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ABSTRACT 

Reducing heating and cooling systems loads in buildings is a cost effective way to 

decrease energy consumption in residential houses.  This reduction can be achieved in many 

ways including proper insulation of the building envelope.  In recent years, considerable 

attention was given to the use of radiant reflective insulating barriers.  Over the past years, 

reflective barrier insulation companies nationwide have experienced significant growth resulting 

in an industry average growth rate of 26.8%.  This significant growth is expected to continue as a 

result of increased cooling demands and pressure from the energy sector and the economy. 

Growth is also predicted to be prevalent amongst the southern regions of the United States in 

efforts to reduce high cooling energy costs, which are expected to prevail. This significant 

growth has not been felt by the radiant barrier industry in Louisiana.  This is mainly due to the 

lack of knowledge and amount of research available in quantifying radiant barriers thermal 

effectiveness for hot and humid climatic conditions widely encountered in the State. In order to 

improve the competitiveness of the reflective insulation industry, the primary goal of this 

research is to develop a simple estimating tool that may be used by homeowners, state agencies, 

and contractors to assess the effectiveness and economic benefits of radiant barrier insulation 

systems under the climatic conditions encountered in United States.  

Current research achieved this objective by adopting a multi‐dimensional research 

approach that developed this estimating tool over three main phases and then combined results of 

these phases to provide an overall assessment tool for this technology. In the first phase, the 

energy saving benefits of radiant barrier was quantified experimentally for the climatic 

conditions and construction practices prevalent in United States. A transient heat transfer finite 

element (FE) model was developed to predict the ceiling heat gain or loss through the attic space 
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in residential buildings and to accurately estimate savings in cooling and heating loads produced 

by the radiant barrier application. Validity of the models was established by comparing their 

prediction with experimental data.  In the second phase, economic effectiveness of radiant barrier 

technology was evaluated. In the third phase, development of the estimating tool and 

dissemination of the results was achieved. Results showed that radiant barrier can reduce heat 

flux transferred from roof to the condition space significantly.  
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CHAPTER 1: INTRODUCTION 

Energy consumption in the buildings is one of the major issues in the United States. In 

2009, the residential sector consumed approximately 22% of the annual nation‘s energy 

consumption among the different sectors. 13% of the residential sector energy consumption is 

used for water heating and 43% is used to satisfy heating and cooling housing requirements 

[DOE 2009]. More than 60% of the residential sector energy needs originate from thermal power 

plants using nonrenewable sources of energy such as coal and natural gas [DOE 2009]. 

Therefore, a nationwide attempt to improve the thermal efficiency of buildings could help to 

decrease heating and cooling energy use. 

Reducing heating and cooling loads in buildings is a cost effective method to decrease 

energy consumption in residential construction. This reduction can be achieved in many ways 

including proper insulation of the building envelope. Heat is transferred through the building 

envelope in three different ways, conduction, convection, and radiation. However, 65 to 80% of 

all heat loss or gain in buildings occurs through a radiation mechanism (TVM 2001). Since a 

roof is the primary component exposed to solar radiation during all hours of daylight, heat flow 

through roof is often more critical than through walls, especially in hot climates where cooling 

loads dominate. Thus, the amount of heat flux through a roof to the inside of building should be 

minimized (TVM 2001). There are four ways to reduce this heat flux: (1) by adding more 

insulation in the roof to decrease conduction, (2) using certain cooling systems such as water 

spray, (3) ventilation of the attic, and (4) using radiant barriers (Yarbrough 1991).  

Radiant barrier is a thin layer of aluminum with low emissivity between 0.03-0.05, facing 

airspace that attached on one or both sides of the plywood, Kraft paper and etc. (RIMA 2002). 

While most traditional insulation materials resist heat flow through convection and conduction 
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by restricting air movement, reflective insulation materials target the main source of heat 

transfer, which is radiation. The use of a single reflective surface may reduce heat flow by as 

much as 95% of the infrared rays and addition of bubble packing between two reflective layers 

allows to resist both radiation and convection heat transfer mechanisms (Yarbrough 1991).  

Radiant barriers can be installed on the roof beams (Truss Radiant Barrier) or horizontally on the 

ceiling (Horizontal Radiant Barrier).The horizontal radiant barrier decreases the rate of heat 

transfer by nearly 5% in comparison to the truss radiant barrier, but dust accumulation will 

decrease the efficiency of a horizontal radiant barrier (RIMA 2002).  

Despite all the promising benefits mentioned above, nearly half of the homes in the US 

have insufficient insulation due to poor construction practices and in an attempt to save in the 

initial investment. Hence, the primary objective of this research is to develop a simple estimating 

tool that may be used by homeowners, state agencies, and contractors to assess the effectiveness 

and economic benefits of radiant barrier insulation systems under the different climatic 

conditions in the United States. The results of the research will be summarized in a fact sheet and 

represented in a simple tool to increase the competitiveness of the radiant barrier insulation 

industry in the United States. 

1.1 Problem Statement  

The question to insulate buildings or not is no longer debatable whereas the question is 

refocused on how. The effects of many variables on the thermal efficiency of the building 

envelope including material properties, climate, and the adopted insulation strategy are not well 

understood for the different climatic conditions in US. Quantitative comparison of different 

insulation materials and methods to find the optimal solution is timely and is critically needed to 

ensure that buildings only use the energy that is needed for their operation. 
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In hot and humid climates, the greatest thermal gain occurs through the roof. Hence, the 

use of thermal radiation barrier may minimize the heat flux through the roof.  In recent years, 

considerable attention was given to the use of radiant reflective insulating barrier. As a result, 

reflective barrier insulation companies nationwide have experienced significant growth resulting 

in an industry average growth rate of 26.8%. This significant growth has not been felt by all the 

radiant barrier industry in the US. This is mainly due to the lack of knowledge and amount of 

research available in quantifying radiant barriers thermal effectiveness for hot and humid 

climatic conditions. In order to improve the competitiveness of the reflective insulation industry 

in US, the primary goal of this research is to develop a simple estimating tool that may be used 

by homeowners, state agencies, and contractors to assess the effectiveness and economic benefits 

of radiant barrier insulation systems under the different climatic conditions in US.  

1.2 Objectives 

To address the aforementioned problem and in order to improve the economic 

competitiveness of the reflective insulation industry in US, the primary goal of this research is to 

develop a simple estimating tool that may be used by homeowners, state agencies, and 

contractors to assess the effectiveness and economic benefits of radiant barrier insulation systems 

under the different climatic conditions in US. The results of the research will be summarized in a 

fact sheet and represented in a simple tool to increase the competitiveness of the radiant barrier 

insulation industry in US. 

1.3 Research Approach  

The proposed research will achieve this objective by adopting a multi-dimensional 

research approach that will develop this estimating tool over three main phases and will then 

combine results of these phases to provide an overall assessment tool for this technology. 
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 Phase I: Effectiveness of Radiant Barrier System 

 

 Task 1 – Development of Finite Element (FE) Models to Simulate 

Radiant Barrier Heat Flow 

 Task 2 – Model Verification and Validation 

 Task 3 – Parametric Study in Order to Optimize the Design 

Variables and Predict Thermal Performance 

                                Task 3-1-Sensitivity Analysis 

                               Task 3-2-Simulation Design 

 Task 4 – Quantification of Energy Savings 

 Phase 2: Economic Evaluation of Radiant Barrier System 

 Phase 3: Development of a Simple Estimating Tool 

The objective of the first phase is to quantify the energy saving benefits of radiant barrier 

technology. To achieve this objective, a numerical FE approach was developed and validated 

based on experimental measurements. The developed model was then used to determine the 

energy savings and cooling load reduction provided by radiant barriers for a wide range of 

operating conditions expected in US. Experimental testing of radiant barrier is time consuming 

and expensive and may not allow to consider all operating conditions expected in the field. 

