR

a‘a\s %)2 o KLAH-200D | f #4 4 ek kise (¥ ﬁ ARG T
& % R22i4 4
@b %4 =1.12 M keal/hr
@eg g4 =1.232 M keal/hr
& L4 %54 560,000 kcal/hr = 101 m3/hr x (12 - 7 °C) x
1000 kg/m® > /45 6.6 m
$e# Rk % 590 Wx 20 » 0 k& 5200 m3/min

it ? 616, 000 kcal/hr = 111 m¥hr x (45 - 40 °C) x
g/md o B4R T

£ 240 kW = 2
COP/? 560 / 206. 4
COP#+ = 616 / 206.4

o ?}553;3%@:7 ~ 3b«

0 0 = 206,400 kcal/hr

x 86
2.71
2.98

R AT Rk BB
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- ot % a4 5 56 3 keal/hr, F&-;;:Eb 4 % 61 @ kcal/hr
EEFRO6mM > %% 3mF AT FEW

& %1200
2 X 560000 /3024 = 2 x 185 = 370 USRT
1200/370=3.2422 JUSRT ( A Tz 7 )
ag 5 7800 A
2 x 610000 /3024 = 2 x 202 = 404 USRT

7800/404=193: /USRT ( B 5 7 )
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2 £kt |1 =x/hr| 9000 *= 200 45.00| 24
3FEL K 7800 = 404 19.31| 55
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S R ks K e

» Heat transfer through the structure depends
on:

- Heat transfer coefficient, U (U = 1/R)

- Area, A

- Temperature difference: T cige — Toutsige (AT )
« Equation:
Q = U X A X (Tinside = Toutside)
or
Q=UAAT
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Suggested Uwvalue through various greenhouse glazing [P.Y. Nelson]

Covering Materials (Glazing) Heat Loss Coef (L) Btuf2/he'F W2/
e R ey o] e O R R R RN R s 6.42
Glags | double-layer, 1/4-in (6 mMm) SPECE e 0.65 3.69
Glass | triple-layer, 1/4-in (B MmM) SPECES e 0.47 2.67
e e e 0.92 5.22
Fiberglass-reinfarced mlastic (FRPY .o ol B.81
Acrylic, single layer 18-in (3 mml .. 1 568
Acrylic, double-layer pannel (16 mmthick) ... 0.58 3.29
Acrylic, double-layer pannel (3 mim thick) . 0.64 363
Palycarbonate, double-layer pannel (16 mmthick) ..o 0.58 3.29
Falycarbonate, double-layer pannel (5.5 mm thick)...................] 0.69 392
Falyethylene (FE) film, single layer (2,4 5 mil) B.53
Falyethylene (PE) filrm, double layer 454
Palyester film, Mylar ..o : 5.96
Falyvinyl fluoride (PYF), Tedlar, single layerfilem.. 1.05 5,95
Palyviny| fluaride (PYF), double-layer film . 076 4.32
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Suggested U values of selected insulating blanket materials in combination
with a double PE greenhouse glazing [Roberts, et.al ]

Materials Description Source

{U) Btut et Wimdi

Reemay Spunbonded Polyester ........ Dupont

Boubledemt Clothe Wan Wingerden

Black Polyethylene ... Monsanto

Reinforced Polyethylene ... Shade Corp. of Amenca
Black Palyethylene over Reemay ...... Shade Corp. of America
Prefacricated Aluminized Winyl ... Staufier/Revere
Reemay over Black Polyethylens ... Stauffer/Revere
Aluminized Yinyl fworn) ... Stauffer

Palypropylena Shade (97 %) ............. Shade Corp. of America
Oy B e Duracote

0.63 3.58
0.62 3.82
0.45 273
0.46 261
0.44 25

0.42 238
0.39 2.2
0.358 216
0.38 216
0.34 1.93

B0 % F n b e AR T &

Equation:|Q = 0.02 x V X C X (Tipside = Toutside)

where:

V = greenhouse volume (ft3)

C = number of air exchanges per hour

Construction C

New, glass 0.75-1.5
New, double poly 0.5-1.0
Old, glass and good condition 1.0-2.0
Old, glass and poor condition 2.0-4.0
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¢ Equation: Q=FxPx (Tinside - Toutside)
where:
F = perimeter heat loss Factor
P = greenhouse Perimeter (in feet)

F (Btu/hr per linear foot per °F)
Uninsulated 0.8
Insulated 0.4

* If you have a high water table: also
consider heat loss to the soil underneath
the greenhouse b

) 5 iﬁ%@f‘m% 3§ e iR

| « At least 1 foot deep
(preferably 2 feet)

* At least 1 inch thick

(preferably 2 inches)

» Avoid gaps
 Try to work neatly
around post footings
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* If AT > 70°F (difference between inside and
outside temperature), and if average wind
speed > 15 mph:

Multiply the calculated heating requirement by:
(1 + 0.08) for every increase in AT of 5°F
(1 + 0.04) for every 5 mph increase in wind speed

* For example, if AT = 80°F (1.16) and the
average wind velocity is 25 mph (1.08):
multiply the calculated heating requirement
by a factor of: 1 + (0.16 + 0.08) = 1.24
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wBy [#a [ fa [wEn
Bl | (F ) | (ot o meon
L 0 | 100/96
R 0 1.5 130/125
T g 0 2 160/153.83
Tifan g 0 2.5 | 190/182.7
*rvokps 82 ComsporEarfaasl83°C 109

T4 E (2inch)

4‘3?&?

r ok

C

§ B

S

By K
(Btu/hr perfoot) )/
(Watts per meter)

=

82

0.95

160/153.83

=

50

0.95

73/70

=

50

0.4

52/50

* ok E oz FEA 5 183°C

110

55



48 4u fpl4E

‘e g B | BB

(3 v4) | (Btu/hr per foot)

e 42t BlE 1 175

295
1 172

sk 82 °Comubkgansfeisl183°C

'_%5? 4r6i4 BlHF

4R 434 plE

¢ o =2
_

4\:%1"? Ag H-mr | F8ER ?;ff.‘. £ 8
8] o % i 5 B | (#e4) | (Bu/hrper
(in?) foot)
4 besrl
i v e 11.3 38 1 745
& F e hE R
it v e 10.3 32 1.5 980
4 3 4o 4E
P 'e) 11.8 24 2 860
#rrkigs 82 'CompmokFaziRnil183°C




Hot Water — More Efficient and Uniform
Temperature controlled continuous circulation
better than ON/OFF

Three-way valve Four-way valves and
circulators
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FEE T ARRMNRGERAE
fﬁ%ﬁ“i]%bﬁﬁd’?lzﬂs =\

ﬁ@ﬁ BIEATEE 3 12 1/3 ~ Vo gt B
HALARRARE F o AR > 012 511

B3k 1 USRT 4 #:3 I% 228 ~

e EF* 11§~ xCOP, /8

ook ke (G b))
Cop total — COP@Q%@ =4 A5 0.55 ;QT‘/USRT

2k
COPyy, = COP‘@M + COP,@%: 6 #e4 0825 5 /USRT
COP ., = COP@M + COP,@L& =8 484 1.10 § / USRT
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