Therefore, evaluation of the effectiveness of radiant barriers was conducted using a 

three‐dimensional FE approach. The developed model simulated coupled conduction, natural 

convection, and thermal radiation modes of heat transfer. The developed models fitted any set of 

weather and operational conditions, time, and location through linkage to weather measurement 

data obtained from typical meteorological files (TMY2). The models were multidimensional and 
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time‐dependent in order to simulate real field conditions. To achieve this goal, ABAQUS FE 

software version 6.9 was used in the modeling process (ABAQUS 2009). Two 3D FE models 

were developed to simulate the case where radiant barrier is used and a conventional case 

without radiant barrier. 

The second task was carried out with the support of the local industry and our research 

partners. A number of projects utilizing radiant barrier insulation in Louisiana provide real time 

data through installed sensors. Two projects were instrumented with t‐type thermocouples and 

heat flux transducers, one site with radiant barrier insulation and one site with conventional 

insulation. T‐type thermocouples were continuously monitored the temperature field in the 

system. Data was collected over a variety of weather conditions, ranging from cloudy and 

overcast days to sunny hot days, selected over an eight month monitoring period. The geometry, 

material properties, and climatic conditions, for the corresponding field conditions were 

simulated in the developed FE models and accuracy of the predicted heat flow was established 

by comparing measured and predicted thermal performance. Developed FE models were 

adjusted and modified until an accurate prediction of the temperature distribution in the system is 

achieved. Results of our measurements were used to assess the thermal efficiency of the radiant 

barrier insulation system as compared to conventional insulation system. As many factors affect 

the calculated temperature distributions and heat flux in the roof, the validity of the FE model 

was evaluated by comparing finite element simulation results with experimental data. 

Task 3 identified the significance of the design and operational variables and their influence 

on the performance of the radiant barrier insulation system based on FE analysis. Initially, 

factors affecting thermal performance are divided into two main categories: 
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 Design variables such as emissivity of the material, thickness of the air space, orientation 

of the air space, number of reflective layers, and direction of heat flow. 

 Operational Parameters such as solar radiation, wind speed and direction, radiation angle, 

and temperature differences between the inside and the outside of the building. 

Design parameters were systematically varied until optimum conditions were identified in 

order to maximize thermal performance of the radiant barrier insulating system. Graphing the 

variation of one parameter at a time against the temperature profile used to quantify its impact on 

system performance. Based on this analysis, thermal performance of the developed system and 

its variation with operational parameters is evaluated and reported for utilizing in the estimating 

tool. 

In task 3.1 sensitivity analysis was carried out to quantify the variations of an output 

parameter of a system with respect to changes imposed to some input parameters. Sensitivity 

analysis is used to understand which factor among design and operational parameters has the 

greatest effect on the performance of radiant barrier. The design and operational parameters are 

shown in Table 1. 

In task 3.2 fractional factorial design was performed to investigate the influence of design 

and operational parameters on the heating and cooling load in residential buildings. Three levels 

(low [0], intermediate [1], and high [2]) were considered for each factor as shown in Table 1.2. 

The required total number of runs is calculated from the definition of the factorial design, 3
(k-p)

; 

where k is the number of factors and p is one representing the half fraction. There are 81 

combinations with six replicates to account for variability. The model can be represented in the 

form of Y = f(x1, x2 . . . , xk), where x1, x2 . . . , xk are input factors and Y is the model output. In 
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this study Y represents the temperature of the insulation. Related input factors which are the 

design and operational parameters are shown in Table1.  

Table 1: Design and operational parameters 

Emissivity of Asphalt Shingle 

Emissivity of Aluminum 

Thickness of Air space 

Orientation of air space  

Number of reflective layers 

Direction of heat flow & ventilation 

Insulation  

Thickness of Aluminum  

Solar radiation 

Wind speed and direction 

Radiation angle 

Temperature difference between inside and outside 

of the house  

Type of Ventilation   

  

Table 2: The range of design and operational parameters 

Parameters 

Range of variation 

Low Level 

(0) 

Intermediate 

Level 

(1) 

High Level 

(2) 

Shingle emissivity 0.75 0.8 0.97 

Radiant barrier emissivity 0.03 0.04 0.05 

Insulation emissivity 0.2 0.3 0.4 

Air gap thickness 0 0.75 5 

Radiant barrier orientation Full East-West North-South 

Attic flow rate 0.1 1.3 5 

Wind speed 0 3.5 14 

Solar radiation 0 875 1310 

Outside temperature -24 17 34 

 

To obtain enough data for the statistical analysis and more accurate results, the simulation 

runs were based on typical days in each season (spring, summer, fall, and winter). In task 4, 

results of tasks 1 through 3 are used to determine the amount of energy savings provided by 
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radiant barriers. Energy savings quantified on a monthly basis over an entire year based on the 

building cooling and heating loads reduction. Reported savings was expressed in terms of the 

operational conditions and factors affecting the performance of radiant barriers that identified 

along with recommended ranges for maximum benefits from the insulating system.  

The second phase was to assess the economic performance of radiant barrier system 

based on a whole‐life cycle cost approach. Economic performance evaluated by determining the 

costs for purchase, installation, maintenance, replacement and disposal at the end‐of‐life. All 

future costs discounted to their equivalent present values. Performance of radiant barrier system 

was obtained from the results of Phase I and used to determine the energy savings benefits of this 

technology. By summation of equivalent present values, a total economic score was obtained. A 

lower score indicates a technology that is more cost effective and economic over the entire 

design service life of the construction product. To quantify the added social values to the 

consumer and to the society, a benefit‐cost analysis model was incorporated into the life‐cycle 

cost analysis framework. In this approach, the ratio of social benefits of the radiant barrier 

insulating system, expressed in monetary terms, relative to its costs was calculated. All benefits 

and costs were expressed in discounted present values. 

The third and final phase was to develop a simple estimating tool that may be used by 

homeowners, state agencies, and contractors to assess the effectiveness and economic benefits of 

radiant barrier insulation systems under the climatic conditions in US. While the theoretical basis 

behind this tool is robust and accurate, it is envisioned that the developed tool is simple, flexible, 

and user‐friendly to encourage its use among practitioners and homeowners with minimal 

background about this system. The developed tool is based on the results of the FE models by 

implementing these results into a set of regression equations that may predict the thermal and 
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economic performances of radiant barriers under a wide range of operating conditions. Accuracy 

of the models was assessed by the coefficient of determination, (R2), and root mean square error 

(RMSE). Based on this simple design tool, the user was able to enter data corresponding to the 

specific design in mind, such as the geometrical shape of the roof, the thermal properties of the 

materials used, and climatic trends specific to the location. From the data, the models predict the 

efficiency of the reflective barrier insulation and its cost effectiveness. Users may run repeated 

trials to find the optimal design solution based on their needs. 
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CHAPTER 2:  LITERATURE REVIEW 

2.1 Introduction  

The depletion of non-renewable fuels, global climate change, and consciousness of the 

impact of harmful emissions on health and the environment has resulted to an increased interest 

in renewable energy and energy efficiency applied to every major energy sector. However, the 

most energy and environmental benefits can be attained by focusing efforts on improving the 

energy efficiency and building practices in residential and commercial buildings. According to 

the Energy Information Administration, buildings consume 37% of the energy in the United 

States and 53% of that energy is used by residential buildings (Department of Energy 2011). 

Most of this energy is for supplying the energy for lighting, heating, cooling, and ventilation. 

Increased awareness of the environmental impact of Carbon Dioxide (CO2) and Nitrogen Oxide 

(NOx) emissions triggered a renewed attention in environmentally friendly cooling and heating 

innovative technologies (Urban Land Institute 2008). 

Buildings are important consumers of energy and thus important contributors to the 

emission of Green House Gases (GHG) into the atmosphere. The development and integration of 

appropriate renewable energy technologies in buildings has an important role to play. However, 

issues of cost, investment and ownership along with technical risk provide disincentives to the 

uptake of embedded energy technologies. Governments have adopted a number of approaches to 

encourage these new and often expensive technologies, including energy price subsidies, capital 

grants and supply side obligations (Day et al. 2009). Another way of reducing building energy 

consumption is to correctly design the buildings, which will be more economical in their use of 

energy and energy efficiency. 
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A large portion of residential building energy consumption is attributed to space heating 

and cooling which differs with climate conditions (Department of Energy 2011). Due to the large 

energy consumption by residential buildings, efforts to decrease energy use and negative 

environmental impact are an important national issue. There are two major problems to achieve 

sustainability in residential buildings. One is the technology and its associated cost. The energy 

efficiency of appliances, lighting, HVAC, and building materials must improve and it should be 

able to compete economically with traditional building materials and practices. Second problem 

is that homeowners and residential contractors do not have enough information and knowledge 

about new available materials and technologies, or have concern about cost or ease of 

installation. Both of these concerns should be considered to achieve a positive impact in 

residential buildings. 

2.2 Building Energy Consumption  

Nowadays, our society must deal with two major issues of this century: the progressive 

exhaustion of fossil fuels (carbon, oil, gas and coal), which provides currently more than 80% of 

the primary energies marketed in the world and the climate change. Greenhouse gas emissions 

are considered to be the main reason of the climatic warming for the last fifty years and a 

progressive concern about this matter has been observed (Elani et al. 1996). 

Energy is essential for socio-economic progress both in developing and industrialized countries 

and the demand for energy will increase with the global population, currently growing at a rate 

of 250,000 people per day (Abdeen 2008). In the year 2001, the use of fossil fuels released about 

23.7 Gigatonnes of CO2 into the atmosphere with a continuous increase compared to previous 

periods (International Energy Agency 2004).  
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Figure 68: Insulation temperature and heat flux in the house with radiant barrier in Fall-airgap 

thickness = 5 

 

 
Figure 69: Insulation temperature and heat flux in the house without radiant barrier in Fall 
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Hot-Arid Region  

 
 

Figure 70: Insulation temperature and heat flux in the house with radiant barrier in Spring-airgap 

thickness = 0 

 
 

Figure 71: Insulation temperature and heat flux in the house with radiant barrier in Spring-airgap 

thickness = 0.75 
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Figure 72: Insulation temperature and heat flux in the house with radiant barrier in Spring-airgap 

thickness = 5 

 
 

Figure 73: Insulation temperature and heat flux in the house with radiant barrier in Spring-airgap 

thickness = 5 
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Cool Region  

 
Figure 74: Insulation temperature and heat flux in the house with radiant barrier in Winter-airgap 

thickness = 0 

 

 
Figure 75: Insulation temperature and heat flux in the house with radiant barrier in Winter-airgap 

thickness = 0.75 
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Figure 76: Insulation temperature and heat flux in the house with radiant barrier in Winter-airgap 

thickness = 5 

 

 
Figure 77: Insulation temperature and heat flux in the house with radiant barrier in Winter-airgap 

thickness = 5 
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APPENDIX B 

Solar Load Calculation  

clear 

clc 

load Radiation.txt; 

 

 

nDay = 178; 

sigma = 33.69*pi/180;%slope 

psi =-90*pi/180;   % angeles measured fron south  S=0 & N=180 & W = +90 & E = -90 

Latitude =30.5*pi/180; 

 

Rb = zeros(1,24); 

Itilt = zeros(1,24); 

Ib = zeros(1,24); 

Id = zeros(1,24); 

isUsingAshraeForIet =1;    

 

for i = 1:24    if(Radiation(i,2)>0) 

 

        delta = abs(23.45*sin(360*(284+nDay)/365*pi/180)*pi/180); 

 

        CT = i;  % hour 

        Lstd = 90; 

        Llocal= 104; 

        B = (360*(nDay-81)/364) * pi/180; 

        E =  (0.165 * sin(2*B)-0.126 * cos(B) - 0.025*sin(B)); 

        Lst = CT  + 1/15*(Lstd - Llocal) + E - 1; 

 

        if(i<=12) 

            omega = (Lst-12) * 15 *pi/180; 

        else 

            omega = (12-Lst) * 15 *pi/180; 

        end 

 

        theta_h = acos(sin(delta)*sin(Latitude) + cos(delta)* cos(Latitude)* cos(omega)); 

 

        beta = pi/2 - theta_h; 

 

        phi = acos(( cos(delta)* sin(Latitude)* cos(omega) - sin(delta)*cos(Latitude)) / cos(beta)); 

 

        if( omega <0 ) 

            if (phi>0) 

                phi = -phi; 

            end 
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        else 

            if (phi<0) 

                phi = -phi; 

            end 

        end 

 

        gamma = abs(phi - psi); 

 

        theta = acos (cos(beta)* sin(sigma)* cos(gamma) + sin(beta)*cos(sigma)); 

 

        Iet = 1353 * (1 + 0.033*cos(360*nDay/365*pi/180)) * cos(theta_h) 

         

        myBeta = 360*nDay/365*pi/180; 

 

        if(isUsingAshraeForIet > 0) 

            KT = Radiation(i,2)/Iet; 

        else 

            KT = Radiation(i,2)/Radiation(i,1); 

        end 

        if(KT<.22) 

            Iratio =1-.09*KT; 

        end 

        if(KT>=0.22 && KT<=0.8) 

            Iratio = 0.9511 - 0.1604*KT + 4.388*KT^2 - 16.638 * KT^3 + 12.336 * KT^4; 

        end 

        if(KT>0.8) 

            Iratio =0.165; 

        end 

 

        Id(i) = Iratio * Radiation(i,2); 

        Ib(i) = Radiation(i,2) - Id(i); 

 

      Rb(i) = cos(theta)/cos(theta_h); 

        if(Rb(i)> 0) 

            Itilt(i) = Id(i) + Rb(i) * Ib(i); 

        else 

            Itilt(i) = Ib(i); 

        end 

    end 

end 

 

plot (Itilt, 'DisplayName', 'Itilt', 'YDataSource', 'Itilt'); figure(gcf) 
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APPENDIX C 

Convection Coefficients Calculation 

 

TS =SURFACE TEMPERATURE, F 

! TA = AIR TEMPERATURE, F 

! PHI = TILT ANGLE, DEGREES, a FOR HORIZONTAL, 90 FOR VERTICAL 

! AL = CHARACTERISTIC LENGTH OF SURFACE 

! IFLAG = 1 FOR SURFACE FACING UPWARD 

! IFLAG = 2 FOR SURFACE FACING DOWWdARD 

! V = AIR SPEED, FEET PER HOUR 

! HCF = FORCED CONVECTION COEFFICIENT 

! HCN = NATURAL CONVECTION COEFFICIENT 

! HC = TOTAL CONVECTION COEFFICIENT 

!REAL NUS,K,MU,NU 

DT = TS - TA 

IF (IFLAG.EQ.2) DT = -DT 

CALCULATE FILM TEMPERATURE 

TF = (TS+TA)/2.0 

TF1 = TF 

IF(ABS(PHI).GT.1.E-3.AND.ABS(PHI-90.).GT.1.E-3)& 

 TF = TS - 0.25*(TS-TA) 

 IF(ABS(PHI).GT.1.E-3.AND.ABS(PHI-90.).GT.1.E-3) & 

 TF1 = TA + 0.25*(TS-TA) 

TK = (TF+459.67)/1.8 

! K = 0.6325E-5*SQRT(TK)/(1.+(245.4*10.**(-12./TK))/TK)*241.77 

 MU = (145.8*TK*SQRT(TK)/(TK+110.4))*241.90E-7 

PR = 0.7880 - 2.631E-4*TK 
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! BETA = 1./(TF1+459.67) 

RHO = 22.0493/TK 

NU=MU/RHO 

CP = (3.4763 + 1.066E-4*TK)*0.068559 

RA = (4.16975E8)*BETA*RHO*CP*ABS(DT)*(AL**3)/NU/K 

IF(ABS(PHI).LE.1.E-3) GO TO 100 

IF(ABS(PHI-90.).LE.1.E-3) GO TO 200 

IF(ABS(PHI).GT.1.E-3.AND.ABS(PHI).LT.2.) GO TO 300 

IF(ABS(PHI).GT.2.0.AND.ABS(PHI-90.).GT.1.E-3) GO TO 400 

! FOR HORIZONTAL SURFACES 

100 IF(DT.LT.0.0) GO TO 150 

NUS = 0.15*RA**(1./3.) 

IF(RA.LT.8.E6)  

NUS = 0.54*RA**0.25 

GO TO 1000 

150 NUS = 0.58*RA**0.2 

GO TO 1000 

! FOR VERTICAL SURFACES 

200 NUS = 0.10*RA**(1./3.) 

IF(RA.LT.1.E9) NUS = 0.59*RA**0.25 

GO TO 1000 

! FOR TILTED SURFACES 

400  

IF(DT.GT.0.0) GO TO 450 

NUS = 0.56*(RA*COS((90.-PHI)*3.14159265/180.))**0.25 

GO TO 1000 

450 GRC = 10.0**(PHI/(1.1870+0.0870*PHI)) 
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IF(ABS(PHI).LT.15.) GRC = 1.E6 

IF(ABS(PHI).GT.75.) GRC = 5.E9 

GR = RA/PR 

IF(GR.LE.GRC)  

NUS=0.56*(RA*COS((90.-PHI)*3.14159265/180.))**0.25 

IF(GR.GT.GRC) NUS = 0.14*(RA**(1./3.) - (GRC*PR)**(1./3.))& 

 +0.56*(GRC*PR*COS((90.-PHI)*3.14159265/180.))**0.25 

 GO TO 1000 

1000 HCN = NUS*K/AL 

!CALCULATE FORCED CONVECTION COEFFICIENT 

RE = V*AL/NU 

IF(RE.LT.5.E5) NUS = 0.664*(PR**(1./3.))*SQRT(RE) 

IF(RE.GT.5.E5) NUS = (PR**(1./3.))*(0.037*(RE**0.8)-850.) 

HCF = NUS*K/AL 

HC = (HCF**3 + HCN**3)**(1./3.) 

End 
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APPENDIX D 

 

Public Class frmCalculator 

    Dim State_City, State, City, Regional, BuildingType As String 

    Dim ConditionedFloorArea, NumberOfFloorArea 

    Dim HeatingEquipment As String 

    Dim ElectricityPrice As Single 

    Dim GasPrice As Single 

    Dim d As Single = 0, m As Single = 0, y As Single = 0 

    Dim HeatingSystemEfficiency, CoolingSystemEfficiency As String 

    Dim RoofType As String 

    Dim RoofSlope As String 

    Dim RadiantBarrier, RadiantBarrierCoverage As String 

    Dim RadiantBarrierEmmisivity, RadiantBarrierIndex As Single 

    Dim RB_type As String 

    Dim Filename As String 

    Dim CaseArray(8640, 3), Q(8640, 0), Ta(8640, 0), Wind(8640, 0), Phi(8640, 

0), _ 

    Temp(8640, 0), TempWRB(8640, 0), TempF(8640, 0), TempWRBF(8640, 0) 

    Dim QCoolTotal(8640, 0), QHeatTotal(8640, 0), QCoolTotalWRB(8640, 0), 

QHeatTotalWRB(8640, 0) 

    Dim Qcool_day(365, 0), QHeat_day(365, 0), Qcool_month(12, 0), 

QHeat_month(12, 0) 

    Dim Qcool_dayWRB(365, 0), QHeat_dayWRB(365, 0), Qcool_monthWRB(12, 0), 

QHeat_monthWRB(12, 0) 

    Dim QHeat_year, Qcool_year, QHeat_yearWRB, Qcool_yearWRB As Single 

 

    Dim Emissivity_shingle As Single 

    Dim AtticInsulation As String 

    Dim AtticInsulationEmissivity As Single 

    Dim U, SEER, HSPF, AFUE, CoolCost, HeatCost, CoolCostWRB, HeatCostWRB As 

Single 

    Dim Netcoolcost, Netheatcost, Totalcostsaving As Single 

    Dim TempIn As Single = 72 

    Dim A1, A2, A3, A4, A5, A6, A7, A8, A9, A10 As Single 

    Dim B1, B2, B3, B4, B5, B6, B7, B8, B9, B10 As Single 

    Dim max As Single 

    Dim discount, NN 

    Dim escalation(24, 0), PV(24, 0) 

 

 

 

 

    Private Sub cmdOpenExcel_Click(ByVal State, ByVal City) 

        On Error GoTo ErrHandler 

        Dim xlsApp As Object 

        Dim xlsWB1 As Object 

 

        Filename = "C:\Users\cmieadmin\Documents\Research Radiant 

barrier\Calculator\Test\" & State & "\" & City & ".xlsx" 

        'Late binding to open an XLS file which is present on my local 

harddisk 

        xlsApp = CreateObject("Excel.Application") 

        xlsApp.Visible = True 

        xlsWB1 = xlsApp.Workbooks.Open(Filename) 
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        Exit Sub 

ErrHandler: 

        MsgBox("There is a problem while opening the xls document. " & _ 

        " Please ensure it is present!", vbCritical, "Error") 

    End Sub 

 

 

    Private Sub cmdParse_Click(ByVal City) 

        On Error GoTo ErrHandler 

        Dim xlsApp As Object 

        Dim xlsWB1 As Object 

        Dim xlsWS1 As Object 

        'Opening the file to parse now 

        xlsApp = CreateObject("Excel.Application") 

        xlsApp.Visible = False 

        xlsWB1 = xlsApp.Workbooks.Open(Filename) 

        xlsWS1 = xlsWB1.Worksheets(City) 

        Dim col As Integer 

        Dim row As Integer 

        Dim str As String 

        str = "" 

        Dim MaxRow As Integer = 8640 

        Dim MaxCol As Integer = 3 

        'Declaring an array so that we don't have to depend on the excel file 

anymore 

        ReDim CaseArray(MaxRow, MaxCol) 

        'Reading the Excel file and putting everything in Memory for faster 

manipulation 

        For row = 1 To MaxRow 

            CaseArray(row, 0) = xlsWS1.cells(row + 2, 5).Value 

            CaseArray(row, 1) = xlsWS1.cells(row + 2, 32).Value + 273.15 

            CaseArray(row, 2) = xlsWS1.cells(row + 2, 38).Value 

            CaseArray(row, 3) = xlsWS1.cells(row + 2, 47).Value 

            ProgressBar1.Value = row 

        Next 

 

        xlsWB1.Close() 

        xlsApp.Quit() 

        xlsApp = Nothing 

        xlsWB1 = Nothing 

        xlsWS1 = Nothing 

        Exit Sub 

ErrHandler: 

        MsgBox("An unknown error occurred while Parsing the Excel. Sorry 

about that!!", vbCritical, "Error") 

    End Sub 

 

 

    Private Sub CmdCalculate_Click(ByVal sender As Object, ByVal e As 

System.EventArgs) Handles CmdCalculate.Click 

 

 

 

        State_City = CboState.Text 

        State = Mid(State_City, 1, 2) 

        City = Mid(State_City, 4, Len(State_City)) 

        ProgressBar1.Maximum = 8640 
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        BuildingType = CboBlgType.Text 

        ConditionedFloorArea = Val(TextFloorArea.Text) 

        NumberOfFloorArea = Val(TextFloorNumber.Text) 

        HeatingEquipment = CboHeatEquip.Text 

        ElectricityPrice = Val(TextElectricityPrice.Text) 

        GasPrice = Val(TextGasPrice.Text) 

        HeatingSystemEfficiency = CboHeatingEfficiency.Text 

        CoolingSystemEfficiency = CboCoolingEfficiency.Text 

        RoofType = CboRoofType.Text 

        'RoofSlope = CboRoofSlope.Text 

        RB_type = CboRadiantBarrierType.Text 

        AtticInsulation = CboAtticInsulation.Text 

        AtticInsulationEmissivity = CboAtticInsulationEmissivity.Text 

        RadiantBarrierCoverage = CboRadiantBarrierCoverage.Text 

        RadiantBarrierEmmisivity = CboRadiantBarrierEmissivity.Text 

 

        'specifying the region belongs to each state 

        If State = "LA" Or State = "AL" Or State = "MS" Or State = "TX" Or 

State = "FL" Or _ 

        State = "GA" Or State = "AR" Or State = "SC" Or State = "AZ" Or State 

= "NC" Or State = "TN" Or State = "HI" Then 

            Regional = "South" 

        ElseIf State = "CA" Or _ 

        State = "ID" Or State = "UT" Or State = "NV" Or State = "NM" Then 

            Regional = "West" 

        ElseIf State = "MD" Or State = "WA" Or State = "PA" Or State = "SC" 

Or _ 

        State = "NC" Or State = "VA" Or State = "DE" Or State = "NY" Or State 

= "KY" Or State = "WV" Or State = "NE" Or State = "MO" Or State = "IL" Or 

State = "IA" Or State = "OH" Or State = "KS" Or State = "NJ" Or _ 

        State = "RI" Or State = "CT" Or State = "MA" Or State = "OK" Or State 

= "ID" Or State = "IN" Or State = "CO" Or State = "OR" Then 

            Regional = "East" 

        ElseIf State = "MN" Or State = "ND" Or State = "SD" Or State = "NH" 

Or State = "MT" Or State = "ME" Or State = "WI" Or State = "WY" Or State = 

"VT" Or State = "MI" Or State = "AK" Then 

            Regional = "North" 

        End If 

 

 

        ' U for diffrent Insualtion ( BTUh/F/SQFT) 

******************************************************** 

 

        If AtticInsulation = "R-7" Then 

            U = 0.142        'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-11" Then 

            U = 0.09        'U is  finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-13" Then 

            U = 0.0769        'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-15" Then 

            U = 0.06667        'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-19" Then 

            U = 0.0526        'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-21" Then 

            U = 0.0476       'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-25" Then 

            U = 0.04        'U is finalized BTU/(h °F ft²) 
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        ElseIf AtticInsulation = "R-28" Then 

            U = 0.0357        'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-30" Then 

            U = 0.0333        'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-38" Then 

            U = 0.0263        'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-44" Then 

            U = 0.0227        'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-50" Then 

            U = 0.02        'U is finalized BTU/(h °F ft²) 

        ElseIf AtticInsulation = "R-56" Then 

            U = 0.0178       'U is finalized BTU/(h °F ft²) 

        End If 

        ' Emissivity for diffrent roof color 

******************************************************** 

        If RoofType = "Dark" Then 

            Emissivity_shingle = 0.97 

        ElseIf RoofType = "Medium" Then 

            Emissivity_shingle = 0.91 

        ElseIf RoofType = "Light" Then 

            Emissivity_shingle = 0.75 

        End If 

        ' Value for diffrent Radiant Barrier Coverage 

******************************************************** 

        If RadiantBarrierCoverage = "Full Coverage" Then 

            RadiantBarrierIndex = 3 

        ElseIf RadiantBarrierCoverage = "East-West Coverage" Then 

            RadiantBarrierIndex = 2 

        ElseIf RadiantBarrierCoverage = "North-South Coverage" Then 

            RadiantBarrierIndex = 1 

        End If 

 

        ' Efficiency for Cooling system 

******************************************************** 

        If CoolingSystemEfficiency = "High" Then         ' BTU/Watt-hr 

            SEER = 11  'Coefficients are not finalized  

        ElseIf CoolingSystemEfficiency = "Mid" Then 

            SEER = 9  'Coefficients are not finalized  

        ElseIf CoolingSystemEfficiency = "Low" Then 

            SEER = 7  'Coefficients are not finalized  

        End If 

        ' Efficiency for Heating system 

******************************************************** 

        If HeatingSystemEfficiency = "High" Then      ' Btu/watt-hr 

            HSPF = 10 'Coefficients are not finalized  

        ElseIf HeatingSystemEfficiency = "Mid" Then 

            HSPF = 8.5  'Coefficients are not finalized  

        ElseIf HeatingSystemEfficiency = "Low" Then 

            HSPF = 6.8  'Coefficients are not finalized  

        End If 

 

        ' State of 

Louisiana******************************************************** 

 

        If Regional = "South" Then 
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            'Attached to Plywood---------------------------------------------

------------------------------------ 

            If RB_type = "Attached to Plywood" Then 

 

                'Temp = A1 + A2 * Q + A3 * W + A4 * Ta + A5 * Emissivity 

 

                A1 = 35.23604 : A2 = 0.014472 : A3 = 0.908973 : A4 = 0.242376 

: A5 = -0.07663 : A6 = 0 : A7 = 0 : A8 = -3.78313 : A9 = 0 'Coefficients are 

finalized  

                ' Bubble RB--------------------------------------------------

------------------------------------------ 

            ElseIf RB_type = "Bubble RB" Then 

 

                A1 = 33.71789 : A2 = 0.010702 : A3 = 0.915071 : A4 = 0.288488 

: A5 = -0.07995 : A6 = 0 : A7 = 0 : A8 = -3.74127 : A9 = 0 'Coefficients are 

finalized  

 

                ' Installed on Rafters --------------------------------------

------------------------------------- 

            ElseIf RB_type = "Installed on Rafters" Then 

 

                A1 = 31.72934 : A2 = 0.008099 : A3 = 0.922654 : A4 = 0.314689 

: A5 = -0.08115 : A6 = 0 : A7 = 0 : A8 = -3.99259 : A9 = 0 'Coefficients are  

finalized  

 

 

            End If 

            ' No Radiant B---------------------------------------------------

----------------------------------- 

            B1 = -44.524 : B2 = 0.017704 : B3 = 1.182355 : B4 = -0.0979 : B5 

= -0.07097 : B6 = 0 : B7 = 0 : B8 = -0.73118 : B9 = 0 'Coefficients are 

finalized  

 

            ' State of 

Louisiana******************************************************** 

 

        ElseIf Regional = "East" Then 

 

            'Attached to Plywood---------------------------------------------

------------------------------------ 

            If RB_type = "Attached to Plywood" Then 

 

                'Temp = A1 + A2 * Q + A3 * W + A4 * Ta + A5 * Emissivity 

 

                A1 = 45.41772 : A2 = 0.012721 : A3 = 0.872832 : A4 = 0.070998 

: A5 = -0.06144 : A6 = 0 : A7 = 0 : A8 = 0 : A9 = 0 'Coefficients are 

finalized  

 

                ' Bubble RB--------------------------------------------------

------------------------------------------ 

            ElseIf RB_type = "Bubble RB" Then 

 

                A1 = 45.56862 : A2 = 0.009053 : A3 = 0.87317 : A4 = 0.099698 

: A5 = -0.064 : A6 = 0 : A7 = 0 : A8 = 0 : A9 = 0 'Coefficients are finalized 

 

                ' Installed on Rafters --------------------------------------

------------------------------------- 
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            ElseIf RB_type = "Installed on Rafters" Then 

 

                A1 = 45.7913 : A2 = 0.006769 : A3 = 0.872531 : A4 = 0.136683 

: A5 = -0.06492 : A6 = 0 : A7 = 0 : A8 = 0 : A9 = 0 'Coefficients are 

finalized 

 

            End If 

            ' No Radiant B---------------------------------------------------

----------------------------------- 

 

            B1 = 21.71708 : B2 = 0.018951 : B3 = 0.949 : B4 = 0.04154 : B5 = 

-0.05331 : B6 = 0 : B7 = 0 : B8 = 0 : B9 = 0 'Coefficients are finalized 

 

            ' State of 

Louisiana******************************************************** 

 

        ElseIf Regional = "North" Then 

 

            'Attached to Plywood---------------------------------------------

------------------------------------ 

            If RB_type = "Attached to Plywood" Then 

 

                'Temp = A1 + A2 * Q + A3 * W + A4 * Ta + A5 * Emissivity 

 

                A1 = 36.31017 : A2 = 0.01833 : A3 = 0.883521 : A4 = 0.129559 

: A5 = -0.02471 : A6 = -0.37546 : A7 = 20.7827 : A8 = 0.820455 : A9 = 0 

'Coefficients are finalized 

                ' Bubble RB--------------------------------------------------

------------------------------------------ 

            ElseIf RB_type = "Bubble RB" Then 

 

                A1 = 37.61691 : A2 = 0.013483 : A3 = 0.879221 : A4 = 0.196569 

: A5 = -0.02547 : A6 = -0.37343 : A7 = 20.01347 : A8 = 0 : A9 = 0.042114 

'Coefficients are finalized 

 

 

                ' Installed on Rafters --------------------------------------

------------------------------------- 

            ElseIf RB_type = "Installed on Rafters" Then 

 

 

                A1 = 37.51478 : A2 = 0.013697 : A3 = 0.880076 : A4 = 0.171642 

: A5 = -0.02576 : A6 = -0.36419 : A7 = 19.83511 : A8 = 0 : A9 = 0.036603 

'Coefficients are finalized 

 

            End If 

            ' No Radiant B---------------------------------------------------

----------------------------------- 

 

            B1 = 23.91904 : B2 = 0.022733 : B3 = 0.934127 : B4 = 0.033341 : 

B5 = -0.0422 : B6 = 0 : B7 = 0 : B8 = 0.903837 : B9 = 0.033751 'Coefficients 

are  finalized 

 

 

            ' State of 

Louisiana******************************************************** 
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        ElseIf Regional = "West" Then 

 

            'Attached to Plywood---------------------------------------------

------------------------------------ 

            If RB_type = "Attached to Plywood" Then 

 

                'Temp = A1 + A2 * Q + A3 * W + A4 * Ta + A5 * Emissivity 

                A1 = -26.4892 : A2 = 0.009345 : A3 = 1.101953 : A4 = 0.387712 

: A5 = -0.00684 : A6 = 0 : A7 = 0 : A8 = 0 : A9 = 0 'Coefficients are  

finalized 

 

 

                ' Bubble RB--------------------------------------------------

------------------------------------------ 

            ElseIf RB_type = "Bubble RB" Then 

 

                A1 = -24.0013 : A2 = 0.005831 : A3 = 1.092776 : A4 = 0.3787 : 

A5 = -0.018 : A6 = 0 : A7 = 10.00088 : A8 = 0 : A9 = 0 'Coefficients are 

finalized 

 

                ' Installed on Rafters --------------------------------------

------------------------------------- 

            ElseIf RB_type = "Installed on Rafters" Then 

 

                A1 = -23.0277 : A2 = 0.003385 : A3 = 1.089251 : A4 = 

0.4722015 : A5 = -0.01257 : A6 = 0 : A7 = 13.43894 : A8 = 0 : A9 = 0 

'Coefficients are  finalized 

 

            ElseIf RB_type = "No Radiant Barrier" Then 

                 

            End If 

 

            ' No Radiant B---------------------------------------------------

----------------------------------- 

 

            B1 = -28.7302 : B2 = 0.015892 : B3 = 1.108268 : B4 = 0.26468 : B5 

= 0 : B6 = 0 : B7 = 0 : B8 = 0 : B9 = 0 'Coefficients are  finalized 

 

        End If 

 

 

        cmdOpenExcel_Click(State, City) 

        cmdParse_Click(City) 

 

 

 

 

        'Hourly heat flux: 

        For i = 1 To 8640 

            Q(i, 0) = CaseArray(i, 0) 

            Ta(i, 0) = CaseArray(i, 1) 

            Phi(i, 0) = CaseArray(i, 2) 

            Wind(i, 0) = CaseArray(i, 3) 

 

          Temp(i, 0) = A1 + A2 * Q(i, 0) * Emissivity_shingle + A3 * Ta(i, 0) 

+ A4 * Wind(i, 0) + _ 
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            A5 * Phi(i, 0) + A6 * RadiantBarrierIndex + A7 * 

RadiantBarrierEmmisivity + A8 * AtticInsulationEmissivity + 0.1 * A9 

            TempWRB(i, 0) = B1 + B2 * Q(i, 0) * Emissivity_shingle + B3 * 

Ta(i, 0) + B4 * Wind(i, 0) + _ 

            B5 * Phi(i, 0) + B6 * RadiantBarrierIndex + B7 * 

RadiantBarrierEmmisivity + B8 * AtticInsulationEmissivity + 0.1 * B9 

 

 

            TempF(i, 0) = (Temp(i, 0) - 273.15) * 9 / 5 + 32 

            TempWRBF(i, 0) = (TempWRB(i, 0) - 273.15) * 9 / 5 + 32 

 

            QCoolTotal(i, 0) = NumberOfFloorArea * ConditionedFloorArea * 

(TempF(i, 0) - TempIn) * U 'U=BTU/h/F/ft^2 

            QHeatTotal(i, 0) = NumberOfFloorArea * ConditionedFloorArea * 

(TempIn - TempF(i, 0)) * U 

 

            QCoolTotalWRB(i, 0) = NumberOfFloorArea * ConditionedFloorArea * 

(TempWRBF(i, 0) - TempIn) * U 'U=BTU/h/F/ft^2 

            QHeatTotalWRB(i, 0) = NumberOfFloorArea * ConditionedFloorArea * 

(TempIn - TempWRBF(i, 0)) * U 

 

 

 

            If QCoolTotal(i, 0) < 0 Then 

                QCoolTotal(i, 0) = 0 

            End If 

            If QHeatTotal(i, 0) < 0 Then 

                QHeatTotal(i, 0) = 0 

            End If 

            If QCoolTotalWRB(i, 0) < 0 Then 

                QCoolTotalWRB(i, 0) = 0 

            End If 

            If QHeatTotalWRB(i, 0) < 0 Then 

                QHeatTotalWRB(i, 0) = 0 

            End If 

 

 

 

 

        Next 

 

        Form2.Show() 

 

        'Form2.TempF.Text = Temp(1, 0) 

        For i = 1 To 9 

 

            Form2.A1.Text = Format(A1, "#####0.0000") 

            Form2.A2.Text = Format(A2, "#####0.0000") 

            Form2.A3.Text = Format(A3, "#####0.0000") 

            Form2.A4.Text = Format(A4, "#####0.0000") 

            Form2.A5.Text = Format(A5, "#####0.0000") 

            Form2.A6.Text = Format(A6, "#####0.0000") 

            Form2.A7.Text = Format(A7, "#####0.0000") 

            Form2.A8.Text = Format(A8, "#####0.0000") 

            Form2.A9.Text = Format(A9, "#####0.0000") 

        Next 
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        'Summation for days 

        For i = 1 To 8640 

            If (i Mod 24) <> 1 Then 

                Qcool_day(d, 0) = Qcool_day(d, 0) + QCoolTotal(i, 0) 

                QHeat_day(d, 0) = QHeat_day(d, 0) + QHeatTotal(i, 0) 

 

                Qcool_dayWRB(d, 0) = Qcool_dayWRB(d, 0) + QCoolTotalWRB(i, 0) 

                QHeat_dayWRB(d, 0) = QHeat_dayWRB(d, 0) + QHeatTotalWRB(i, 0) 

            Else 

                d = d + 1 

                Qcool_day(d, 0) = QCoolTotal(i, 0) 

                QHeat_day(d, 0) = QHeatTotal(i, 0) 

 

                Qcool_dayWRB(d, 0) = QCoolTotalWRB(i, 0) 

                QHeat_dayWRB(d, 0) = QHeatTotalWRB(i, 0) 

 

            End If 

        Next 

        'Summation for month 

        For j = 1 To 360 

            If (j Mod 30) <> 1 Then 

                Qcool_month(m, 0) = Qcool_month(m, 0) + Qcool_day(j, 0) 

                QHeat_month(m, 0) = QHeat_month(m, 0) + QHeat_day(j, 0) 

 

             Qcool_monthWRB(m, 0) = Qcool_monthWRB(m, 0) + Qcool_dayWRB(j, 0) 

             QHeat_monthWRB(m, 0) = QHeat_monthWRB(m, 0) + QHeat_dayWRB(j, 0) 

            Else 

                m = m + 1 

                Qcool_month(m, 0) = Qcool_day(j, 0) 

                QHeat_month(m, 0) = QHeat_day(j, 0) 

 

                Qcool_monthWRB(m, 0) = Qcool_dayWRB(j, 0) 

                QHeat_monthWRB(m, 0) = QHeat_dayWRB(j, 0) 

 

            End If 

        Next 

 

        For i = 1 To 12 

            If Qcool_month(i, 0) < 0.05 * maximumarray(Qcool_month, 12) Then 

                Qcool_month(i, 0) = 0 

            End If 

            If QHeat_month(i, 0) < 0.05 * maximumarray(QHeat_month, 12) Then 

                QHeat_month(i, 0) = 0 

            End If 

        Next 

        For i = 1 To 12 

            If Qcool_monthWRB(i, 0) < 0.05 * maximumarray(Qcool_monthWRB, 12) 

Then 

                Qcool_monthWRB(i, 0) = 0 

            End If 

            If QHeat_monthWRB(i, 0) < 0.05 * maximumarray(QHeat_monthWRB, 12) 

Then 

                QHeat_monthWRB(i, 0) = 0 

            End If 

        Next 
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        'MsgBox(Qcool_day(1, 1), Qcool_day(2, 1), Qcool_day(3, 1)) 

 

        Form2.TextBox12.Text = Format(Qcool_month(1, 0), "#####0.00") 

        Form2.TextBox22.Text = Format(Qcool_month(2, 0), "#####0.00") 

        Form2.TextBox32.Text = Format(Qcool_month(3, 0), "#####0.00") 

        Form2.TextBox42.Text = Format(Qcool_month(4, 0), "#####0.00") 

        Form2.TextBox52.Text = Format(Qcool_month(5, 0), "#####0.00") 

        Form2.TextBox62.Text = Format(Qcool_month(6, 0), "#####0.00") 

        Form2.TextBox72.Text = Format(Qcool_month(7, 0), "#####0.00") 

        Form2.TextBox82.Text = Format(Qcool_month(8, 0), "#####0.00") 

        Form2.TextBox92.Text = Format(Qcool_month(9, 0), "#####0.00") 

        Form2.TextBox102.Text = Format(Qcool_month(10, 0), "#####0.00") 

        Form2.TextBox112.Text = Format(Qcool_month(11, 0), "#####0.00") 

        Form2.TextBox122.Text = Format(Qcool_month(12, 0), "#####0.00") 

 

 

        Form2.TextBox13.Text = Format(QHeat_month(1, 0), "#####0.00") 

        Form2.TextBox23.Text = Format(QHeat_month(2, 0), "#####0.00") 

        Form2.TextBox33.Text = Format(QHeat_month(3, 0), "#####0.00") 

        Form2.TextBox43.Text = Format(QHeat_month(4, 0), "#####0.00") 

        Form2.TextBox53.Text = Format(QHeat_month(5, 0), "#####0.00") 

        Form2.TextBox63.Text = Format(QHeat_month(6, 0), "#####0.00") 

        Form2.TextBox73.Text = Format(QHeat_month(7, 0), "#####0.00") 

        Form2.TextBox83.Text = Format(QHeat_month(8, 0), "#####0.00") 

        Form2.TextBox93.Text = Format(QHeat_month(9, 0), "#####0.00") 

        Form2.TextBox103.Text = Format(QHeat_month(10, 0), "#####0.00") 

        Form2.TextBox113.Text = Format(QHeat_month(11, 0), "#####0.00") 

        Form2.TextBox123.Text = Format(QHeat_month(12, 0), "#####0.00") 

 

        Form2.TextBox14.Text = Format(Qcool_monthWRB(1, 0), "#####0.00") 

        Form2.TextBox24.Text = Format(Qcool_monthWRB(2, 0), "#####0.00") 

        Form2.TextBox34.Text = Format(Qcool_monthWRB(3, 0), "#####0.00") 

        Form2.TextBox44.Text = Format(Qcool_monthWRB(4, 0), "#####0.00") 

        Form2.TextBox54.Text = Format(Qcool_monthWRB(5, 0), "#####0.00") 

        Form2.TextBox64.Text = Format(Qcool_monthWRB(6, 0), "#####0.00") 

        Form2.TextBox74.Text = Format(Qcool_monthWRB(7, 0), "#####0.00") 

        Form2.TextBox84.Text = Format(Qcool_monthWRB(8, 0), "#####0.00") 

        Form2.TextBox94.Text = Format(Qcool_monthWRB(9, 0), "#####0.00") 

        Form2.TextBox104.Text = Format(Qcool_monthWRB(10, 0), "#####0.00") 

        Form2.TextBox114.Text = Format(Qcool_monthWRB(11, 0), "#####0.00") 

        Form2.TextBox124.Text = Format(Qcool_monthWRB(12, 0), "#####0.00") 

 

 

        Form2.TextBox15.Text = Format(QHeat_monthWRB(1, 0), "#####0.00") 

        Form2.TextBox25.Text = Format(QHeat_monthWRB(2, 0), "#####0.00") 

        Form2.TextBox35.Text = Format(QHeat_monthWRB(3, 0), "#####0.00") 

        Form2.TextBox45.Text = Format(QHeat_monthWRB(4, 0), "#####0.00") 

        Form2.TextBox55.Text = Format(QHeat_monthWRB(5, 0), "#####0.00") 

        Form2.TextBox65.Text = Format(QHeat_monthWRB(6, 0), "#####0.00") 

        Form2.TextBox75.Text = Format(QHeat_monthWRB(7, 0), "#####0.00") 
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        Form2.TextBox85.Text = Format(QHeat_monthWRB(8, 0), "#####0.00") 

        Form2.TextBox95.Text = Format(QHeat_monthWRB(9, 0), "#####0.00") 

        Form2.TextBox105.Text = Format(QHeat_monthWRB(10, 0), "#####0.00") 

        Form2.TextBox115.Text = Format(QHeat_monthWRB(11, 0), "#####0.00") 

        Form2.TextBox125.Text = Format(QHeat_monthWRB(12, 0), "#####0.00") 

 

 

        For i = 1 To 12 

            Qcool_year = Qcool_month(i, 0) + Qcool_year 

            QHeat_year = QHeat_month(i, 0) + QHeat_year 

            Qcool_yearWRB = Qcool_monthWRB(i, 0) + Qcool_yearWRB 

            QHeat_yearWRB = QHeat_monthWRB(i, 0) + QHeat_yearWRB 

        Next 

 

        Form2.TextBox1.Text = Format(Qcool_year, "#####0.00") 

        Form2.TextBox2.Text = Format(QHeat_year, "#####0.00") 

        Form2.TextBox3.Text = Format(Qcool_yearWRB, "#####0.00") 

        Form2.TextBox4.Text = Format(QHeat_yearWRB, "#####0.00") 

 

 

        CoolCost = ((ElectricityPrice / 1000) * Qcool_year / SEER) / 100 'in 

dollars 

        HeatCost = ((ElectricityPrice / 1000) * QHeat_year / HSPF) / 100 

        CoolCostWRB = ((ElectricityPrice / 1000) * Qcool_yearWRB / SEER) / 

100 

        HeatCostWRB = ((ElectricityPrice / 1000) * QHeat_yearWRB / HSPF) / 

100 

 

 

        Netcoolcost = CoolCostWRB - CoolCost 

        Netheatcost = HeatCostWRB - HeatCost 

 

        Totalcostsaving = Netcoolcost + Netheatcost 

 

        Form2.TextBoxCoolCost.Text = Format(Netcoolcost, "#####0.00") 

        Form2.TextBoxHeatCost.Text = Format(Netheatcost, "#####0.00") 

        Form2.TextBoxTotalcostsaving.Text = Format(Totalcostsaving, 

"#####0.00") 

        discount = 0.03 

        escalation(1, 0) = 0.033506045 

        escalation(2, 0) = 0.006016043 

        escalation(3, 0) = -0.017607973 

        escalation(4, 0) = -0.012174501 

        escalation(5, 0) = -0.007531667 

        escalation(6, 0) = -0.009313556 

        escalation(7, 0) = -0.00591922 

        escalation(8, 0) = -0.000700525 

        escalation(9, 0) = 0.001752541 

        escalation(10, 0) = -0.00209937 

        escalation(11, 0) = 0.004207574 

        escalation(12, 0) = -0.001047486 

        escalation(13, 0) = -0.001398113 

        escalation(14, 0) = 0.002100105 

        escalation(15, 0) = 0.000698568 

        escalation(16, 0) = -0.00034904 

        escalation(17, 0) = 0.001047486 

        escalation(18, 0) = 0.001743983 
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        escalation(19, 0) = 0 

        escalation(20, 0) = 0.001733102 

        escalation(21, 0) = 0.001038062 

        escalation(22, 0) = 0.001382648 

        escalation(23, 0) = 0.001380739 

        escalation(24, 0) = 0.001034126 

 

        NN = 24 

        For i = 1 To 24 

            PV(i, 0) = Totalcostsaving * ((1 + escalation(i, 0)) / (discount 

- escalation(i, 0))) * (1 - (1 + escalation(i, 0)) / (1 + discount) ^ i) 

        Next 

 

 

 

 

 

    End Sub 

    Private Sub CmdClear_Click(ByVal sender As Object, ByVal e As 

System.EventArgs) Handles CmdClear.Click 

        'Blank out the text boxes 

        TextFloorArea.Text = "" 

        TextFloorNumber.Text = "" 

        TextElectricityPrice.Text = "" 

        TextGasPrice.Text = "" 

    End Sub 

 

 

    Private Sub Label1_Click(ByVal sender As System.Object, ByVal e As 

System.EventArgs) 

 

    End Sub 

 

    Private Sub LinkLabel1_LinkClicked(ByVal sender As System.Object, ByVal e 

As System.Windows.Forms.LinkLabelLinkClickedEventArgs) Handles 

LinkLabel1.LinkClicked 

        

Process.Start("http://www.census.gov/const/C25Ann/sftotalmedavgsqft.pdf") 

    End Sub 

 

    Private Sub LinkLabel2_LinkClicked(ByVal sender As System.Object, ByVal e 

As System.Windows.Forms.LinkLabelLinkClickedEventArgs) Handles 

LinkLabel2.LinkClicked 

        Process.Start("http://www.eia.gov/electricity/monthly/") 

    End Sub 

 

    Private Sub LinkLabel3_LinkClicked(ByVal sender As System.Object, ByVal e 

As System.Windows.Forms.LinkLabelLinkClickedEventArgs) Handles 

LinkLabel3.LinkClicked 

        

Process.Start("http://www.eia.gov/dnav/ng/ng_pri_sum_a_EPG0_PRS_DMcf_m.htm") 

    End Sub 

 

    Private Sub LinkLabel4_LinkClicked(ByVal sender As System.Object, ByVal e 

As System.Windows.Forms.LinkLabelLinkClickedEventArgs) Handles 

LinkLabel4.LinkClicked 
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Process.Start("http://www.energystar.gov/index.cfm?c=airsrc_heat.pr_crit_as_h

eat_pumps") 

    End Sub 

 

    Private Sub LinkLabel5_LinkClicked(ByVal sender As System.Object, ByVal e 

As System.Windows.Forms.LinkLabelLinkClickedEventArgs) Handles 

LinkLabel5.LinkClicked 

        

Process.Start("http://www.energystar.gov/index.cfm?c=airsrc_heat.pr_crit_as_h

eat_pumps") 

    End Sub 

 

    Private Sub CboRadiantBarrier_SelectedIndexChanged(ByVal sender As 

System.Object, ByVal e As System.EventArgs) 

 

    End Sub 

 

    Private Sub LinkLabel6_LinkClicked(ByVal sender As System.Object, ByVal e 

As System.Windows.Forms.LinkLabelLinkClickedEventArgs) 

        

Process.Start("http://www.energysavers.gov/your_home/insulation_airsealing/in

dex.cfm/mytopic=11680") 

    End Sub 

 

    Private Sub LinkLabel7_LinkClicked(ByVal sender As System.Object, ByVal e 

As System.Windows.Forms.LinkLabelLinkClickedEventArgs) Handles 

LinkLabel7.LinkClicked 

        

Process.Start("http://www.ornl.gov/sci/ees/etsd/btric/RadiantBarrier/rb4a.sht

ml") 

    End Sub 

 

    Public Function maximumarray(ByVal A As Array, ByVal size As Integer) As 

Single 

        'Dim max As Double 

        'Dim maximum As Single 

        maximumarray = A(0, 0) 

        For i = 1 To size '- 1 

            If A(i, 0) > maximumarray Then 

                maximumarray = A(i, 0) 

            End If 

        Next 

    End Function 

 

 

     

    Private Sub TextGasPrice_TextChanged(ByVal sender As System.Object, ByVal 

e As System.EventArgs) Handles TextGasPrice.TextChanged 

        If CboHeatEquip.Text = "Electric Heat Pump" Then 

            TextGasPrice.Enabled = False 

            TextElectricityPrice.Enabled = True 

        End If 

    End Sub 
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    Private Sub TextElectricityPrice_TextChanged(ByVal sender As 

System.Object, ByVal e As System.EventArgs) Handles 

TextElectricityPrice.TextChanged 

        If CboHeatEquip.Text = "Natural Gas Furnace" Then 

            TextGasPrice.Enabled = True 

            TextElectricityPrice.Enabled = False 

        End If 

    End Sub 

 

    Private Sub GroupBox1_Enter(ByVal sender As System.Object, ByVal e As 

System.EventArgs) Handles GroupBox1.Enter 

 

    End Sub 

 

    Private Sub ProgressBar1_Click(ByVal sender As System.Object, ByVal e As 

System.EventArgs) Handles ProgressBar1.Click 

 

    End Sub 

 

    Private Sub CboState_SelectedIndexChanged(ByVal sender As System.Object, 

ByVal e As System.EventArgs) Handles CboState.SelectedIndexChanged 

 

    End Sub 

End Class 
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